Diabetologia (1995) 38: 1434-1442

Diabetologia

© Springer-Verlag 1995

Serum lipoprotein(a) concentrations and apolipoprotein(a)
phenotypes in the families of NIDDM patients

K.Hirata', K. Saku', S.Jimi?, S. Kikuchi®, H. Hamaguchi®, K. Arakawa'

! Department of Internal Medicine, Fukuoka University School of Medicine, Fukuoka, Japan
2 Department of Pathology, Fukuoka University School of Medicine, Fukuoka, Japan
5 Department of Human Genetics, Institute of Basic Medical Sciences, University of Tsukuba, Tsukuba, Japan

Summary We studied the quantitative and qualitative
characteristics of lipoprotein(a) [Lp(a)] as a function
of apolipoprotein(a) [apo(a)] phenotype in 87 mem-
bers (42 males, 45 females) of 20 diabetic families, 26
of whom were diagnosed with non-insulin-dependent
diabetes mellitus (NIDDM) with moderate glycae-
mic control (HbA,.7.1 1.2 %). Apo(a) phenotyping
was performed by a sensitive, high-resolution tech-
nique using SDS-agarose/gradient PAGE (3-6 %).
To date, 26 different apo(a) phenotypes, including a
null type, have been identified. Serum Lp(a) levels
of NIDDM patients and non-diabetic members of
the same family who had the same apo(a) phenotypes
were compared, while case control subjects were cho-
sen from high-Lp(a) non-diabetic and low-Lp(a) non-
diabetic groups with the same apo(a) phenotypes in
the same family. Serum Lp(a) levels were signifi-
cantly higher in NIDDM patients than in non-dia-
betic subjects (39.8+33.3 vs 22.3+19.5mg/dl,
p <0.05). The difference in the mean Lp(a) level be-
tween the diabetic and non-diabetic groups was sig-

nificantly (p <0.05) greater than that between the
high-Lp(a) non-diabetic and low-Lp(a) non-diabetic
groups. An analysis of covariance and a least square
means comparison indicated that the regression line
between serum Lp(a) levels [log Lp(a)] and apo(a)
phenotypes in the diabetic patient group was signifi-
cantly (p < 0.01) elevated for each apo(a) phenotype,
compared to the regression line of the control group.
These data, together with our previous findings that
serum Lp(a) levels are genetically controlled by
apo(a) phenotypes, suggest that Lp(a) levels in dia-
betic patients are not regulated by smaller apo(a) iso-
forms, and that serum Lp(a) levels are greater in dia-
betic patients than in non-diabetic family members,
even when they share the same apo(a) phenotypes.
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Human lipoprotein(a) [Lp(a)] was first demonstrated
by Berg [1] in 1963 as a genetic variant of low density
lipoprotein (ILDL). Lp(a) is a cholesterol-rich lipo-
protein which has a composition similar to that of
LDL. Lp(a) contains apo B disulphide-linked to apo-
lipoprotein(a) [apo(a)] which is highly homologous
to plasminogen and affects the human coagulation
system [2-6]. Plasma concentrations of Lp(a) in hu-
mans vary between individuals from less than 1mg/
dl to more than 100 mg/dl and these concentrations
are genetically controlled by apo(a) phenotypes [7—
10]. The heterogeneity of Lp(a) density has been at-
tributed to the presence of apo(a) species with differ-
ent molecular weights, based on the repetition of
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kringle IV [11]. Apo(a) molecular weights are in-
versely correlated with plasma Lp(a) levels [7-13].

Recently, an increased plasma concentration of
Lp(a) has been reported in diabetes mellitus, chronic
renal failure, ischaemic heart disease, and other ath-
erosclerotic diseases [13-18]. However, these reports
have not always been based on case control studies.

Patients with non-insulin-dependent diabetes mel-
litus (NIDDM) have a higher morbidity and mortal-
ity from ischaemic heart disease [19]. They also show
abnormal plasma lipid and lipoprotein levels (athero-
genic changes), and have a significantly increased risk
of microvascular disease. Several reports have found
different Lp(a) concentrations in individuals who
have the same phenotype of the apo(a) gene, al-
though similar Lp(a) concentrations are observed
within families [20-22]. Many population studies
have reported that diabetic patients have higher
Lp(a) concentrations, and we had observed a similar
tendency in our previous study [13]. From the present
study of families with the same apo(a) phenotypes it
should be possible to clarify whether the increased
Lp(a) concentration in diabetic patients is secondary
to diabetes.

