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ABSTRACT

Backgrounds: Differences in serum lipids pro-
files in different type of glucose intolerance are
unclear. Aims: To characterize lipid profiles in
different type of glucose intolerance, and to as-
sess relationships between serum lipids profile
and disturbance of glucose metabolism in pre-
diabetic subjects. Methods: Using the measure-
ments in medical check-up with 75 goral glucose
tolerance test (OGTT), total of 620 male subjects,
who are not on medications for metabolic dis-
eases or hypertension, were divided into normal
fasting glucose and glucose tolerance (NFG/
NGT), isolated impaired fasting glucose (ilFG),
isolated impaired glucose tolerance (ilGT) and
combined IFG and IGT (IFG/IGT) based on re-
sults of the OGTT. Results: Age and body mass
index (BMI) were similar in the four groups. Ma-
tsuda index (an index of whole body insulin sen-
sitivity) was lower in ilFG, iIGT and IFG/IGT as
compared with NFG/NGT. Plasma insulin excur-
sion during the OGTT was significantly higher in
IFG/IGT versus NFG/NGT. Serum triglyceride
level (TG) and TG to HDL ratio (TG/HDL) were
higher in IFG/IGT versus NFG/NGT. Matsuda in-
dex was positively correlated with HDL and was
inversely correlated with TG, LDL, non-HDL, TG/
HDL and LDL to HDL ratio (LDL/HDL). Backward
stepwise multiple regression analysis indicated
that increases in BMI, plasma insulin level at 60
min (Plgo) and plasma glucose level at 120 min
in the OGTT were independently associated
with increases in TG and TG/HDL. Increases in
BMI and Plg, were related to an increase in non-
HDL and LDL/HDL and a decrease in HDL. Con-
clusions: These results indicate that postpran-
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dial hyperglycemia and hyperinsulinemia based
on advanced insulin resistance are closely re-
lated to lipid risk factors of atherosclerotic ma-
crovascular disease in prediabetic subjects.

Keywords: Atherosclerotic Lipids Profile; Impaired
Fasting Glucose; Impaired Glucose Tolerance;
Whole Body Insulin Resistance

1. INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of
death in patients with type 2 diabetes mellitus (T2DM)
[1]. Dyslipidemia, frequently occurring in T2DM pa-
tients, play a critical role in acceleration of macrovascu-
lar atherosclerosis and contribute to the excess risk of
CVD [2]. The dyslipidemia in T2DM is, in general, cha-
racterized by elevated triglycerides (TG), reduced high
density lipoprotein (HDL) cholesterol, and predominant
presence of small dense low density lipoprotein (sdLDL)
particles [3]. Apparently similar abnormalities in serum
lipid profiles have been observed in the prediabetic indi-
viduals, and the abnormalities are mainly attributed to
the obesity, hyperinsulinemia and glucose intolerance [4,
5]. However, “prediabetes” does not indicate a homoge-
nous group of subjects.

A prediabetic state, impaired glucose tolerance (IGT),
is an intermediate state in transition from normal glucose
tolerance to T2DM. IGT subjects frequently progress to
T2DM with 6-fold increase in annualized relative risk
when compared with normal glucose tolerance [6]. In
1997, the American Diabetes Association (ADA) addi-
tionally introduced impaired fasting glucose (IFG) as
another intermediate state in transition from normal glu-
cose tolerance to T2DM [7], and its diagnostic criteria
was revised in 2003 [8]. IFG was meant to be analogous
to IGT, and their annualized relative risks for progression
to T2DM are 4.7-fold compared with normal glucose
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tolerance. Furthermore, this relative risk is increased by
12-fold when both IFG and IGT are overlapped in pre-
diabetic subjects [6].

