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HIGH DENSITY LIPOPROTEIN AND DIABETES MELLITUS

BY

Akira TaNaka, Isao UcHiMURA and Hidenori MAEzawa*

ABSTRACT

The serum HDL:-C, HDLs-C, apo Al and apo AII levels were measured in the non-insulin-
dependent diabetic subjects (NIDD) and normal subjects to study the metabolism of HDL in the
diabetics.

The serum HDL:-C levels in the insulin-treated group were significantly higher than those
in the normal group in which the total cholesterol (TC), triglyceride (TG), obesity index and age
were matched whereas there was no difference between the serum HDL:-C levels in the oral
agent-treated group or group treated by diet only and those in the normal group. These
suggest that insulin increases the HDL:-C levels and the increase of the HDL:-C levels is not
directly related to changes in the serum TC and TG levels, obesity index and age. No significant
differences in the serum apo AI and apo AII levels were found between the insulin group and
normal group. From these results it is suggested that in the insulin group the cholesterol/

apoprotein ratio in the HDL: is higher than that in the normal group.

The serum apo Al and apo AII levels were significantly lower in the diabetics with an
ischemic heart disease (IHD) than those in the diabetics without the IHD. The results show that
in the diabetics the apo Al and apo AII play an important role in preventing the development of

IHD.
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INTRODUCTION

A negative correlation between the se-
rum high density lipoprotein-cholesterol
(HDL-C) level and the incidence of athe-
rosclerotic disease has been demonstrat-
ed (Castelli et al. [1]; Miller et al. [2];
Gordon et al. [3]). Diabetics have a high-
er incidence of atherosclerotic disease
than the normal subjects (Kessler [4];
Garcia et al. [5]; Plumbo et al. [6]). There-
fore, the level of HDL:-C and HDLs-C,
the major subfractions of HDL-C in the
diabetics might be worthy of being

measured.

Hara et al. succeeded in developing for
the first time the method of determining
HDL:-C and HDLs:-C by high perfor-
mance liquid chromatography (HPLC),
using the aqueous gel permeation co-
lumns (Hara et al. [7]; Okazaki et al. [8]).
With this method, the HDL:-C and
HDL;s-C can be measured directly with a
small amount of whole serum (20ul) in
less than 50 minutes.

In the present study, the serum HDL.-
C and HDLs-C levels were measured in
the diabetics by the HPLC method to
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investigate the metabolism of the HDL
subfractions in the diabetics.

Apolipoprotein AI and AII (apo Al
and AII), the major protein components
of HDL, were also measured.

MATERIALS AND METHODS

Blood was obtained after overight fast-
ing from 119 normal subjects (53 males,
aged 42+13 yrs, M=SD; 66 females,
42+11 yrs) and 88 diabetics (42 males,
53+10 yrs; 46 females, 5513 yrs). Nor-
mal subjects, who had no abnormalities
in the serum triglyceride level (TG<160
mg/d{), serum total cholesterol level
(TC<250 mg/dl), plasma glucose level
(FPG<110 mg/dl), blood pressure
(BP<150/95 mmHg), ECG findings, liver
function and renal function, were obta-
ined. All diabetics were non-insulin-
dependent diabetic patients. Diabetics
were divided into three groups: Those
taking insulin; those on oral agents and
those on diet only.

The serum HDL:-C and HDLs-C levels
were determined by the new method
using HPLC. The serum lipoprotein was
resolved into VLDL, LDL, HDL: and
HDL: by HPLC (HLC805A, Toyo Soda
Mfg. Co., Tokyo) on the gel permeation
columns (TSK-GEL, Toyo Soda Mfg.
Co., Tokyo). The conditions of HPLC
were as follows: Columns, G4000SW
+G3000SW; eluent, 0.15mol/l NaCl;
flow rate, 0.6m//min; and temperature,
ambient. The serum (20 ul) was applied
to the G4000SW +G3000SW column sys-
tem. Cholesterol in the final column effl-
ent was monitored by measuring the
Asso, with the use of the enzymatic re-
agent kit (Determiner TC 555, Kyowa
Medix Co., Tokyo). The content of the
cholesterol in each fraction was calcula-
ted from the peak area of the elution
pattern of the cholesterol from the co-
lumns (Okazaki et al. [9]; Ohno et al

(10J).

The serum apo Al, apo AII and apo B
levels were determined by the single ra-
dial immunodiffusion method (Daiichi
Kagaku Co., Tokyo). The levels of the
hemoglobin A1 in the diabetics were me-
asured by the mini-column method.