Subjects and methods

Family study. We investigated 87 subjects (42 males, 45 fe-
males) from 20 Japanese families, 26 of whom were diagnosed
with NIDDM (17 males, 9 females). All of the probands were
selected at random from our University hospital and two
other teaching hospitals. We used families in which the
NIDDM patients were non-smokers, and all of the family
members lived in Fukuoka Prefecture, Japan. Although 15 of
the family members examined did not live with their respec-
tive probands, 100% of the family members were assayed.
Only 2 of the 87 subjects studied were smokers. Fasting lipid,
lipoprotein, blood glucose and HbA, values were determined
in all subjects. Their average glycaemic control was moderate
(HbA,, 7.1 +1.2%). Of these patients, 3 were receiving insu-
lin treatment, 14 were receiving hypoglycaemic agents, and 9
were treated with diet therapy only. The diagnosis of diabetes
was based on a 75-g oral glucose tolerance test (OGTT), the
use of oral hypoglyceridaemic agents, or insulin therapy. Al-
though the disease duration was not entirely clear, all of the di-
abetic patients had been diagnosed for at least 3 years. The ex-
clusion of diabetes was based on both fasting blood glucose
less than 6.11mmol/l1 and HbA,_ less than 6.0 %. When a sub-
ject showed either abnormal fasting blood glucose or HbA,,
75-g OGTT was performed to rule out diabetes. The diagnosis
of coronary heart disease was based on coronary angiography.
The diagnosis of arteriosclerosis obliterans was based on a clin-
ical episode of intermittent claudication and artery angiogra-
phy. The diagnosis of hypertension was based on blood pres-
sure above 160/95 mmHg on more than two occasions, or the
use of anti-hypertensive drugs. All of the studies described
here were performed with the consent of each proband and
the members of his or her family.

Chemical determinations. Blood samples were taken after an
overnight fast. Serum total cholestero! (TC) and triglycerides

(TG) were determined by enzymatic methods [23, 24]. The he-
parin CaCl, precipitation method was used to assay serum
high-density lipoprotein cholesterol (HDL-C) [25]. Low-den-
sity lipoprotein cholesterol (LDL-C) was calculated using the
formula of Friedewald et al. [26]. HDL, and HDL,subfractions
were separated by an ultracentrifugation method {27]. Serum
apo Al, apo All, apo B, apo CII, apo CIII, and apo E levels
were determined by the turbidity immuno-assay method [28].
Serum Lp(a) was determined by ELISA using a Tint Eliza
Lp(a) kit (Biopool, Umea, Sweden) [29]. Plasma insulin levels
were determined by immunoradiometric assay using an INSU-
LIN RIABEAD II kit (Dinabot, Tokyo, Japan) [30]. Inter-as-
say and intra-assay coefficients of variation for all of the mea-
surements in our laboratory were less than 5.5 %.

Plasma lipoprotein isolation. Venous blood was collected in
EDTA tubes and then centrifuged at 4°C. The plasma fraction
(approximately 1 ml) at density (d) < 1.12 g/ml was separated
by ultracentrifugation (Beckman TL-100 Tabletop Ultracen-
trifuge, TLA-100.2 fixed-angle rotor, Beckman Instrument,
Inc., Palo Alto, Calif., USA), using polycarbonate centrifuge
tubes. Tube slicing was performed using a Centrifuge Slicer
(Beckman).

Apo(a) phenotyping. Apo(a) phenotyping was performed in all
87 subjects by the method of Kikuchi et al. [12], as described
previously [13]. Briefly, 2-5ul of lipoprotein fraction
(d <1.12 g/ml) was mixed with an equal volume of a sample
buffer which contained 0.25 mol/l Tris-HCI (pH 6.8), 20 % su-
crose, 10% SDS, 10 % 2-mercaptoethanol, and 0.02% Bro-
mophenol Blue. For the stacking gel, 1.2 % agarose gel con-
taining 0.125 mol/l Tris-HCI (pH 6.8), 0.2 % SDS, and 0.5 % 2-
mercaptoethanol was used instead of polyacrylamide gel. For
the running gel, we used 3—-6 % gradient polyacrylamide slab
gels containing 0.375 mol/l Tris-HCl (pH 8.8) and 0.2 % SDS.
The running buffer contained 25 mmol/l Tris, 0.19 mol/l gly-
cine, and 0.2% SDS. The control samples contained the lipo-
protein fraction from four individuals. Electrophoresis was
performed at a constant current of 5 mA for 3 h and then at
3mA for an additional 18h at room temperature. Electro-
phoretic transfer of protein from gel to nitrocellulose mem-
brane filters (BAS83, Schleicher & Schuell, Dassel, Germany)
was performed for 2 h at a constant current of 180 mA with a
blotting buffer (7 x running buffer containing 10 % methanol).
The filter was blocked with 0.2 % gelatin in phosphate buffered
saline (PBS) and incubated in 1 % bovine serum albumin in
PBS containing 0.1 % anti-apo(a) monoclonal antibody. The
anti-apo(a) monoclonal antibody was prepared using purified
human apo(a) and did not cross-react with human plasmino-
gen or other plasma proteins (Nakagawa et al., unpublished
data). Peroxidase-conjugated anti-mouse IgG rabbit serum
(0.1 % in PBS) was used as the second antibody, and the pat-
terns were visualized using 0.01 % 3,3’-diaminobenzidine, tet-
rahydrochloride and 0.1 % H,O, in PBS.