Meanwhile, it has been shown that IGT is strongly as-
sociated with increase in CVD events and mortality,
whereas the association is somewhat less for IFG [9,10].
A possible explanation for the difference between IGT
and IFG in level of association with CVD is differences
in serum lipids profile in addition to the differences in
plasma peak levels of glucose and/or insulin. However,
this issue has not been closely examined. Besides, recent
studies reported new indices for characterizing lipid pro-
files relevant to CVD. Several studies have demonstrated
that non-HDL cholesterol is a better predictor of CVD
than the Low density lipoprotein (LDL) cholesterol con-
centration [11,12]. The ADA, American College of Car-
diology (ACC), and ATP 11l recommended targeting LDL
first, with non-HDL as a secondary target [13,14]. In
addition, TG to HDL ratio (TG/HDL) has been shown to
indicate the presence of sdLDL particles and could serve
as a good predictor of coronary heart disease (CHD) [15,
16]. LDL to HDL ratio (LDL/HDL) was also found to
predict CHD as do total cholesterol (TC) to HDL ratio
(TC/HDL) and ApoB/ApoA-1 ratio [17,18]. However,
effects of different types of glucose intolerance on non-
HDL, TG/HDL and LDL/HDL are unclear.

The aim of this study was two-fold. One was charac-
terization of lipid profiles including non-HDL, TG/HDL
and LDL/HDL in each category of glucose intolerance
(i.e., isolated IFG, isolated IGT and combined IFG and
IGT). Another aim was to determine relationships be-
tween serum lipid profiles with plasma glucose/insulin
and insulin resistance.

2. METHODS
2.1. Study Subjects

We have been carrying out a medical examination and
epidemiological investigation of cardiovascular disease

in the towns of Tanno and Sobetsu, Hokkaido, Japan [19].

The protocol of the present study was approved by the
Ethics Committee of Sapporo Medical University, and all
of the study subjects gave informed consent for inclusion
in the present investigation. From 2027 citizens, who had
received measurements of anthropometry and undergone
medical examination, including 75 g oral glucose toler-
ance test (OGTT), we selected male subjects by exclu-
sion of subjects on medications known to affect glucose
tolerance, serum lipid levels or blood pressure and sub-
jects with a history of diabetes. We further selected 620
subjects, whose plasma glucose (PG) at time 0 min (PGg)
and 120 min (PG1y) during the OGTT was less than 126
mg/dl and 200 mg/dl respectively, and serum TG level
was less than 400 mg/dl (for the calculation of LDL level
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using the Fried wald equation). According to 2003 ADA
criteria, study subjects were classified into NFG/NGT
(PGp < 100 mgl/dl and PG, < 140 mg/dl, n = 499), iso-
lated IFG (ilFG: PGy = 100 - 125 mg/dl and PG, < 140
mg/dl, n = 63), isolated IGT (ilIGT: PG, < 100 mg/dl and
PGy = 140 - 199 mg/dl, n = 29) or, combined IFG and
IGT (IFG/IGT: PGy = 100 - 125 mg/dl and PGy, = 140 -
199 mg/dl, n = 29). In the present study, we did not in-
clude female subjects in order to exclude the effect of age-
dependent differences in sex hormone levels, especially
pre- and post-menopausal differences, on the glucose and
lipids metabolism.

2.2. Determination of Metabolic Parameters

Each study subject received medical history taking,
physical examination, EKG, standard blood tests (com-
plete blood count and serum biochemistry) and the
OGTT. All subjects had been advised to fast at least 10
hours before the OGTT.

In the OGTT, after baseline blood sampling, 75 grams
of glucose was orally administered and blood was sam-
pled at 60 and 120 minutes after the glucose loading for
measurement of PG and plasma insulin (PI). Serum TC,
TG and HDL concentrations were measured enzymati-
cally. LDL was calculated from TC, TG and HDL using
the Fried wald equation. PG was measured by the glu-
cose oxidase method, and Pl was measured using RIA
beads (Dainippon Sumitomo Pharma, Osaka, Japan). An
index of insulin sensitivity, Matsuda Index
{=10000/[(PGy  Ply) x (mean PG x mean PI)]“?} [20]
were calculated by data from the OGTT.

2.3. Statistical Analysis

Statistical analysis was performed with Stat View for
Windows, v 5.0 (SAS Institute Inc., Cary, NC). Com-
parison of data between groups was performed using
analysis of variance with Scheffe’s post hoc testing
when appropriate. Comparisons over time during the OG-
TT between groups were made by using repeated-mea-
sures analysis of variance. Stepwise multiple regression
analysis was performed to examine the multiple corre-
lations among variables. All data are presented as mean
value + standard deviation (SD) except that some data
in figures are shown as mean value + standard error
(SE). p value less than 0.05 was considered statistically
significant.