REsuLTS

I. Relationship between apo A and
the subfractions of HDL-C in normal
subjects (Table 1)

In the normal subjects, HDL:-C show-
ed a positive correlation with apo Al
(r=0.43, p<0.01), while HDL3-C demon-
strated a positive correlation with apo Al
and apo AII as well (r=0.50, p<0.01).
LDL-C showed a positive correlation
with apo B (r=0.91, p<0.01).

II. Comparision of HDL:-C and HDLs-
C between each therapeutic group of
diabetics and normal group

The clinical characteristics of the di-
abetics used in this study are shown in
Table 2. Only the diabetics with normal
ECG findings were used in this study.
The serum TC and TG levels, obesity
index and age in the diabetics were high-
er than those in the normal subjects. The
serum TC and TG levels, obesity index
and age were matched between each di-
abetic group and normal group to ex-
clude the influence of these factors on
the levels of HDL-C (Table 3). In both
the males and females, the serum HDLe:-
C levels in the insulin group were signi-
ficantly higher than those in the normal
group, whereas there was no difference
between the serum HDL:-C levels in the
oral agent group or diet-only group and
those in the normal group (Table 3,
Fig.1, Fig.2). No diference was found
between the serum HDLs-C levels in each
therapeutic group of diabetics and those
in the normal group (Fig.1, Fig.2).

III. Comparision of apo AI and apo
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Table 1.

Correlation Between Apolipoproteins (Apo A,
Apo Al, Apo AII and Apo B) and Lipoprotein
Subfractions in Normal Subjects

n=50
APO-A APO-AI APO-AII APO-B

TG 0.11 0.10 0.13 0.54™

VLDL-C 0.09 0.06 0.16 0.48™

LDL-C 0.09 0.09 0.06 0.91
HOL-c | 0.55" | 0.56" | 0.32 -0.13
HDL:-C | (.40 0.43" 0.14 -0.26
HOL:-C | 0.537 [ 0.507 | 0.507 0.23

*P<0.05 #*xP<0.01

Table .2 Clinical Characteristics of Diabetics Without
Abnormal ECG Findings and Normal Subjects
Values are mean=SD. *Significantly
different from normal subjects

Table 3.

Diabetics Normal Sub jects
M F- M F
n=27 n=3 n=353 n =66
Age (yrs) 55+ 10* B7+12* 42+13 42+11
Obesit
l::;:(%) 10111 111+19%| 102+11 103+x12
FPG (mg/d¢) | 159+65 | 139142
Duration (yrs) 116 8+5
TC (mg/de) 199+38* | 212+x36* | 181+30 188+38
TG (mg/de) 108x55* | 119+91* 88+ 35 68+31

* Significantly different from normal subjects

Comparison of HDL:-C and HDLs-C Between Each Therapeutic Group

of Male Diabetics and TC, TG, Obesity Index and Age-matched Normal Group

Values are mean+S8D. *Significantly different
from normal group. OBIX: Obesity index

n Age TC TG OBIX HDL-C HDL ,-C HDL ,-C
(yrs) (mg/de) (mg/de) (%) (mg/d2) (mg/de) (mg/de)

Insulin 8| 5111 | 205+45 80+39 | —8k9 | *6519 | *40+16 | 25+7
Normal 12| 518 17729 81+39 | —8+6 48+ 17 23+14 | 25+ 4
Oral Agent| 7 | 60% 9 188424 | 12128 8x10 347 15+ 4 19£ 5
Normal 8 | 576 187428 | 119%43 611 39+ 9 1910 | 20+ 4
Diet only | 11 | 5610 | 19139 | 101452 1£9 48+13 2510 | 23+ 4
Normal 13| 53+9 178437 | 10032 210 4410 20t 6 24% 5
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P <0.05
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Fig.1. Comparison of HDL Subfractions Between Each Therapeutic
Group of Male Diabetics and TC, TG, Obesity Index and Age-
Matched Normal Group I: Insulin, O: Oral agent, D: Diet, N:
Normal Each figure of the bar represents the number of subjects.
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Fig.2. Comparison of HDL Subfractions Between Each Therape-
utic Group of Female Diabetics and TC, TG, Obesity Index,
and Age-Matched Normal Group I: Insulin, O: Oral agent, D:
Diet, N: Normal
Each figure of the bar represents the number of subjects.

AII between each therapeutic group of abetics used in this study are shown in
diabetics and the normal group Table 4. The serum TC and TG levels,
The clinical characteristics of the di- obesity index and age were matched be-
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Table 4. Clinical Characteristics of Diabetics Without Abnormal ECG
Findings and Normal Subjects Values are mean=SD.

