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Abstract

Aims/hypothesis. Impaired glucose tolerance is asso-
ciated with metabolic alterations which increase car-
diovascular disease risk. The contribution of hyper-
glycaemia to this increased risk is, however, not clear.
Abdominal obesity is often observed in subjects with
impaired glucose tolerance; our objective was there-
fore to find the contribution of visceral adipose tissue
to the deterioration of the metabolic risk profile not-
ed in subjects with impaired glucose tolerance.
Methods. We studied 284 men with a normal glucose
tolerance and 66 men with impaired glucose toler-
ance which was defined as a glycaemia between 7.8
and 11.1 mmol/l 2 h after a 75-g glucose load.
Results. Men with impaired glucose tolerance had
more visceral adipose tissue and higher concentra-
tions of plasma glucose and insulin in the fasting state
and following a 75-g oral glucose load than men with
a normal glucose tolerance. They also had higher

concentrations of plasma cholesterol, triglycerides,
apolipoprotein B and lower concentrations of HDL-
cholesterol as well as higher cholesterol:HDL-choles-
terol ratios than men with a normal glucose toler-
ance. The two groups of men were then compared af-
ter a statistical adjustment for the amount of visceral
adipose tissue. Although men with impaired glucose
tolerance still had higher fasting plasma glucose and
insulin concentrations after the adjustment for viscer-
al adipose tissue, differences in all the variables of the
lipid-lipoprotein profile were eliminated.
Conclusion/interpretation. Visceral adipose tissue ac-
cumulation is an important factor in the deterioration
of the plasma lipid-lipoprotein noted in men with im-
paired glucose tolerance. [Diabetologia 2000 43:
1126-1135]

Keywords Impaired glucose tolerance, visceral obesi-
ty, lipid-lipoprotein, cardiovascular disease risk, men.

Cardiovascular disease (CVD) mortality rates are in-
creased in people with impaired glucose tolerance
(IGT) [1-6]. This observation suggests that hypergly-
caemia is associated with CVD, although it does not
necessarily confirm that glucose intolerance in itself
is causal in CVD [5]. Impaired glucose tolerance is a
frequently observed condition and its prevalence var-
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ies widely depending upon the population studied. Its
prevalence can be as high as 37 % in Finns and South
Asian immigrants [6, 7]. Determinants of IGT have
been the topic of several investigations and include
age, obesity (total and central), family history of
Type II (non-insulin-dependent) diabetes mellitus,
physical inactivity and high triglyceride concentra-
tions [7]. Impaired glucose tolerance is known to be
a powerful risk factor for Type II diabetes, with
20-50% of people with IGT developing Type II dia-
betes ten years after IGT diagnosis [7].

Subjects with IGT have been shown to be abdomi-
nally obese [8-10]. An IGT state has also been associ-
ated with alterations in plasma lipid-lipoprotein con-
centrations [11-14]. Subjects with IGT are therefore
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likely to have many features of the plurimetabolic
syndrome resulting from insulin resistance. Predia-
betic subjects have been reported to have an athero-
genic pattern of metabolic risk factors, characterized
by higher concentrations of total and LDL-cholester-
ol, triglyceride, fasting glucose and insulin, 2-h glu-
cose, higher body mass index (BMI) and blood pres-
sure as well as by lower concentrations of HDL-cho-
lesterol, which can be present for many years before
diabetes onset [15]. Thus, this cluster of concomitant
metabolic alterations found in IGT could contribute
to exacerbate the risk of macrovascular disease as
much as the duration of clinical diabetes itself [15].
Accordingly, possibly the presence of the complete
plurimetabolic syndrome rather than hyperglycaemia
alone largely explains the increased CVD risk in peo-
ple with IGT, prediabetic and diabetic states.

It is also well documented that some people with
excessive visceral adipose tissue (AT), despite a nor-
mal glucose tolerance (NGT) state, present numer-
ous complications such as an atherogenic dyslip-
idaemia, hyperinsulinaemia and hypertension, lead-
ing to the development of CVD [16-19]. It is not
known whether the metabolic risk profile of visceral-
ly obese people with a NGT differs from those with
IGT. Some studies have compared diabetic with
non-diabetic subjects with similar BMI to sort out
the contribution of obesity to the deterioration in
the plasma lipid-lipoprotein profile observed in a dia-
betic state [12, 20]. It was found that even after con-
trolling for obesity levels, subjects with diabetes still
had higher plasma concentrations of triglycerides
and lower HDL-cholesterol concentrations than
non-diabetic subjects. It therefore seems that the
greater degree of obesity, typical of hyperglycaemic
states, does not fully account for the deterioration in
the risk profile of hyperglycaemic patients. It is possi-
ble that the residual difference in the metabolic pro-
file could be explained by the hyperglycaemic state
in itself or by differences in body fat distribution,
which are not corrected for when controlling for
BMI. The aim of our study was therefore to investi-
gate the contribution of visceral AT, measured by
computed tomography (CT), to the deterioration of
the metabolic risk profile in subjects with IGT. We
studied 284 men with NGT [mean age: 39.4 +11.8
(SD) years] and 66 men with IGT (47.4 + 9.0 years).
The two groups were compared before and after a
control for their visceral AT accumulation.