3. RESULTS

3.1. Demographic Profiles in Study Subjects
Categorized by Glucose Tolerance

As shown in Table 1, there was no significant diffe-
rence in age or body mass index (BMI) between NFG/
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Table 1. Demographic and serum lipids characteristics of study participants.

NFG/NGT ilFG iIGT IFG/IGT
n 499 63 29 29
age (y.0) 59 +11 59+9 61+9 62+11
BMI (kg/m?) 23+28 239+3.1 227+28 244427
SystolicBP (mmHg) 126 + 16 131+ 19 141 + 20° 135+ 17
DiastolicBP (mmHg) 76+9 77+11 80+9 79+11
Total cholesterol (mg/dl) 184 £ 29 189+ 31 189 + 29 186 + 31
Triglycerides (TG) (mg/dl) 128 + 64 139+ 73 132 +53 173 +72%
HDL cholesterol (mg/dl) 53 + 14 55 + 14 52+ 15 49+12
LDL cholesterol (mg/dl) 105 + 27 106 + 27 110 £ 32 102 + 27
Non-HDL cholesterol (mg/dl) 131+31 134+ 32 137+ 35 137 £ 30
TG to HDL ratio (TG/HDL) 27+19 28+19 28+14 40+25
LDL to HDL ratio (LDL/HDL) 22+09 21+08 24+12 22+07

Data are means + S.D; ®p values < 0.01 versus NFG/NGT analyzed by ANOVA.

NGT, ilFG, ilGT and IFG/IGT. By definition, subjects
with iIFG and IFG/IGT had significantly higher PGq
level (105 + 5 and 109 + 7 mg/dl, respectively) compared
to NFG/NGT (86 £ 8) and ilGT (93 % 6), and subjects
with iIGT and IFG/IGT had significantly higher PG,
level (158 + 17 and 158 + 13) compared to the NFG/
NGT (101 £ 13) and ilFG (120 + 9) (Figure 1). PGq in
iIGT and PGy in ilFG were also significantly higher
than those in NFG/NGT. PGg levels in ilGT (198 + 35)
and IFG/IGT (219 * 32) were significantly higher than
those in ilIFG (158 + 32) and NFG/NGT (129 + 28), and
the PGgp in ilFG was higher in compared with NFG/NGT.
PG excursions during the OGTT were significantly
greater in order of NFG/NGT, ilFG, ilGT and IFG/IGT
(Figure 1). Plyy levels in ilGT (46 £ 33 mU/I) and IFG/
IGT (39 = 24) were significantly higher than that in
NFG/NGT (24 + 20), and the Pl level in ilGT was
higher also as compared with ilFG (29 + 31). PI excur-
sion during the OGTT in IFG/IGT was significantly
greater than in NFG/NGT (Figure 1).

3.2. Insulin Sensitivity, Lipid Profile and
Categories of Glucose Intolerance

Matsuda index, a measure of whole body insulin sen-
sitivity, was significantly reduced in all three categories
of glucose intolerance (ilFG: 6.7 £ 4.3, ilGT: 6.3 £ 3.2,
IFG/IGT: 5.0 £ 3.1) compared with NFG/NGT (9.9 + 6.4)
as shown in Figure 2.

TG and TG/HDL were significantly higher in IGT/IFG
than in NFG/NGT (Table 1). However, there were no
significant differences in HDL, LDL, non-HDL or LDL/
HDL among the four groups of subjects.

Copyright © 2012 SciRes.

3.3. Relationships between Insulin
Sensitivity and Serum Lipids

Matsuda index correlated inversely with TG, LDL,
non-HDL, TG/HDL and LDL/HDL and positively with
HDL (Figure 3).

