10

[J Tokyo Wom Med Univ
69 (5) 240~244 (1999)

Relationship between Apo E Phenotypes and Dyslipidemia

in the Patients with Non-Insulin Dependent Diabetes Mellitus

Reiko KAWAHARA, Noriko NAGASE,
Chizuru WATANABE and Yasuhiko IWAMOTO

Diabetes Center, Tokyo Women's Medical University

(Received Dec. 21, 1998)

Effects of apo E phenotypes on dyslipidemia in NIDDM patients were evaluated. Apo E pheno-
types were determined by isoelectric focusing and immunoblotting techniques in 398 patients with
NIDDM, including 255 males and 143 females. Apo E phenotypes were classified into three types: E2,
E3 and E4. Blood lipid levels, apolipoproteins and Lp (a) were compared between the three groups.
Statistical analyses were conducted using Mann—Whitney’s U test and the multiple logistic regres-
sion analysis.

The incidence of apo E phenotypes was as follows: 8.8% for E2, 74.4% for E3 and 16.8% for EA4.
Mean TG levels and apo E concentrations were higher in patients with apo E2 than those with apo
E3, but LDL-C levels and LDL-C/HDL-C ratio were significantly lower in the former than the latter.
The odds ratio for high LDL-C (LDL-C=250 mg/dl) and high Lp (a) (Lp (a) =30 mg/dl) were lower
in patients with apo E2 than in those with apo E3 (0.06, 0.35 respectively). Similar patterns were ob-
served in patients treated with lipid lowering agents. Relative risk of LDL-C and Lp (a) levels was sig-
nificantly higher in patients with apo E4 than in those with E3 (odds ratio: 1.20 and 1.97, respec-
tively).

These findings suggest that apo E2 has favorable effects on dyslipidemia in NIDDM patients, while

apo E4 has unfavorable effects.

Introduction

Many studies have been conducted on the rela-
tionship between apo E genes and plasma lipid
levels and arteriosclerosis since Utermann et al’
reported that type III hyperlipidemia is related to
apo E2/2 in 1975. However, whether apo E phe-
notypes are related to arteriosclerosis in diabetic
patients remains a controversial issue. In the pre-
sent study, therefore, we evaluated effects of apo
E phenotypes on dyslipidemia in NIDDM pa-

tients.

Subjects and Methods

Included in the present study were 398 NID-
DM outpatients treated in our center, including
255 males and 143 females. Antidiabetic therapy
consisted of diet therapy alone in 136 patients,
oral hypoglycemic agents in 143, and insulin in
121. In the assessment of renal function, the diag-
nosis of normoalbuminuria was made if the
amount of albumin in the first urine sample taken
early in the morning was less than 12 mg/g * Cr

(n=189), microalbuminuria if it was 12~250 mg/
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Table 1 Clinical characteristics of NIDDM patients by apo E phenotypes

E2 E3 E4

Number (%) 35(8.8) 296 (74.4) 67(16.8)
Age (yrs) 583+ 21 583 = 0.6 604 £ 1.2
BMI (kg/m?) 238 £ 06 236 = 0.2 236 £ 04
Systolic Bp (mmHg) 1359 = 39 1377 = 1.2 1352 * 23
Diastolic Bp (mmHg) 780 £ 19 80.1 = 0.7 782 + 16
Fasting plasma glucose (mg/dl) 159.8 = 109 1569 + 3.1 1473 = 5.2
HbAic (%) 71+ 03 74 = 0.1%* 6.8 = 0.2%
Retinopathy [simple/proliferative] (%) 5/7(14.3/20.0) 59/76(20.0/25.8) 17/14(25.4/20.9)
Albuminuria [micro/macro] (%) 11/9(31.4/25.7) 83/64(28.1/216) 24/18(35.8/26.9)
Vascular events (%) 11(314) 95(32.1) 24(35.8)
Hypertension (%) 12(34.3) 103(34.8) 26(38.8)
Lipid-lowering therapy (%) 9(25.7) 73(24.7) 20(29.9)

Data are means * SE.  *: p<0.05 apo E3 vs E4. Number in parenthesis is percent of patients.

g * Cr (n=118), and macroalbuminuria if persis-
tent proteinuria and renal failure were present (n
=91). Fasting blood glucose, HbA.., cholesterol
(TC) , triglyceride (TG) , HDL-cholesterol (HDL-
C), apo A-I, apo B, apo E and Lp(a) levels were
also determined using venous blood samples col-
lected from diabetic patients early in the morn-
ing.