Statistical analysis

All calculations were performed using the Statistical Analysis
System (SAS) at the Fukuoka University Computer Center.
The data are all presented as the mean = SD. Since a Kolmogo-
row-Smirnov test showed a significant deviation from the nor-
mal distribution for Lp(a), the Mann-Whitney U-test was
used to compare values in the patient groups with those of the
control subjects. The pairwise test was used to compare values
in the diabetic group with those in the non-diabetic group af-
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Table 1. Serum lipoproteins and apolipoproteins in subjects
studied

Subjects

Diabetic (n = 26) Non-diabetic (n = 61)

Age (years) 59.9+9.1° 40.6£182
TC (mmol/1) 5.92£1.61* 4.90£0.92
TG (mmol/l) 201 +1.71b 1.10£0.85
HDL-C (mmol/l) 1.13+£0.23° 1.39+0.38
HDL,-C (mmoll)  0.70.+0.24° 0.90 £ 035
HDL;-C (mmol/l) 0.68 £ 0.08* 0.55+£0.09
Lp(a) (mg/dl) 39.8 +33.3° 234195
Apo Al (mg/dl)  117.9£202° 13284252
Apo All (mg/dl)  30.5+7.7 31.4+58
Apo B (mg/dl) 115.0 +39.9b 88.4+23.5
Apo CII (mg/dl) 52+£35° 3.3£15
Apo CIII (mg/dl) ~ 13.9+9.6° 9.6+3.7
Apo E (mg/dl) 6.4+ 4.4° 46413
HbA . (%) 714120 47407

Data are mean + SD.
2p<0.05;°p <0.01

ter adjusting for family and apo(a) isoform. We first identified
members of the same family with the same apo(a) phenotypes.
After matching for family and apo(a) phenotypes, pairing was
performed according to presence or absence of diabetes. For a
control group, we separated the high- and low- Lp(a) groups
from the non-diabetic subjects with the same apo(a) pheno-
types. An analysis of covariance was used to compare groups
after adjusting for confounding factors (age, sex, TC, TG, dis-
eases, etc.) and apo(a) phenotypes, and least-square means
were also compared afterlog transformation of Lp(a) and after
adjusting for apo(a) phenotypes to gain a better understanding
of the relationship between the frequency distribution of
apo(a) phenotypes and serum Lp(a) levels in these groups. p
values of less than (.05 were considered to be statistically sig-
nificant.

Results

We evaluated serum Lp(a) concentrations and apo(a)
phenotypes of both diabetic patients (n =26) and
their non-diabetic family members (n = 61). Serum
Lp(a) concentrations in these groups were 39.8
+33.3 (1-132) and 22.3 £19.5 (3-112) mg/dl, respec-
tively. The Mann-Whitney U-test showed that Lp(a)
levels were significantly (p < 0.01) higher in the dia-
betic patient group than in the non-diabetic group,
the former group being significantly older than the
latter group.