In backward stepwise regression analysis using age,
BMI, PGg, PGgy, PGiz, Plg, Plg and Plyy during the
OGTT as independent variables (Table 2), increases in
BMI, PGy and Plgy levels were independently corre-
lated with increase in TG and TG/HDL. BMI and Plg
were also correlated negatively with HDL and positively
with non-HDL and LDL/HDL. In contrast to Plgg, Ply
correlated negatively with TG, non-HDL, TG/HDL and
LDL/HDL, and positively with HDL. Only increased
BMI was a positive predictor of increased LDL.

4. DISCUSSION

Matsuda index was lower in ilFG, ilGT, and IFG/IGT
than in NFG/NGT with greater reduction in IFG/IGT.
Matsuda index, the relatively recently developed index
of insulin sensitivity [20], is strongly correlated with in-
sulin-stimulated total body glucose disposal during the
euglycemic insulin clamp, which reflects whole body
insulin sensitivity [20]. The present results indicate that
both ilFG and ilGT are associated with whole body insu-
lin resistance respectively, although plasma glucose level
after glucose loading in ilFG and fasting plasma glucose
level in iIGT are nearly similar as that in NFG/NGT re-
spectively. Furthermore, IFG/IGT is characteristically as-
sociated with the more advanced whole body insulin
resistance.
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Table 2. Multiple regression analyses for serum lipids concentration and blood pressure.

275

Dependent Variables Independent Variables Standard Coefficient Standard Error p value
BMI 0.213 0.948 <0.0001
. . PGi20 0.105 0.119 0.0069
Triglycerides (TG)
Plo —-0.090 0.473 0.0279
Pleo 0.175 0.076 <0.0001
BMI -0.251 0.198 <0.0001
HDL cholesterol Plo 0.158 0.099 0.0001
Pleo -0.163 0.016 0.0001
LDL cholesterol BMI 0.173 0.378 <0.0001
BMI 0.245 0.454 <0.0001
Non-HDL cholesterol Plo -0.092 0.228 0.0266
Pleo 0.132 0.036 0.0020
BMI 0.238 0.027 <0.0001
TG to HDL ratio PGz 0.089 0.003 0.0202
(TG/HDL) Pl -0.129 0.013 0.0014
Plego 0.220 0.002 <0.0001
BMI 0.239 0.013 <0.0001
LDL to HDL ratio
(LDL/HDL) Plo -0.117 0.007 0.0048
Pleo 0.239 0.013 0.0004
Evaluated parameters: age, gender, BMI, plasma glucose and insulin concentrations at time 0, 60 and 120 minutes during 75 g OGTT (PGo; PGeo; PG120, Plo;
Pleo; Pli20).
Plasma Glucose Plasma Insulin Matsuda Index
240 70
200 Y p<005 '
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~180 N e D J & TN RIIGT P <0.01
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1001 &< NFG/NGT
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0= 60 120 "7 6 120
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Figure 1. Plasma glucose and insulin in 75 g OGTT. Plasma
glucose (PG) and plasma insulin (PI) concentrations during 75
g OGTT in four categories of glucose tolerance. NFG/NGT = 4
normal fasting glucose and normal glucose tolerance, iIFG =
isolated fasting glucose, iIGT = isolated glucose tolerance,
IFG/IGT = impaired fasting glucose and impaired glucose tol- 2
erance. Mean £ SE. a, b, c: p < 0.01 compared with NFG/NGT,
ilFG, and ilGT respectively. “p < 0.01 vs. NFG/NGT; “p <
0.01 vs. NFG/NGT or ilFG; ™ p < 0.01 vs. NFG/NGT, ilFG or 0
- - - # - -
p< S
iIGT in PG excursion; "p < 0.05 vs. NFG/NGT in PI excursion. \é& ,§6 © \cﬁ
<© S