Apolipoprotein measurement used Turbidl-
metric Immunoassay (Daiichi-kagakuy, Japan) . Lp
(a) levels were measured by ELISA using a kit
supplied by Biopool (Sweden) . Apo E phenotypes
were determined by immunoblotting techniques
after polyacrylamidegel isoelectric focusing using
Phenotyping Apo E (Joko, Japan). Apo E was
classified into three groups: E2 (2/2 and 2/3), E3
(3/3) and E4 (3/4 and 4/4) . Whether there were
significant differences between these three types
in blood lipid levels was evaluated. Subjects with
apo E2/4 phenotype could not be assigned to any
of the groups and were therefore excluded from
further analysis. LDL-cholesterol (LDL-C) was cal-
culated by Friedewald's formula.

Multiple inter-group comparison was under-
taken using Kruscal-Wallis' rank test. This was
followed by Mann—Whitney's U test if significant
differences were found at p<0.05. Multiple logistic

regression analysis was conducted to compare
three apo E phenotypes and lipid levels adjusted
for various factors (sex, age, duration of diabetes,
body mass index (BMI) , blood glucose control, re-
nal function, and the use of lipid-lowering drugs).
Relative risk (odds ratio) of apo E2 and E4 with
respect to apo E3 was calculated. All statistical
analysis was carried out using SAS.
Results

The incidence of apo E2, E3 and E4 in NIDDM
patients was 8.8% (35/398) , 74.4% (296/398) and
16.8% (67/398), respectively. Clinical features of
patients with apo E2, E3 and E4 are shown in Ta-
ble 1. Age, BMI, blood pressure and fasting
plasma glucose levels were comparable in the
three groups, but HbA, was higher in patients
with apo E3 than in those with apo E4 (p<0.05).
There were no significant differences between
the three groups in the percentage of patients
with simple or proliferative retinopathy and
those with microalbuminuria or macroalbumin-
uria. The percentages of patients with hyperten-
sion, those treated with lipid lowering agents and
those with arteriovascular disease were compara-
ble in all three groups.
 Plasma lipid levels, apolipoprotein, LDL-C -
HDL-C ratio, apo B * apo A-I ratio and Lp (a) were
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Table 2 Comparison of serum lipids, apo-lipoproteins and Lp(a) in NIDDM patients with apo E2, E3 and

E4 phenotypes

p-value
E2 E3 E4
E2 vs. E3 E4 vs. E3
Total cholesterol (mg/dl) 2119 =+ 61 2155 + 24 2140 *= 54 ns ns
Triglyceride (mg/dl) 1881 + 238 1455 = 65 1891 + 270 0.05 ns
LDL-cholesterol (mg/dl) 1269 += 63 1398 = 23 1383 = 50 0.05 ns
HDL-cholesterol (mg/dl) 514 = 30 493 = 09 457 = 18 ns ns
Apo A-I (mg/dl) 1384 + 56 1200 = 16 1264 = 32 ns ns
Apo B (mg/dl) 1077 = 63 1132 = 21 1191 *= 51 ns ns
Apo E (mg/dl) 72 £ 07 54 = 01 61 = 05 0.002 ns
LDL-C/HDL-C 257 £ 018 307 £ 008 317 = 014 0.02 ns
Apo B/Apo A-1 082 £ 006 091 = 002 097 = 004 ns ns
La(a) {mg/dl) 234 £ 31 327 = 16 247 = 24 0.05 005

Data are means = SE.