Subjects and methods

Subjects. We recruited 350 men from the Québec City metro-
politan area by solicitation through different newspapers be-
tween 1987 and 1998. Subjects were between 18 and 68 years
of age. Participants were selected to cover a wide range of
BMI values (17.9-42.2 kg/m?). These subjects were tested as
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part of an ongoing project studying the associations between
obesity, body fat distribution and risk factors for Type II diabe-
tes and cardiovascular disease. All subjects were healthy, non-
smoking volunteers and were not receiving treatment for coro-
nary heart disease, diabetes, dyslipidaemias or endocrine dis-
orders. We considered there was IGT with a glycaemia be-
tween 7.8 and 11.1 mmol/l 2 h after a 75-g glucose test as rec-
ommended by the expert committee on the diagnosis and clas-
sification of diabetes mellitus [21]. All participants signed an
informed consent document approved by the Laval University
Medical Ethics Committee.

Anthropometric measurements. The hydrostatic weighing tech-
nique [22] was used to measure body density which was ob-
tained from the mean of six measurements. Pulmonary residu-
al volume was measured before immersion in the hydrostatic
tank, using the helium dilution method of Meneely and Kaltre-
ider [23]. The per cent body fat was derived from body density
using the equation of Siri [24]. Height, body weight, waist and
hip circumferences were measured according to the proce-
dures recommended at the Airlie Conference [25] and the
waist-to-hip ratio was calculated.

Computed tomography (CT). Measurements of abdominal AT
areas were made by CT with a Siemens Somatom DHR scan-
ner (Erlangen, Germany) as described previously [26]. Briefly,
the subjects were examined in the supine position with both
arms stretched above the head. The CT scan was done at the
abdominal level between L4 and L5 vertebrae, a scout radio-
graph of the skeleton being used as a reference to establish
the position of the scan to the nearest millimetre. Total abdom-
inal AT area was calculated by delineating the abdominal scan
with a graph pen and then by computing the AT surface area
using an attenuation range of —190 to —30 Hounsfield units.
The abdominal visceral AT area was measured by drawing a
line within the muscle wall surrounding the abdominal cavity.
The abdominal subcutaneous AT area was calculated by sub-
tracting the visceral AT area from the total abdominal AT area.

Plasma lipid-lipoprotein profile. Blood samples were collected
from an antecubital vein into vacutainer tubes containing
EDTA after a 12-h overnight fast for the measurement of plas-
ma lipid and lipoprotein concentrations. Cholesterol and trig-
lyceride concentrations were measured in plasma and lipopro-
tein fractions using an analyser Technicon RA-500 (Bayer, Tar-
ry Town, N.Y., USA) and enzymatic reagents were obtained
from Randox (Randox Laboratories, Crumlin, UK). Plasma
VLDL [density (d) < 1.006 g/ml) were isolated by ultracentri-
fugation [27]. The HDL fraction was obtained after precipita-
tion of LDL in the infranatant (d > 1.006 g/ml) with heparin
and MnCl, [28]. The cholesterol and triglyceride content of
the infranatant were measured before and after the precipita-
tion step. The apolipoprotein (apoB) concentration was mea-
sured in plasma and in the LDL fraction by the rocket im-
muno-electrophoretic method of Laurell [29] as described pre-
viously [30]. Lyophilized serum standards for apoB measure-
ments were prepared in our laboratory, calibrated with refer-
ence standards obtained from the Centres for Disease Control
and Prevention (Atlanta, Ga., USA) and the results validated
against external quality controls for apoB [Canadian Refer-
ence Laboratory (1996), Vancouver, Canada].

