Epidemiology/Health Services/Psychosocial

Research

ORI G I NAL A RTICLE

Lipoprotein(a) Is an Independent Risk
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OBJECTIVE — Asian Indians have been reported to have very high prevalence rates of coro-
nary artery disease (CAD) in the absence of traditional risk factors. Recently, elevated levels of
lipoprotein(a) [Lp(a)] have been reported to be associated with premature CAD in migrant
Asian Indians. However, there are very little data regarding Lp(a) in CAD patients from the
Indian subcontinent and virtually none in individuals with NIDDM. The objective of this study
was to assess the role of Lp(a) as a marker for CAD in South Indian NIDDM patients.

RESEARCH DESIGN AND METHODS — Wk estimated serum Lp(a) in 100 control
subjects, 100 NIDDM patients without CAD, and 100 NIDDM patients with CAD. Lp(a) val-
ues were transformed into natural logarithms. Statistical analysis included Student’s t test, one-
way analysis of variance, and x2 test. Multiple logistic regression analysis was used to identify
associations with CAD.

RESULTS — Lp(a) levels were significantly higher in NIDDM patients with CAD compared
with NIDDM patients without CAD and control subjects (geometric mean 24.6, 15.1, and 19.4
mg/dl, respectively, P < 0.05). Results of logistic regression analysis showed that Lp(a), age,
and HDL were associated with CAD. In NIDDM patients with CAD, there was no correlation
between Lp(a) and serum cholesterol, triglyceride, or HDL cholesterol levels, but there was a
weak association with LDL cholesterol and systolic blood pressure.

CONCLUSIONS — The data suggests that serum Lp(a) is an independent risk factor for
CAD in NIDDM patients in South India.
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tension, high cholesterol, smoking, and

ease (CAD) is known to be very high  obesity—do not explain the excess of CAD

The prevalence of coronary artery dis-

both among migrant Asian Indians
(1-3) and among people within the Indian
subcontinent (4-6). Moreover, CAD in
Asian Indians occurs prematurely, i.e., at
least a decade or two earlier than that seen
in Europeans (7,8). It is of further interest
that the traditional risk factors for CAD
seen among Europeans—namely, hyper-

seen among Asian Indians (1). A host of
new risk factors related to the metabolic
syndrome (insulin resistance syndrome)
have been described in Asian Indians,
including an excess of NIDDM (9),
increased upper-body obesity with an
increase in waist-to-hip ratio (10), elevated
plasma insulin levels (hyperinsulinemia)
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(11,12), and increased insulin resistance
(13,14). A recent prospective study from
the U.K. has clearly demonstrated the fail-
ure of diabetes to explain the excess cardiac
fatality in Asian Indians compared with
those of European origin (15). Earlier stud-
ies of serum lipids among Asian Indians
have not been conclusive because serum
cholesterol levels have been reported to be
normal or low among Asian Indians (1).

Lipoprotein(a) [Lp(a)] is a modified
form of LDL that contains apo B100 linked
by a disulfide bridge to a highly polymorphic
glycoprotein apolipoprotein [apo(a)] (16,17).

Recent studies have suggested that Lp(a)
may be an independent risk factor for CAD
(18,19), and it also appears to be related to
the severity of CAD as assessed angiograph-
ically (20,21). However, some studies have
not supported these findings (22).

The significance of Lp(a) in individuals
with diabetes is unclear. A recent critical
analysis by Haffner (23) concluded that
NIDDM per se does not increase plasma
levels of Lp(a), although Lp(a) concentra-
tions may be higher in IDDM patients.
Studies of the relationship of Lp(a) to CAD
in diabetic patients have again yielded con-
flicting results: some reports found Lp(a) to
be an independent risk factor (24), whereas
others (25,26) were unable to show a
significant relationship between Lp(a) and
CAD. O'Brien et al. (27) in the Mayo clinic
study found that Lp(a) does not have any
association with CAD in subjects with
NIDDM. Lp(a) distribution is known to be
influenced by ethnic origin (28). It is pos-
sible that this may be due to ethnic differ-
ences in Lp(a) levels. There are few studies
on Lp(a) levels in Asian Indian subjects
and virtually none in Asian Indian NIDDM
patients. This paper addresses the impor-
tant role of Lp(a) as a determinant of CAD
in NIDDM patients in South India.