Table 3 Adjusted relative risks (and 95% confidence intervals) for apo E
phenotypes for selected risk factors among NIDDM patients

all patients

with lipid-lowering therapy

Numbers 398 102
LDL-cholesterol > 150 mg/dl

E2 0.06 (0.0076 ~ 0.45) 0.09(0.011 ~ 0.89)

E3 1.00 1.00

E4 1.30(0.69 ~ 2.40) 1.20(0.38 ~ 3.50)
Lipoprotein (a) > 30 mg/dl

E2 0.35(0.13 ~ 0.94) 0.54(0.0055 ~ 0.54)

E3 1.00 1.00

E4 0.55(0.28 ~ 1.10) 1.97(0.53 ~ 7.30)

Apo E2/E3 amd E4/E3 odds ratios were calculated after adjustment for sex, age,
duration of diabetes, BMI, blood glucose control, renal function and use or non-use of lipid
lowering agents. Only statistically significant findings obtained with respect to serum

lipids and apoproteins are shown.

compared between the three groups (Table 2).
TG and apo E levels were significantly higher but
LDL-cholesterol levels and the LDL-C/HDL-C ra-
tio were significantly lower in patients with apo
E2 than in those with apo E3. However, there
were no significant differences between patients
with E3 and those with E4 in any of these pa-
rameters. Lp (a) levels were significantly higher
in patients with E3 than in those with E2 and E4
(p<0.05).

Multivariate analyses were conducted using a
logistic regression model in order to determine

the degree to which apo E phenotypes are re-

lated to arteriosclerosis-related lipids. Only statis-
tically significant findings are presented in Table
3. Overall, risk of LDL-C levels higher than 150
mg/dl was much lower (0.06) in patients with apo
E2 than in those with apo E3. Risk of Lp (a) higher
than 30 mg/dl was also significantly smaller
(0.35) in the former than in the latter. Further-
more, similar findings were obtained in patients
with lipid lowering therapy (odds ratio: 0.09 for
LDL-C and 054 for Lp(a)). On the other hand
risk of LDL-C and Lp (a) increasing above 150 mg
/dl and 30 mg/dl, respectively, was significantly
higher in hypolipidemic agent-treated patients
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with apo E4 than in those with apo E3 (odds ratio:
1.20 for LDL-C and 1.97 for Lp(a) ).
Discussion

The incidence of apo E genes polymorphism
has been reported to be comparable in diabetics
and non-diabetics among Japanese”. In the pre-
sent study, the incidence of apo E phenotypes de-
termined in NIDDM was consistent with their re-
ports”. Although patients with apo E2 account
for only several present of the total, E2 is be-
lieved to be liable to impair catabolism of TG-rich
lipoprotein due to low affinity with LDL recep-
tors”. According to Eto et al”, the incidence of
type III hyperlipidemia (associated with remnant
accumulation) and type IV hyperlipidemia (asso-
ciated with VLDL accumulation) is high among
diabetic patients with apo E2, and fasting blood
glucose and HbA.. levels increase in apo E2 pa-
tients with hyperlipidemia. In our study, the inci-
dence of hyperlipidemia, as well as fasting blood
glucose and HbA . levels, in apo E2 patients were
comparable to those in apo E3 and E4 patients.
However, mean TG and apo E levels were higher
in E2 patients than in E3 patients.

Most investigators believe that apo E4 is re-
lated to atherosclerotic diseases. Dallongeville et
al’ conducted meta-analysis of 45 population sam-
ples (14,799 persons) from 17 countries and re-
ported that higher cholesterol and TG levels and
lower HDL-C levels were found in persons with
e4/€3 genotype than with €3/e3 genotype, sug-
gesting that apo Ee4 allele may increase cardio-
vascular risk. In the diabetic patients, apo €4 al-
lele is also reported to increase TC levels® and
unlikely to respond to diabetic therapy”. Our
findings also showed that LDL-C levels are liable
to increase in NIDDM patients with apo E4 and
that the risk of Lp(a) elevation to =30 mg/dl is
about twice as high in NIDDM patients with E4
treated with lipid lowering agents as in those
with E3. It is therefore necessary to control both

13

TC and blood glucose levels in NIDDM patients
with apo E4¥.