Oral glucose tolerance test (OGTT). A 75-g OGTT was done in
the morning after an overnight fast. Blood samples were col-
lected in EDTA-containing tubes (Miles Pharmaceuticals,
Rexdale, Ontario, Canada) through a venous catheter placed
in an antecubital vein at —15, 0, 15, 30, 45, 60, 90, 120, 150 and
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180 min for the measurement of plasma glucose and insulin
concentrations. Plasma glucose was measured enzymatically
[31], whereas plasma insulin was measured by radioimmunoas-
say with polyethylene glycol separation [32]. The total glucose
and insulin areas under the curve during the OGTT were mea-
sured with the trapezoid method.

Variables of insulin-glucose homeostasis. To characterize insu-
lin sensitivity and insulin secretion capacity, we have used the
homeostasis model assessment (HOMA model) formula to es-
timate beta-cell function and insulin resistance as described
previously [33]:

Beta-cell function = (20 x fasting insulin) / (fasting glucose —
3.5)
Insulin resistance = (fasting insulin x fasting glucose) / 22.5

Furthermore, we have used another index of insulin secretion,
which evaluates the first phase insulin response and is obtained
by computing the following ratio, as suggested previously [34]:
Alyy: AG5, = 30-min increment in plasma insulin concentration
over the 30-min increment in plasma glucose concentration in
an OGTT.

Statistical analyses. An unpaired Student ¢ test was done to
compare men with NGT and men with IGT. Covariance analy-
sis was used to evaluate the effect of age and visceral AT accu-
mulation on the differences found in the metabolic risk profile
between men with NGT and men with IGT. The group of men
with NGT was then divided on the basis of BMI (< 25 kg/m?
(control group) or =25 kg/m?). The group of men with NGT
and a BMI of 25 kg/m? or more was also further divided into
two subgroups according to their visceral AT areas: BMI of 25
kg/m? or more with low visceral AT accumulation and BMI of
25 kg/m? or more with high visceral AT accumulation. For sim-
ilar fat mass between the NGT with low visceral AT, NGT with
high visceral AT and men with IGT, these groups were paired
for fat mass on a group basis. Comparisons among subgroups
were done by analysis of variance using the general linear
model and the Duncan post hoc test was used in situations
where a statistically significant group effect was observed.
Pearson correlation coefficients were computed to quantify
the associations among variables. The chi-squared test was
used to compare: firstly the prevalence of high visceral AT
area (> 130 cm?) between men with NGT and men with IGT
and secondly the prevalence of IGT between men with low vis-
ceral AT area (< 130 cm?) and men with high visceral AT area
(=130 cm?). Some variables were not normally distributed
(HDL-cholesterol, HDL,-cholesterol, triglycerides and apoli-
poprotein AI). For these variables, analyses were done on
their log-transformed values. All these analyses were done on
the SAS statistical package (SAS Institute, Cary, N.C., USA).

Results

Subjects with IGT were characterized by increased
adiposity as they have higher BMI, body fat mass,
waist circumference, waist-to-hip ratio as well as
higher total abdominal and visceral AT areas than
subjects characterized by NGT (p <0.0001) (Ta-
ble 1). We calculated the prevalence of IGT among
subjects with high visceral AT (=130 cm?), a thresh-
old value above which a greater likelihood of finding
the cluster of metabolic abnormalities of the insulin
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Table 1. Physical characteristics of men with NGT and men
with IGT

Men with NGT Men with IGT

(n=284) (n=66)

Age (years) 39.4+11.8 47.4+9.0°
BMI (kg/m?) 27.4%4.6 309+4.22
Body fat masss (kg) 21.3£9.7 29.6 £8.92
Waist circumference (cm) 93.9+124 105.2 £10.5*
Waist-to-hip ratio 0.92 +£0.07 0.99 +0.05*
CT abdominal AT areas (cm?)

Total 365.0£175.6 516 £ 151.1#

Visceral 124.7+63.9 190.6 + 66.0°

Subcutaneous 240.3+£127.9 326.2+111.3*

2 significant difference between men with NGT vs men with
IGT p < 0.0001

resistance dyslipidaemic syndrome has been reported
[35, 36]. We found that 32.6% of subjects with high
visceral AT accumulation were characterized by
IGT. This prevalence was higher than the 5.1 % prev-
alence found among men with a low visceral AT accu-
mulation (< 130 cm?) (p < 0.001). We have also calcu-
lated within the group of men with IGT, the preva-
lence of men with high compared with low visceral
AT accumulation. We found that 86.4 % of men with
IGT had a visceral AT area above 130 cm? compared
with only a 41.6% prevalence of increased visceral
AT among men with NGT (p < 0.001) (Fig.1).