Serum TC and TG levels in the diabetic group were
5.92 +1.61 and 2.01 + 1.71 mmol/l, respectively, which
were higher (p < 0.05) than those in the non-diabetic
family members (4.90 £0.92 and 1.10 £ 0.85 mmol/l,
respectively) (Table 1). Serum HDL-C (1.13 £0.23
and 1.39+0.38 mmol/l, respectively), HDL,-C
(0.70£0.24 and 0.90 £ 0.35 mmol/l, respectively),
and apo AI (117.9£20.2 and 132.8 + 25.2 mg/dl, re-
spectively) were all significantly lower (p <0.05) in
the diabetic group than in non-diabetic subjects. Se-

rum apo B (115.0 £ 39.9 and 88.4 £23.5 mg/dl, respec-
tively), apo CII (5.2 £ 3.5 and 3.3 £ 1.5 mg/dl, respec-
tively), apo CII (13.9+£9.6 and 9.6 3.7 mg/dl, re-
spectively), and apo E (6.4 £ 4.4 and 4.6 £ 1.3 mg/dl,
respectively) were all significantly (p < 0.05) higher
in the diabetic group. No significant difference was
observed in serum apo AIl (30.5+7.7 and 314+
5.8 mg/dl, respectively) between the two groups (Ta-
ble 1). Furthermore, we compared serum lipid and li-
poprotein levels in the diabetic group to those in the
non-diabetic group in 22 patients with the same
apo(a) phenotypes in the same family. As control sub-
jects, the non-diabetic higher-Lp(a) group and the
non-diabetic lower-Lp(a) group with the same
apo(a) phenotypes are also listed in Table 2. In the
former pair, serum TC levels (5.72+1.05 and
4.67 £ 0.68 mmol/l, respectively), apo B levels
(110.8 £ 30.6 and 87.3 + 23.3 mg/dl, respectively), apo
CIl levels (5.0 £2.2 and 3.0 £ 1.7 mg/dl, respectively),
apo CllT levels (12.2 £ 5.4 and 8.2 + 2.2 mg/dl, respec-
tively), and apo E levels (5.6 £ 2.2 and 4.2 + 0.8 mg/dl,
respectively) were higher in the diabetic group than in
the non-diabetic group. In the control pair, no signifi-
cant differences were observed in lipid and lipopro-
tein levels, except for that of Lp(a) (Table 2). Again,
diabetic patients as well as non-diabetic subjects with
high Lp(a) were significantly older than those in their
respective control groups.

HbA,, in the diabetic group (7.1 £1.2 %) was sig-
nificantly (p < 0.01) higher than that in the non-dia-
betic group (4.7 £0.7 %) (Table 1). The fasting insu-
lin level in the diabetic group (14.8 =29.9 uU/ml)
was higher than that in the non-diabetic group
(7.9 £5.0 wU/ml). This difference was not statisti-
cally significant, even though the insulin levels in in-
sulin-treated patients (n = 3) were omitted from the
statistical analysis.

In our investigation, 26 different apo(a) isoforms
were identified by immunoblot analysis following 3—
6% SDS-PAGE [12]. An example of apo(a) pheno-
typing is shown in Figure 1. A marker mixture (M)
containing apo(a) polymorphs A10, A12, Al4, Ale,
A18 and A21, was applied to ecach alternate lane,
and phenotyping was performed as described above.
In a diabetic patient (Fig.1a) and his non-diabetic
son (Fig.1d) in family KS, the levels of Lp(a) which
had an A8 isoform were 72 and 32 mg/dl, respec-
tively. In family MT, the serum Lp(a) level in a dia-
betic patient (Fig.1le) with the A8 isoform was
45 mg/dl, while it was 31 mg/dl (Fig.1g) and 33 mg/dl
(Fig. 1h) in non-diabetic family members who exhib-
ited the AS isoform.

Diabetic patients tended to have higher Lp(a) lev-
els than non-diabetic family members who had the
same apo(a) phenotypes (Fig.2). In our study, eight
subjects had a single band (isoform) of apo(a), while
the remaining subjects had a double band. In these
latter subjects, we used the smaller of the two bands
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Table 2. Serum lipoproteins and apolipoproteins in the diabetic group vs non-diabetic group, and in the non-diabetic higher Lp(a)
group vs the non-diabetic lower-Lp(a) group, in 22 pairs with the same apo(a) phenotype

Subjects

Diabetic Non-diabetic Non-diabetic [high Lp(a)] Non-diabetic [low Lp(a)]