Whether apo E 2 contributes to the progres-
sion of arteriosclerosis is a controversial issue.
According to Horita et al”, TG-rich lipoprotein
and remnant are likely to accumulate in patients
with apo E2, resulting in aggravation of abnormal
lipid metabolism in the presence of diabetic renal
insufficiency. Our findings obtained in the pre-
sent study showed, however, that LDL-C and Lp
(a) levels are less likely to increase significantly
in patients with E2 than those with E3, suggest-
ing that E2 may inhibit risk factors of arterioscle-
rosis. Recently, Ukkola et al'® reported that apo
E2 may have beneficial effects on micro and
macrovascular complications in NIDDM patients.
Groop et al'¥ also found that decreases in LDL-C
and increases in HDL-C occur in the presence of
apo E2 allele in type I diabetic patients with
nephrosis and suggested that the presence of apo
E2 allele may protect dyslipidemia.

In patients with lipid lowering therapy in the
present study, the LDL-C and Lp(a) odds ratio
was significantly lower in patients with E2 than
in those with E3, but was higher in those with E4.
Ordovas et al'”” reported that pravastatin shows
greater inhibitory effects in patients with apo E2
allele because these patients have greater HMG-
CoA reductase activity in the liver. Therefore,
the lower LDL-C levels in patients with apo E2 in
our study may be partly due to greater sensitiv-
ity of these patients to pravastatin effects.

Further studies are necessary in order to de-
termine whether the apo Ee2 allele has beneficial
effects on dyslipidemia and acts as an arterioscle-
rosis inhibitor.
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NIDDM (C& (T 2 lEEABMBRRE £ 7K E RRBOEE

HRRTERRE BRMLY 5 — BENRy
SRS AR YA k2

R ?% E% ﬁ% W%%O% =R ZE

NIDDM (281} 2 IRERBEFICT R E BRI 5 B2 RITTH2HRE L7, 3984 (B/
1 1 255/143) @ NIDDM B3 @ 7 R E &I % isoelectric focusing and immunoblotting techniques
FHWTHE LA, 7HRERBAL E2 E3 E4 @ 38245, mMARE, 7R ¥E&EH, BRELE
¥, Lp(a) = 3FMTHEL 7. MEMLHEIZ Kruscal-Wallis’ rank test B & " Mann—Whitney ® U
WEL, ZBU VAT 4 v 7RG 2iTo72.

NIDDM (28135 7K ERREOHE L E2 : 88% (35/398), E3: 744% (296/398), E4: 168%
(67/398) Td o 7. EZBEA@SﬁWTﬁ%,%%F M, Z2RE R MM 713 % v 2%, HbAL
PE3ITEREICEMETH - 72, MEEREENAE, L - MMEEENHREE, B I UEMERYIR
MADOEHEIL IHETEEZRD Loz, THE2 %ﬁ’&é%‘ﬂi E3 %ﬁ'ié%b:ﬂ: L TG, 7&K
ERENEMETH 7275 LDL-C & LDL-C/HDL-C kB X U Lp(a) Wi b ARIEMETH - 7-.
FLTRE2ZDDOBDIEEI 2 0bDIML, % LDL-C (LDL-C=150 mg/dl) @ odds A% 0.06,
= Lp(a) (Lp(a) 230 mg/dl) @ odds k25035 L ABIEMBETH -7, ZLTIhSEWTFR LR
MARREEICBWCHRICED SN2, —HFT7TREL 2523 0OTiE, & LDLC & & Lp(a) D&
BENPEIZDDObDL N EBIE, -7 (odds i &4 1.20 £ 1.97).

Pk ) NIDDM 2B 2 RERBEEICT R E2 ZEMICH X, B4 I ZAFNE < T REME AR X
nrz.
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