As expected, fasting glucose, glucose area under
the curve and 2-h post-OGTT glucose concentrations
were higher in men with IGT than in men with NGT
(p <0.0001) (Table 2). Plasma insulin concentrations
measured in the fasting state and after glucose inges-
tion as well as indicators of insulin resistance and
beta-cell function, determined using the HOMA
model, were also found to be higher in men with
IGT (p <0.02) than in men with NGT. Furthermore,
fasting plasma concentrations of total cholesterol, tri-
glycerides, LDL-cholesterol, apoB and LDL-apoB,
as well as the total cholesterol:HDL-cholesterol ratio
were significantly higher whereas HDL-cholesterol
and HDL,-cholesterol concentrations were signifi-
cantly lower in men with IGT than in men character-
ized by NGT (p <0.02). No significant differences
were, however, found between the two groups for
Aly,: AGy, ratio and for the concentrations of
HDL;-cholesterol and apoAl

As subjects with IGT were statistically significant-
ly older than men characterized by a NGT, we did an
adjustment for age, which failed to alter differences
noted with the exception of plasma concentrations
of total cholesterol and LDL-cholesterol which were
no longer statistically different between the two
groups (data not shown).

As expected, when univariate correlation coeffi-
cients were computed, we found that increased body
fat mass and visceral AT area were associated with al-
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Fig.1. A Prevalence of normal glucose tolerance (NGT, )
and impaired glucose tolerance (IGT, M) states in subjects
with low and high visceral adipose tissue (AT) accumulation.
Significant difference between men with low vs men with high
visceral AT p < 0.001. B Prevalence of low (] < 130 cm?) and
high (M > 130 cm?) visceral AT accumulation in subjects either
characterized by NGT and IGT. Significant difference between
men with NGT vs men with IGT p < 0.001

tered indices of insulin-glucose homeostasis in the to-
tal group of men. Visceral AT was significantly relat-
ed to fasting insulin (r = 0.55, p < 0.0001), fasting glu-
cose (r=0.41, p <0.0001), areas under the curve of
insulin (r=0.57, p <0.0001) and glucose (r=0.53,
p <0.0001) and the Al :AGy, ratio (r=0.24,
p < 0.0001). Furthermore, increased amounts of vis-
ceral AT were also associated with altered lipopro-
tein-lipid profiles. Plasma lipid and lipoprotein values
varied according to visceral AT accumulation, irre-
spective of glucose tolerance status (Fig.2).

We did covariance analysis to investigate the con-
tribution of visceral AT area to the differences in the
lipid-lipoprotein variables found between men with
NGT and men with IGT (Tables 3, 4). After such an
adjustment for visceral AT, body fat mass was similar
between the two groups (Table 3). None of the differ-
ences in the indices of plasma insulin-glucose homeo-
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Table 2. Metabolic risk profile of men with NGT and men with
IGT

Men with NGT Men with IGT

(n=1284) (n =66)
Insulin-glucose homeostasis
Fasting glucose (mmol/1) 5.18 £0.39 5.72£0.58*
Fasting insulin (pmol/1) 72.5+47.1 120.0 £ 71.7*
Glucose area (x 10> mmol/l) 1.14+0.18 1.58 £ 0.14°
Insulin area (x 1073 pmol/l) 82.6 £57.5 145.4 £ 84.7*
Insulin resistance 169+11.2 30.6 £18.6
Beta-cell function 883.0£706.2 1132.2 £ 747.2°
Al : AGgy 175.9+128.3 152.1+93.6
2-h post-OGTT glucose 5.61+1.14 8.89 £0.70*
Lipid-lipoprotein profile
Cholesterol (mmol/l) 5.08 £ 0.88 5.54+0.72%
Triglycerides (mmol/l) 1.76 £1.01 234+1.11%
LDL-chol (mmol/l) 3.45£0.80 3.77£0.74°
HDL-chol (mmol/l) 0.99£0.23 0.94 +£0.19°
HDL,-chol (mmol/l) 0.32£0.17 0.26 £0.14°
HDL;-chol (mmol/l) 0.67£0.13 0.67 £0.11
Chol/HDL-chol 538+£1.51 6.14+£1.28*
ApoB (g/1) 1.02+0.24 1.16 £0.19°
LDL-apoB (g/1) 0.91£0.21 1.03+0.17
ApoAlI (g/l) 1.19+0.18 121+0.17

Chol = cholesterol. Insulin resistance from HOMA model =
(fasting insulin x fasting glucose)/22.5. Beta-cell function
from HOMA model = (20 x fasting insulin)/(fasting glucose
-3.5). Al : AGy, = insulin-glucose (0-30 min) ratio

2 significant difference between men with NGT vs men with
IGT p < 0.0005, °p < 0.02, ©p <0.001

Table 3. Physical characteristics of men with NGT and men
with IGT after adjustment for the area of visceral AT

Men with NGT  Men with IGT
(n=284) (n=606)

Age (years) 40.3+10.4 43.3+10.9*
BMI (kg/m?) 28.0+3.1 28.1+£33
Body fat mass (kg) 22.6+6.7 239+£7.1
Waist circumference (cm) 95.7+17.7 97.3+8.0
Waist-to-hip ratio 0.93+£0.05 0.95 £ 0.05*
CT abdominal AT areas (cn?)