Diabetics Normal Subjects
M F M F
n=38 n=34 n=25 n=25

Age  (rs)| 53+10*| 55+13*| 4448 4316
Oy %)| 104+16 | 11218 | 10147 105£10
FPG (me/at) | 148148 | 156%+44*| 93+7 89+7
HbAr  (%)|10.2+2.5|10.5£2.9
Duration(yrs) 9+7 1+6

TC  (me/at)| 200+46 | 224+36*| 183+£32 | 190+26
TG (me/at)| 108156 | 113x62*| 88%25 70+23

* Significantly different from normal subjects

Table 5. Comparison of Apolipoprotein AI and AIIl Between Each Therapeutic
Group of Male Diabetics and TC, TG, Obesity Index and
Age-matched Male Normal Group )
Values are mean=*SD.

Age TC TG 0oBIX Apo A Apo A1 Apo AT
" (yrs) (ng/de) (ng/do) (%) (ng/d0) (ng/de) | (ng/de)
Insulin 8 | 4749 | 17834 | 75%32 | 92411 | 16629 | 133+24 | 33%7
Normal 9 | 447 | 16622 | 71+28 | 93+ 3 | 15616 | 124+14 | 32+ 4
Oral Agent| 9 | 5814 | 21246 | 117458 | 10115 | 181%21 | 149+16 | 367
Normal 9 | 54+4 | 21031 | 11020 | 103+ 7 | 171424 | 138+£20 | 34* 6
Diet only | 12 | 5247 | 18831 | 10857 | 1059 | 180£51 | 14442 | 36%10
Normal 18| 50%7 | 19733 | 10517 | 1057 | 168+24 | 135420 | 33%+ 5

(I : insulin, O : oral agent, D : diet, N : normal)

mg/ di
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Fig.3. Comparison of Apo A, Apo Al and Apo AlI Between Each Therapeutic
group of Male Diabetics and TC, TG, Obesity Index and Age-matched
Normal Group
Each figure of the bar represents the number of subjects.
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P<0.05

P<0.05
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Fig.4. Comparison of Apo A, Apo Al and Apo AIl Among Normal
Subjects, Diabetics With and Without Ischemic Heart Disease
Each figure of the bar represents the number of subjects.

tween the normal group and each diabe-
tic group with normal ECG findings
(Table 5). No significant differences in
the serum apo AI and apo AII levels
were found between each therapeutic
group and the normal group (Table 5,
Fig.3).

Then the serum apo Al and apo AII
levels were compared between the diabe-
tics with and without an ischemic heart
disease (IHD). The serum apo AI and
apo AlI levels were significantly lower in
the diabetics with IHD than those in the
diabetics without THD (Fig.4).

The levels of hemoglobin A: had no
significant correlation with the serum
apo Al or apo AII levels.

DiscussiON

In the present study, serum HDL:-C,
HDLs-C, apo Al, apo All, and ago B
levels were measured in the non-insulin-
dependent diabetic subjects (NIDD) and
normal subjects to investigate the mata-
bolism of HDL in the diabetics.

In the normal subjects, HDL:-C show-
ed a positive correlation with apo AlI,
while the HDLs-C demonstrated a posi-
tive correlation with apo Al and apo AII
as well (Table 1). These findings suggest
that HDL: contains apo AI and HDLs
contains both the apo AI and apo AIL
Furthermore,the highly positive correla-
tion between the LDL-C and apo B
(r=0.91) suggests that apo B is a major
protein component of LDL.

The serum HDL2-C and HDLs-C levels
were compared between each therapeu-
tic group of diabetics and the TC, TG,
obesity index and age-matched normal
group. In both the males and females,
the serum HDL:-C levels in the insulin
group were significantly higher than
those in the normal group, whereas there
was no difference between the serum
HDL:-C levels in the oral agent group or
diet-only group and those in the normal
group (Fig.1 and Fig.2). It is suggested
that insulin increases the HDL:-C levels
and that the increase of the HDL:-C
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levels is not directly related to changes in
the serum TC and TG levels, obesity
index and age. And no significant dif-
ferences in the serum apo AI and apo
AII levels were found between the insu-
lin group and the TC, TG, obesity index
and age-matched normal group (Fig.3).
Apo Al and apo AII are approximately
90% of protein component of HDL.
Thus, from these results, it is suggested
that in the insulin group the cholesterol/
apoprotein ratio in the HDL: is higher
than that in the normal group. Further
investigation is necessary to clear the
meaning of - the increase of the
cholesterol/apoprotein ratio in the HDL:
in the insulin group.

In the earlier paper (Tanaka [11]) it
has been reported that the HDL:-C and
HDLs-C play an important role in pre-
venting the development of atheroscle-
rosis. Inthe present study the serum apo
Al and apo AII levels are significantly
lower in the diabetics with IHD than
those in the diabetics without IHD
(Fig.4). These results show that in the
diabetics the apo AI and apo AII also
play an important role in preventing
[HD.
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