IFG/IGT showed characteristic serum lipid profile as
compared with other types of prediabetes. TG level and
TG/HDL were significantly higher in IFG/IGT but not in
ilFG or ilIGT compared to NFG/NGT. Increase in
TG/HDL is reportedly a good indicator of increase in
sdLDL particle [15,16,21]. Hence, the lipid profile in
IFG/IGT appears to be very similar to “diabetic dyslipi-
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Figure 2. Whole body insulin sensitivity (Mat-
suda index) in four categories of glucose tol-
erance. NFG/NGT = normal fasting glucose
and normal glucose tolerance; iFG = isolated
fasting glucose; iIGT = isolated glucose tole-
rance; IFG/IGT = impaired fasting glucose
and impaired glucose tolerance. Mean + SE.
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Figure 3. Relationships between whole body insulin sensitivity (Matsuda index) and lipids profile. Serum lipid pa-
rameters were plotted against Matsuda index. Matsuda index was inversely correlated with TG, LDL, non-HDL, TG/

HDL and LDL/HDL and positively correlated with HDL.

demia” in T2DM which is characterized by elevated TG,
reduced HDL and predominant presence of sdLDL [3].
As for mechanism of the elevation of TG and TG/HDL
in IFG/IGT, it is notable that plasma insulin excursion
during the OGTT (Figure 1) and insulin resistance as-
sessed by Matsuda index (Figure 2) were most advanced
in this category of prediabetes. It has been suggested that
insulin resistance can play a pivotal role in the develop-
ment of diabetic dyslipidemia [22]. When adipocytes be-
come insulin resistant, plasma concentration of free fatty
acids (FFAs) rises as a result of increased intracellular
hydrolysis of TG in adipocyte [23]. The elevated levels
of plasma FFAs and resultant increased flux of FFASs to
liver and muscle, inhibit for insulin to suppress hepatic
glucose production and to stimulate skeletal muscle glu-
cose uptake [24]. The increased flux of FFAs, glucose
and insulin into liver can induce overproduction of TG-
rich VLDL (“large VLDL") particles. As an additional
mechanism of hypertriglyceridemia, VLDL clearance is
impaired as a result, in part, of reduced plasma lipopro-
te in lipase activity [25,26]. Increase in large VLDL par-
ticles promotes cholesterol ester-TG exchange between
VLDL and LDL by cholesteryl ester transfer protein
(CETP), producing TG-enriched and cholesterol poor
LDL [24]. The TG-enriched LDL becomes a good sub-
strate for hepatic lipase, and the hydrolysis of LDL-TG
produce sdLDL particles. In addition, CETP transfers
large amounts of TG from TG-rich VLDL to HDL in
exchange for HDL cholesteryl ester, which modifies nor-
mal HDL metabolism, function and plasma HDL con-
centration [23]. These modifications of lipid metabolism
by FFAs and insulin resistance are consistent with the
present observation that lipid profile in IFG/IGT subjects,
who were more insulin resistant compared with ilFG and
iIGT, is similar to the profile of diabetic dyslipidemia.
Matsuda index was significantly correlated with TG,
HDL, LDL, non-HDL, TG/HDL and LDL/HDL (Figure
3). To get further insight into these correlations, we per-

Copyright © 2012 SciRes.

formed multiple regression analysis to define variables
which best predict the presence of abnormal lipid pro-
files in prediabetic subjects (Table 2). As expected, BMI
positively correlated with TG, LDL, non-HDL, TG/HDL
and LDL/HDL and did inversely with HDL. Interestingly,
correlations of Plgy with TG, HDL, non-HDL, TG/HDL
and LDL/HDL were diametrically opposite to those of
Ply. Pl correlated positively with TG, non-HDL, TG/
HDL and LDL/HDL whereas Pl, did inversely with these
parameters. In addition, the positive associations of
PGy with TG and TG/HDL were also observed. These
results suggest that elevation of postprandial levels of
plasma glucose and insulin based on whole body insulin
resistance contribute to atherogenic lipids profile.

There are limitations in the present study. First, the
present study had a cross-sectional design and we mea-
sured concentrations of serum lipids and plasma glucose
and insulin during the OGTT only once, and thus we
cannot exclude potential biases. Second, since the study
sample is from only male Japanese, it is not clear whe-
ther the present finding can be generalized to other popu-
lation.

In conclusion, the advanced whole body insulin resis-
tance and resultant postprandial hyperinsulinemia and
hyperglycemia may contribute to fundamental metabolic
abnormalities leading to atherosclerotic cardiac events in
prediabetic subjects.
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