Total 391.8+101.9 401.4 £106.7

Visceral 137.1 137.1

Subcutaneous 254.7+101.9 264.2 £106.7

2 significant difference between men with NGT vs men with
IGT p <0.05

stasis were, however, eliminated (Table 4), whereas
differences initially found in plasma triglycerides,
apoB, LDL-apoB, total cholesterol:HDL-cholesterol
ratio, HDL-cholesterol and HDL,-cholesterol were
no longer observed after adjustment for visceral AT
area.

We divided the group of men with NGT into three
subgroups to sort out the contribution of body fat and
visceral AT to the metabolic deterioration observed
in men with IGT. The first subgroup was men with a
BMI less than 25 kg/m? (non-obese controls). The
second subgroup was composed of men with a BMI
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Fig.2. Relationships between visceral AT area and plasma lev-
els of apolipoprotein B (A, r=0.42, p <0.0001), triglyceride
(B, r=0.46, p<0.0001), HDL-cholesterol (C, r=-0.32,
p <0.0001) and the ratio of cholesterol:HDL-cholesterol (D,
r=0.45,p <0.0001). ¥V NGT (n=284), ¥ IGT (n = 66)

of 25 kg/m? or more but with a low visceral AT accu-
mulation. The third subgroup was men with a BMI
of 25 kg/m? or more and a high visceral AT accumula-
tion. Groups were matched for fat mass on a group
basis to have similar body fat mass in the two groups
of overweight men with NGT and in the group of
men with IGT. As expected, the two groups of over-
weight men with NGT and men with IGT were char-
acterized by similar amounts of fat mass but these
three subgroups showed significantly higher fat mass
compared with the control group (Table 5). Further-
more, visceral obese men with NGT and men with
IGT showed a similar excess of visceral AT. Indices
of insulin-glucose homeostasis as well as variables of
the lipid-lipoprotein profile of men with IGT were
significantly different from control men with the ex-
ception of the ratio of Al;:AG;, as well as of
HDL;-cholesterol and apoAl concentrations (Ta-
ble 6). Significant differences in total cholesterol,
triglyceride, apoB and LDL-apoB concentrations as

200 300 400

Visceral AT area (cmz)

500

well as in the cholesterol:HDL-cholesterol ratio and
in all indicators of insulin-glucose homeostasis (ex-
cept beta-cell function) were observed between men
with IGT and men characterized by NGT and low
amounts of visceral AT. Finally, despite statistically
significant differences in indices of insulin-glucose
homeostasis (except beta-cell function), no differ-
ence in the plasma lipid-lipoprotein profile was ob-
served between men with IGT and men with NGT
and high amounts of visceral AT. It is also important
to note that for the same amount of visceral AT and
fat mass, and for a similar age, men with NGT and
men with IGT were not different in their plasma lipo-
protein profile although there were important differ-
ences in variables related to their insulin-glucose ho-
meostasis.

Discussion

Type II diabetes is a metabolically heterogeneous
condition and is invariably preceded by IGT [37]. In
this sense, IGT is not recognized as a disease in itself
but rather as a risk for future development of diabe-
tes [38, 39], despite that IGT can also be a marker of
CVD risk [40, 41]. Type 11 diabetes and IGT are asso-
ciated with an increased CVD risk [1-6, 42-45]. Some
recent studies have, however, suggested that the pri-
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Table 4. Metabolic risk profile of men with NGT and men with
IGT after adjustment for the area of visceral AT