(n=22) (n=22) (n=22) (n=22)
Age (years) 62.2+10.1 32.8+13.2° 43.9+20.7 30.1+17.8°
TC (mmol/l) 5.72+£1.05 4.67 +£0.68° 4.88 £0.90 468 £0.84
TG (mmol/l) 1.85+£1.30 1.16+£1.07 0.97 £0.58 0.90 £ 0.66
HDL-C (mmol/l) 1.17£0.25 1.31+036 1.38£0.32 1.37+£0.34
HDL2-C (mamol/) 0.71£0.22 0.86+0.37 0.97%£0.32 0.87 +0.33
HDL3-C (mmol/l) 0.52 £ 0.06 0.56 £ 0.08 0.50£0.05 0.53+£0.11
Lp(a) (mg/dl) 480345 29.8 +25.4° 22.4+12.3 16.7 +10.4°
Apo Al (mg/dl) 122.4+184 127.0+25.3 133.4+£29.0 1234+ 16.8
Apo AII (mg/dl) 31.8+48 312+4.1 29.0+6.1 27.4+57
Apo B (mg/dl) 110.8 £30.6 87.3+23.3° 88.1+22.3 8321230
Apo CII (mg/dl) 50£22 3.0+1.7° 32+13 28+1.1
Apo CIII (mg/dl) 122454 8.2+2.2° 9434 85128
Apo E (mg/dl) 56£22 42408 46+09 43£07
HbA, (%) 6.7+1.1 48407 51405 50£07

Data are mean + SD
ap <0.05;°p <001

Family KS

Family MT
a b e f
510 5O
Lp(a)72 Lp(a) 1 Lp(aj4s Lp(a)15 .
A8/ A15 A8 A8/ A18 A17/A19 Fig.1. Apo(a) phenotyping (family KS and
family MT) using 3-6 % SDS-agarose/gra-
c d g h dient PAGE followed by an immurnoblot
analysis. A marker (M) mixture contained
Lp(a)16 Lp(a)32 Lp(a)31 Lp(a)33 apo(a) isoforms A10, A12, Al4, Al6, A18
A15 AB/A1B A8/ A19 A8/ A19

for the analysis, since the smaller band has been
shown to be well-correlated with Lp(a) levels in dou-
ble-banded phenotypes [12]. We compared the se-
rum Lp(a) levels in the diabetic and non-diabetic
groups (Fig.3a), and in the non-diabetic higher-
Lp(a) group and the non-diabetic lower-Lp(a) group
(Fig.3b) for members of the same family. The daugh-
ter in family 3 (Fig.2), who showed the A16 and A20
isoforms, received the former isoform from her mo-
ther and the latter from her father. Therefore, a
match could be made between the mother as a non-
diabetic higher-Lp(a) (Lp(a): 25 mg/dl) and the
daughter as a non-diabetic lower-Lp(a) (Lp(a):
14 mg/dl). In this case, although her father expressed
the A16 isoform, she did not inherit this in her Lp(a)
gene. Serum Lp(a) levels were significantly higher in
the diabetic group than in non-diabetic subjects

and A21

(p <0.0001), using the pairwise test. Significant dif-
ferences (p <0.0002) were also observed between
the higher-Lp(a) and lower-Lp(a) groups by the
same statistical analysis. The difference between the
non-diabetic higher-Lp(a) and lower-Lp(a) groups
was compared with the difference between the dia-
betic and non-diabetic groups. The difference be-
tween the latter groups was significantly (p < 0.001)
greater than that between the former groups accord-
ing to the -test (Table 2 and Fig.3).

The regression lines based on log Lp(a) and apo(a)
phenotypes among these four groups are presented in
Figure 4. The lines were not adjusted for other vari-
ables, but we used an analysis of covariance, and
least-square means were compared after adjusting
for apo(a) phenotypes. The line of the diabetic group
was significantly (p < 0.01) higher than those of the
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6. family YS
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A1§IA20 A8/ A21 A6/ A22 Al6/AZ21 A18/A20 A167 A0
7. tamily TM 8. family YH

ipfap2
Lp{a)37 Lp(a)33 Al87A1G,
A137A20 A10/A20
Lp(a)24 Lp(a)3o
A19/A20 A12/A19
Lp(a)25 Lp(aj25 Lp(a)24
A10/A20 A10/A13 A10/A13
Lp{a)14  Lp(a)10 Lp(aj17
A197A20 A19/A20 A12/A20
12. family KK

13. family EA

Lp(a)33

A1S Al4/A17

Lp(a) 4
A20/ A22

Lp(a)12  Lp{a)40 Lp(a)32
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Lplaj20
AT4
Lp(a) 3 18. family KM
A20/ A22
17. family HT
Lp(a)34 Lp(a)ie
A16/A18 A16/A19
Lp{a)gt Lp(ajdd
A12/A15 A10./A18
Lp(a)34 Lp(a)i3  Lp{(a)10 Lp(a)12 Lp(a) &
A7/ A19 A16/A18 A16/A19 A6 A197A21
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Fig.2. Pedigrees of 20 families with NIDDM ([}, ©: denote
diabetic patients)

other three groups. This significant difference was
also observed after adjusting for age, gender, and se-
rum TC and TG levels.

Most of the diabetic patients had Lp(a) levels
higher than those in non-diabetic subjects. The per-
cent changes in Lp(a) in diabetic subjects vs non-dia-
betic family members, and apo(a) phenotypes are
shown in Figure 5. No significant correlation was
found between them.

Discussion

In the present cross-sectional study, we found that se-
rum Lp(a) levels were elevated in NIDDM patients,
compared to those in non-diabetic subjects after ad-
justing for the apo(a) phenotypes in the same family.
Accelerated atherosclerosis and cardiovascular dis-
case are frequently observed in diabetic patients.
Similarly, some of our diabetic patients had other ath-
erosclerotic conditions, such as coronary heart dis-

AT /A8 A17/ A9 A157A1E atg A3/ A20 171421
Lp(a)11 Lp(a)3 tp(a) 9 Lp(a)56
A7/ A17 A187A19 A5 A3/ A17
9. family SO 10. family KS 11. family MT
Lp{a) 7 Lp(a)114 Lp(a)72 Lpta) 1 Lp(a)as Lp{a)1s
A17/A19 AB/A1S AB/AIS Alg AB/A18 A17/A19
Lp@6 Lpla)e5 Lp(a)s3 Lp(a)20 Lp(a)16 Lp(a)32 Lp(a)31 Lp(a)33
A15/A17 AI5/A17 AB/AIT A15/A17 15 AB/A18 AB/A19 AB/A19
14. family YT 15. family SF 16. family MR
Lp(a)12 Lp{a)1az Lp(a)33 Lp(a)24 Lp(a)46 Lp(a)28
A16/A17 A5/ AZ3 A171A18 A117A19 A10/A13 A15/A24
Lp(a)sd Lp(a)1s  Lpla)1s  Lp(a)1iz Lptay1t Lp(a)22 Lpla)32
A5/ A16 AT6/A23 A16/A23 A5/A23 A177A19 A10/A24 A107A24
19, family TY 20, family FF

Lp(a) 4
A211 22

Lp(a)57
A9 /A12

Lp(a)24
A17/ A8

Lp(a)51

A8/ A19 Diabetes mellitus

©

Lp{a)25 Lp(a)s4
A12/A18 A8/ A21

ease (n=3) and arteriosclerosis obliterans (n = 3).
Some also had chronic disorders, such as chronic re-
nal failure (n =2), and hypertension (n = 11), which
are often associated with diabetes and atherosclero-
sis. Increased levels of atherogenic serum lipids, lipo-
proteins, and apolipoproteins were also found in the
patients (Table 1), and there have been reports that
Lp(a) may be an independent risk factor for coro-
nary atherosclerosis [14, 15, 17].

Many researchers have reported high plasma
Lp(a) levels in diabetic patients, although Haffner et
al. [31] conducted a case-control study which gave
conflicting results. Urinary albumin loss has been as-
sociated with elevated plasma Lp(a) levels [32-34],
while at least one study reported no significant eleva-
tion in Lp(a) concentration in patients with diabetic
nephropathy [35]. Among the 26 diabetic patients in
our study, 11 had nephropathy (microalbuminuria
> 30 mg/g creatinine), and 2 had retinopathy. Serum
Lp(a) levels in patients with (n =11) and without
(n=15) nephropathy were 42.51+29.5mg/dl and
62.2 +42.8 mg/dl, respectively. This difference was
not significant. Dubrey et al. [36] reported that albu-
min secretion does not affect serum apo(a) levels in
IDDM. We previously reported a similar finding in
NIDDM [13]. Heesen et al. [37] and Maioli et al.
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Fig.3a,b. Comparison of serum Lp(a) between a) diabetic
group and non-diabetic group b) non-diabetic higher-Lp(a)
group and non-diabetic lower-Lp(a) group, in family members
who have the same apo(a) phenotypes

[38] have reported increased Lp(a) levels in active di-
abetic retinopathy and coronary heart disease. How-
ever, a similar statistical evaluation could not be per-
formed in our study, since our study group included
only one patient with active retinopathy. Up to now
we have no definite evidence that the progression of
microangiopathy affects the Lp(a) concentration.
Glycaemic control affects the Lp(a) level in insulin-
dependent-diabetes [39], but apparently does not af-
fect Lp(a) levels in NIDDM [31]. We previously re-
ported that glycaemic control and microalbuminuria
did not affect the Lp(a) concentration in NIDDM,
while chronic renal failure may be associated with an
increase in this concentration [13].