Men with NGT Men with IGT

(n=284) (n =66)
Insulin-glucose homeostasis
Fasting glucose (mmol/l) 5211042 5.61 +£0.442
Fasting insulin (pmol/l) 7741 46.5 98.7 +48.7°
Glucose area (x 107> mmol/l) 1.15+0.15 1.53+0.16*
Insulin area (x 1073 pmol/l) 88.7£56.1 119.9 + 58.7¢
Insulin resistance 181+£11.3 253+£11.9*
Beta-cell function 926.2 £ 686.6 947.0+£719.2
Al : AGgy, 182.7+119.0 122.7 £ 124.8¢
2-h post-OGTT glucose 5.68+1.07 8.57+1.122
Lipid-lipoprotein profile
Cholesterol (mmol/l) 512+0.83 5.32+0.87
Triglycerides (mmol/l) 1.85+0.95 1.98 £0.99
LDL-chol (mmol/l) 3.48£0.79 3.63£0.82
HDL-chol (mmol/l) 0.98 £0.21 0.99 £0.22
HDL,-chol (mmol/l) 0.31£0.16 0.31£0.17
HDL;-chol (mmol/l) 0.67£0.13 0.68 £0.13
Chol/HDL-chol 5.50+1.36 5.64+£1.43
ApoB (g/l) 1.04+£0.22 1.09+0.23
LDL-apoB (g/1) 0.92 £0.20 0.97£0.21
ApoAl (g/l) 1.19+£0.18 1.21+0.19

Chol = cholesterol. Insulin resistance from HOMA model =
(fasting insulin x fasting glucose)/22.5. Beta-cell function
from HOMA model = (20 x fasting insulin)/(fasting glucose
-3.5). Al;, : AG4, = insulin-glucose (0-30 min) ratio

3 significant difference between men with NGT vs men with
IGT p < 0.0001, *p < 0.001, ©p < 0.0005

mary cause of macrovascular damage is not necessar-
ily hyperglycaemia [4, 46]. It has therefore been pro-
posed that other factors must be involved to explain
the increased CVD risk in hyperglycaemic states. A
recent study has reported that the prevalence of pe-
ripheral arterial disease was greater in subjects with
diabetes or IGT than subjects characterized by a
NGT. After adjusting for either systolic blood pres-
sure or plasma triglycerides, subjects with diabetes
or IGT no longer had a statistically significant higher
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risk of peripheral arterial disease than subjects with
NGT [46]. The authors concluded that increased
mean concentrations of triglycerides and systolic
blood pressure could help to explain the higher prev-
alence of peripheral arterial disease in diabetic and
IGT subjects than those having a NGT. Although a
dyslipidaemic state is frequently found in Type II dia-
betic patients and in subjects characterized by IGT, it
is also typically found among patients with visceral
obesity who have NGT [16-19, 47]. More specifically,
it has been reported that people with high amounts of
visceral AT are characterized by numerous deteriora-
tions of their lipid-lipoprotein profile [10, 16, 18,
48-50]. Insulin resistance is also a common feature
of visceral obesity [19, 35, 51, 52]. In this study, we
have shown that IGT had a high prevalence among
visceral obese men as 33 % of men with a visceral
AT accumulation equal or greater than 130 cm? were
characterized by IGT.

Subjects with IGT are frequently characterized
by high adiposity and especially by an increased
accumulation of visceral AT [8-10]. Our results
are in agreement with these previous findings as
IGT men were characterized by visceral obesity
compared with men with NGT. Furthermore, as
previously reported [11-14], we have shown that
subjects with IGT were characterized by a deterio-
rated lipid-lipoprotein profile compared with men
with NGT.

The main objective of our study was to verify
whether the increased visceral AT accumulation
found in men with IGT could explain the presence of
an altered lipid-lipoprotein profile. When we adjust-
ed for differences in visceral AT by covariance analy-
sis, all differences in the lipid-lipoprotein profile ob-
served between men with NGT and men with IGT
were eliminated. As the adjustment for visceral AT
accumulation also eliminated differences in body fat
mass between the two groups, we then compared

Table 5. Physical characteristics of the IGT and NGT men divided on the basis of BMI and visceral AT (VAT) areas

NGT
BMI < 25 BMI = 25 1IGT
(n=94) low VAT high VAT (n=57)
(n=58) (n=64)
Age (years) 350122 354+82 442 +75%0 47.0+9.1%°
BMI (kg/m?) 22.5+1.7 30.1£3.42 30.9 £3.32 30.9+3.2¢
Body fat mass (kg) 11.9+5.0 2784720 28.0 +7.0° 29.7+7.7°
Waist circumference (cm) 80.7+5.8 100.7 + 8.0 103.9 £ 8.23° 105.4 £ 8.6>°
Waist-to-hip ratio 0.86 £ 0.05 0.94 £0.05* 0.98 £0.05%P 0.99 £ 0.04%®
CT abdominal AT areas (cm?)
Total 190.5 £ 84.6 455.7+£127.9° 510.1+117.8*° 520.0 + 130.5%°
Visceral 69.5 +33.9 115.7 £29.72 194.0 + 32,420 186.0 + 53.12°
Subcutaneous 121.1 £ 58.7 340.1 £ 111.6* 316.2 £102.12 334.1 £102.4%

asignificantly different from NGT men with BMI < 25, p < 0.0001; ® significantly different from NGT men with BMI = 25 and low

VAT, p < 0.0001
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Table 6. Metabolic risk profile of the IGT and NGT men divided on the basis of BMI and visceral AT (VAT) areas

NGT
BMI <25 BMI = 25 IGT
(n=94) (n=57)
low VAT high VAT
(n=58) (n=64)

Insulin-glucose homeostasis
Fasting glucose (mmol/l) 5.02 £0.40 5.16 +0.35 5.32+0.28% 5.77 £0.57%b¢
Fasting insulin (pmol/1) 45.6+£22.1 84.0 £ 53.5* 99.6 + 53.2% 115.9 + 60.2%¢
Glucose area (x 107> mmol/l) 1.06 £0.17 1.16 £0.212 1.18+£0.15° 1.59 £ 0.1335¢
Insulin area (x 10~ pmol/l) 51.2+27.2 90.1 + 67.6 111.0 £ 58.5%° 143.3 £77.12b¢
Insulin resistance 10.3+£53 19.3+11.52 23.7 £13.0»b 30.0 £ 16,42-b-c
Beta-cell function 631.0+£333.7 1088.4 +£1210.0* 1105.6 £ 576.5* 1061.7 £ 549.4*
ALy : AGy, 1353+ 115.7 189.3£104.5* 222.6 £139.2* 149.4 + 80.3>¢
2-h post-OGTT glucose 516+1.13 5.54+0.98* 6.03 +1.02%° 8.90 + 0.70%¢
Lipid-lipoprotein profile
Cholesterol (mmol/1) 4.81+0.92 5.05+0.89 5.41 +£0.83%P 5.48 +0.58%P
Triglycerides (mmol/l) 1.18 £0.60 1.92 +£0.96° 2.49 +1.07%° 2.39+1.07%°
LDL-chol (mmol/1) 3.28 +£0.86 3.43+0.83 3.58 £0.81% 3.71 £0.63°
HDL-chol (mmol/l) 1.10+£0.22 0.94 £0.23% 0.89 £0.18* 0.92 +£0.18°
HDL,-chol (mmol/1) 0.42+0.17 0.28 £0.18* 0.24 £0.14* 0.25 £0.14*
HDL,-chol (mmol/l) 0.68+£0.12 0.66+0.13 0.65+0.12 0.67 £0.10
Chol/HDL-chol 0.92+0.23 1.02 £0.24* 1.14 £0.23% 1.16 £0.18%°
ApoBlgle 4.53£1.30 5.60 £1.51° 6.29 +1.34>° 6.19 +£1.28*°
LDL-apoB (g/l) 0.84£0.22 0.90 021 0.99 £ 0.21% 1.02 +0.15%P
ApoAl (g/l) 120+0.16 115020 1.18£0.15 120+0.17

Chol = cholesterol. Insulin resistance = (fasting insulin x
fasting glucose)/22.5, beta-cell function = (20 x fasting insu-
lin)/(fasting glucose —3.5), Als,: AGy, = insulin-glucose
(0-30 min) ratio; ? significantly different from NGT men with

four groups of men formed on the basis of visceral AT
area and fat mass. This comparison allowed the prop-
er study of the contribution of visceral AT area and
fat mass to the deterioration of the lipid-lipoprotein
profile.

Our results suggest that, over the range of glycae-
mia found in our subjects with IGT, high amounts of
visceral AT contributed more to the deterioration of
the plasma lipid-lipoprotein profile than circulating
glucose concentrations. As mentioned above, after
adjustment for the amounts of visceral AT, all differ-
ences initially found in the lipid-lipoprotein profile
between men with IGT and men with NGT were
eliminated despite fasting glucose and 2-h post-
OGTT glucose concentrations remaining significant-
ly higher in men with IGT. Our results provide new
information adding to an earlier report [12] that dif-
ferences in obesity (as estimated by the BMI) were
not sufficient to explain differences in lipid-lipopro-
tein profile suggesting that hyperglycaemia in itself
explains the residual differences in lipid-lipoprotein
profile between subjects with NGT and subjects with
IGT. Our study suggests that control for visceral AT
is a more powerful approach than adjustment for
BMI to explain the deteriorated plasma lipoprotein
profile of men with IGT.