NIDDM patients usually exhibit other disorders,
as mentioned above. We tried to subclassify our pati-
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Fig.5. Correlation between the mean changes in Lp(a) in dia-
betic subjects vs non-diabetic family members, and apo(a) phe-
notypes (y = 4.4673 x +12.16, R* = 0.035)

ents and control subjects into several categories, and
factors which may affect Lp(a) levels were com-
puted. An analysis of covariance was performed after
adjusting for the presence of diabetes, hyperten-
sion, coronary heart disease, chronic renal failure
and arteriosclerosis obliterans by the SAS computer
program system, i.e., the R? value was calculated by
excluding each disease when considering Lp(a) lev-
els (Table 3). We found that diabetes had the great-
est effect on elevated serum Lp(a) levels; that is,
when diabetes was excluded from the analysis, there
was no significant contribution to the elevation of se-
rum Lp(a) levels. However, due to the low number of
patients with other diseases, were are not able to
draw any definite conclusions about the relation be-
tween such diseases and Lp(a) levels in NIDDM

Fig.4. The regression line of the cor-
relation of serum Lp(a) concentrations
and apo(a) polymorphism in, diabetic
group (y = — 4.5288e-2 x + 2.0589,

R? =0.265), non-diabetic group (y =
—4.9789¢-2 x + 1.9556, R? = 0.602),
non-diabetic higher-Lp(a) group

(y =—5.7298e-2 x + 1.7254,

R? =0.624), and non-diabetic lower-
Lp(a) group (y = —7.0213e-2 x

+ 1.6915, R? = 0.656), in family mem-
bers who have the same apo(a) pheno-
type

[3, Diabetic group; 4, non-diabetic
group; O, non-diabetic higher-Lp(a)
group; +, non-diabetic lower-Lp(a)
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Table 3. The contributing factor index for elevated Lp(a) lev-
els

R p-value
Disease (all) 0.138 0.044
Without DM 0.101 0.084
Without HT 0.137 0.022
Without CHD 0.136 0.023
Without CRF 0.138 0.022
Without ASO 0.125 0.036

Index adjusted for diabetes (DM), hypertension (HT), coro-
nary heart disease (CHD), chronic renal failure (CRF) and ar-
teriosclerosis obliterans (ASO)

from this finding. Considering all of these findings, al-
though diabetic patients have higher plasma Lp(a)
levels, it is difficuit to compare plasma Lp(a) levels
before and after the onset of diabetes in a particular
patient.

It has been reported that the apo(a) gene may ac-
count for more than 90 % of the inter-individual dif-
ferences within a pedigree [9]. The plasma Lp(a) con-
centration is regulated by the apo(a) gene, and has a
wide range: from less than 1 mg/dl to more than
100 mg/dl. We have previously reported [13] that the
Lp(a) concentration was negatively correlated with
the apo(a) molecular weight. Dubrey et al. [36] stud-
ied the effect of IDDM on serum lipid and lipopro-
tein levels in identical twins and found that IDDM
per se has no influence on serum Lp(a) levels, al-
though the correlation within each twin pair was sig-
nificant. Subjects with the same apo(a) phenotypes
within a family show similar plasma Lp(a) levels
[20-22]. A similar tendency was observed in our
study concerning non-diabetic family members
(Fig.2 and Table 2). Two daughters with A10/A13 in
family 7 (Fig.2) were identical twins, and showed al-
most identical serum TC (4.29 and 4.29 mmol/l), TG
(0.54 and 0.54 mmol/l) and Lp(a) (25 and 24 mg/dl)
levels. Boomsma et al. [40] reported that factors,
other than apo(a) phenotypes may also play a role in
determining apo(a) levels.