The comparison of the four subgroups showed that
fat mass in itself could make a trivial contribution to

BMI < 25, p <0.01, Psignificantly different from NGT men
with BMI = 25 and low VAT, p < 0.01, °significantly different
from NGT men with BMI = 25 and high VAT, p < 0.01

the deterioration of the lipid profile found in men
with IGT compared with men characterized by a
NGT. For instance, when we compared a group of
men with NGT with low visceral AT accumulation
but with a similar body fat mass to men with IGT, no
difference in LDL-cholesterol as well as in HDL-cho-
lesterol and HDL,-cholesterol were observed. An in-
creased fat mass alone is therefore not sufficient to
explain most of the differences found in the lipopro-
tein profile between men with NGT and men with
IGT. Men with a high fat mass but with a low accumu-
lation of visceral AT had statistically significantly
lower levels of cholesterol, triglycerides, apoB,
LDL-apoB as well as lower cholesterol:HDL-choles-
terol ratios than men with a high visceral AT accumu-
lation (either characterized by NGT or IGT), all
these factors being recognized as important corre-
lates of the CVD risk [53]. Men with NGT matched
with men with IGT for fat mass and showing similar
amounts of visceral AT to them, had, however, a lip-
id-lipoprotein profile which was similar to men with
IGT, clearly showing the important contribution of
visceral AT to the deterioration of the lipid-lipopro-
tein profile observed in men with IGT.

Thus, viscerally obese men with NGT had a deteri-
oration of their lipid-lipoprotein profile similar to
men with IGT despite remaining differences in indi-
ces of insulin secretion and insulin resistance. For
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the same level of visceral fat, men with IGT were
characterized by a substantially lower Al;,: AG;, ra-
tio than subjects with NGT, suggesting that the de-
creased early insulin secretion in men with IGT is
probably mediated by additional factors more specif-
ic to the IGT state itself. In addition, for similar
amounts of abdominal visceral AT, subjects with
IGT continued to show higher concentrations of plas-
ma insulin than men with NGT but both groups be-
came similar for their lipid-lipoprotein profile. This
suggests that, in this study, the deteriorated lipid-lipo-
protein profile observed in men with IGT was more
closely the result of a concomitant increase in visceral
AT than of higher circulating insulin concentrations.
We have to acknowledge that although plasma insulin
concentration is a fair marker of insulin resistance in
NGT states, the relation between insulin concentra-
tion and insulin resistance is different and weaker in
IGT states. In other words, it is possible that a given
concentration of plasma insulin does not reflect the
same degree of insulin resistance in NGT compared
with IGT people. The interpretation of our results
for the respective contribution of visceral AT and in-
sulin resistance to the deterioration of the plasma lip-
id-lipoprotein profile found in men with IGT are lim-
ited because we did not directly assess insulin resis-
tance.

In our study, visceral AT appeared as an important
contributor to the deterioration of the plasma lipid-li-
poprotein profile observed in subjects with IGT. It is
known that IGT can be reversed by physical activity
on a regular basis, by using an appropriate diet or
symptomatically by a pharmaceutical agent for treat-
ment [54, 55]. In subjects with IGT, an improvement
in glucose homeostasis is desirable but it should also
be accompanied by an improved lipid-lipoprotein
profile to substantially reduce CVD risk. We believe
that weight loss, which is known to be associated
with a preferential visceral AT loss among people
with high amounts of visceral AT [56], can contribute
considerably to the improvement of the lipid-lipopro-
tein profile. A recent study has shown that reduction
in central abdominal fat (but not other body fat com-
partments) was associated with an improvement in
the lipid profile, independently of Type II diabetes,
suggesting that visceral abdominal fat loss is specifi-
cally related to such improvements [57]. Further-
more, visceral fat has been shown to be the most rele-
vant factor for metabolic abnormalities and the effect
of visceral AT on these variables to be independent of
BMI [50]. Finally, we believe that it is important to
identify people with IGT to prevent further aggrava-
tion of their hyperglycaemia and dyslipidaecmia. We
found, however, that men with NGT with amounts of
visceral AT similar to men with IGT had a similar de-
terioration in their lipid-lipoprotein profile. It seems,
therefore, that the identification of subjects with a
high accumulation of visceral AT, irrespectively of
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their glucose tolerance status, is critical. Accordingly,
it has been suggested that the measurement of waist
girth might be a good tool to identify subjects with
high visceral AT accumulation [58].

Our results suggest that, in subjects with IGT, the
increased visceral AT depot is a predominant factor
in the deterioration of the lipid-lipoprotein profile.
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