Utermann et al. [41] reported that genetic trans-
mission of Lp(a) protein species can be explained in
terms of a series of autosomal codominant alleles.
Our data indicate that the apo(a) gene was co-segre-
gated in all 20 families. When two different apo(a)
phenotypes exist in a particular individual, the smal-
ler apo(a) isoform has a greater influence on the
Lp(a) concentration [12]. Therefore, we used the
smaller apo(a) isoform in our analysis of the relation-
ship between serum Lp(a) levels and apo(a) isoforms.
In our study, the diabetic patients were generally old-
er than the non-diabetic subjects. However, Jenner et
al. [42] reported that plasma levels of Lp(a) were not
affected by age or sex. Serum Lp(a) levels in diabetic
patients were significantly higher than those in non-
diabetic subjects after adjusting for apo(a) pheno-
types, apart from family 1 and family 5 (Fig.2). We

first identified members of the same family with the
same smaller apo(a) phenotypes. After matching for
family and apo(a) phenotypes, pairing was per-
formed taking into account presence or absence of
diabetes. For a control group, we separated the high-
and low-Lp(a) groups (Table 2 and Fig. 3). The differ-
ence between the non-diabetic higher-Lp(a) and non-
diabetic lower-Lp(a) groups was compared with that
between the diabetic and non-diabetic groups. The
latter difference was significantly greater than the
former difference, using the r-test, which indicates
that diabetes is strongly associated with increased
Lp(a) levels. The percent increase in Lp(a) in dia-
betic subjects versus that in non-diabetic family
members showed no correlation with the molecular
weight of apo(a) (Fig.5, p=0.42). In the control
group, no significant difference was observed in lipid
and lipoprotein levels, except for that of Lp(a).
These findings indicate that diabetes may increase
Lp(a) levels through some mechanism other than
the apo(a) gene.

Among family members with the same apo(a) phe-
notype, patients with Lp(a) levels lower (1-6 mg/dl)
than those of non-diabetics [families 4, 9 (male pati-
ents), and 10 (female patient)] had high TG levels
(4.40, 5.44 and 7.45 mmol/l, respectively). Serum TG
levels are expected to be higher in diabetic patients
than in normal control subjects. However, plasma
TG levels of other diabetic patients in our study
were less than 3.4 mmol/l. High TG levels may affect
serum Lp(a) measurement, although Cohn et al. [43]
found that there was no difference in the total plasma
Lp(a) concentration between the fed and fasting
states. We previously transformed the serum Lp(a)
levels of several hundred control subjects and dis-
eased patients to logarithms, and examined the rela-
tionship between log Lp(a) and TG. However, a neg-
ative, rather than a positive relationship was ob-
served in haemodialysis patients [44]. In the present
study, no significant relationship was observed be-
tween serum TG and log Lp(a) levels in control
(y =0.002 x + 2.64, R*>=0.024, NS), while a signifi-
cant negative correlation was observed between TG
and log Lp(a) in the diabetic group (y=
—0.005 x +4.357, R*=0.472, p<0.0001). The in-
creased synthesis of TG-rich lipoprotein seen in dia-
betic patients does not always lead to increased se-
rum Lp(a) levels. Mean plasma insulin levels were
higher in the diabetic group than in the non-diabetic
group, although this difference was not statistically
significant. In our study, the percent difference in
Lp(a) levels in diabetic patients versus those in non-
diabetic subjects with the same apo(a) phenotype
did not correlate with the percent difference in insu-
lin between the same two groups, which suggests
that insulin resistance or secretions may not always
be associated with higher serum Lp(a) levels in dia-
betic subjects.
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Rader et al. [45] have shown that higher levels of
Lp(a) in the smaller apo(a) isoform depended on
the rate of production. In our investigation, higher
Lp(a) levels in diabetic patients were not biased by
the apo(a) phenotypes. Lp(a) levels are regulated by
the apo(a) gene. However, as shown in Figure 4, se-
rum Lp(a) levels were significantly increased even
after adjusting for all of the phenotypes. This relation
was still significant after adjusting for serum levels of
TC and TG. In our study, 26 different apo(a) pheno-
types were identified and only 26 diabetic patients
were studied. Therefore, we did not categorize pati-
ents according to apo(a) phenotypes, as Csaszar et
al. [46] have done. Diabetic patients tended to show
increased Lp(a) production, as well as that of other
lipoproteins, which was not biased by apo(a) pheno-
types. Further genetic studies will be needed to clar-
ify the relation between Lp(a) levels and larger
apo(a) isoforms, using an in vivo human kinetic
study.

Elevated plasma levels of Lp(a) have been shown
to be an independent risk factor for coronary artery
disease and other atherogenic diseases [13-17, 35].
Our data indicate that NIDDM patients show in-
creased Lp(a) levels. The present family study data
also show more clearly that the increased Lp(a) con-
centration in diabetic patients is secondary to dia-
betes. Plasma Lp(a) levels were not determined sole-
ly by apo(a) isoforms in diseased states, and it is still
unclear why diabetic patients show increased Lp(a)
levels.
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