RESEARCH DESIGN AND

METHODS — The following groups of
subjects were studied. Group 1 was com-
posed of 100 consecutive healthy nondia-
betic control subjects, selected from an
ongoing population-based study at Chennai
(Madras) city, aged 33-87 years who satis-

DiaBETES CARE, VOLUME 21, NUMBER 11, NOVEMBER

1998

1819



|
Lp(a) and CAD in NIDDM patients in South India

Table 1—Clinical characteristics of the study groups

Group 2 (NIDDM  Group 3 (NIDDM

Parameters Group 1 (control) without CAD) with CAD)
n 100 100 100

Sex ratio (M/W) 72128 72/28 72/28
Age (years) 55+ 11 54+8 56+ 8
BMI (kg/m?) 220144 25.2 £ 4.5*% 252 +3.7*
Duration of diabetes (years) — 9.3+6.8 115+ 8.4%
Fasting blood glucose (mg/dl) 76+ 14 152 + 45* 155 + 58*
HbA;. (%) 5305 9.4+22* 8.8+2.2*
Smokers (%) 12.0 11.0 10.0
Hypertension (%) 11.0 15.0 17.0

*Significantly high compared with control group (P < 0.05); fsignificantly high compared with group 2

(P < 0.05).

fied the following criteria: normal glucose
tolerance tests, absence of angina (accord-
ing to Rose questionnaire), absence of his-
tory of any vascular disease (myocardial
infarction, stroke, or intermittent claudica-
tion), and normal 12-lead resting electro-
cardiograms (Minnesota Coded).

Patients with NIDDM (groups 2 and 3)
were selected from the M.V. Diabetes Spe-
cialities Centre at Chennai. Diagnosis of
NIDDM was based on the criteria of the
World Health Organization study group
on diabetes (29), i.e., fasting plasma glu-
cose =140 mg/dl, 2-h post-glucose load
=200 mg/dI, or two random plasma glu-
cose values >200 mg/dl.

Group 2 consisted of 100 NIDDM
patients without CAD. All subjects in this
group aged 35-80 years denied any history
of angina or myocardial infarction. All had
normal electrocardiograms and cardiac
stress tests (computerized treadmill using
Bruce protocol).

Group 3 consisted of 100 NIDDM
patients with CAD who were between the
ages of 36 and 79 years. CAD was diag-
nosed if the patients had a documented
episode of myocardial infarction (n = 40)
substantiated by electrocardiographic evi-
dence of Q waves (Minnesota Codes 1-1, 1-
2) or symptoms of angina supported by
electrocardiographic evidence of ischemia
(Minnesota Codes 4-1-1 [ST segment
depression], 5-1 [T Wave inversion]; 9-2
[ST segment elevation]). Those with a pos-
itive treadmill test (ST depression >1.5
mm) (n=36) or coronary angiographic evi-
dence of severe (>70% diameter) stenosis
of one or more coronary vessels (n = 24)
were also included.

Clinical examination included record-
ing of height and weight with calculation of

BMI and a cardiovascular examination.
Blood pressure was recorded in the sitting
posture, and systolic blood pressure >140
and diastolic blood pressure >90 was con-
sidered hypertension (criteria for the fifth
report of the Joint National Committee on
Detection, Evaluation and Treatment of
High Blood Pressure) (30).

A fasting blood sample was taken, and
serum was separated and stored at —20°C
until the assays were performed. Total
serum cholesterol, serum triglyceride, and
HDL cholesterol (after precipitation of LDL
with heparin-manganese) were assayed
with a commercial kit (Boehringer
Mannheim, Germany) using the Opera
Technicon Autoanalyser (Bayer Diagnos-
tics, U.S.). LDL cholesterol was calculated
according to the Friedewald equation (31).
Lp(a) was estimated by enzyme immunoas-
say (Macra Lp(a), Strategic Diagnostic,
Newark, NJ). Briefly, microtiter plates pre-
coated with monoclonal anti-Lp(a) anti-
bodies were incubated with appropriately
diluted serum samples (201:1). Bound
Lp(a) was revealed by incubation with a
polyclonal anti-Lp(a) antibody coupled to

horseradish peroxidase followed by the
substrate hydrogen peroxide. A calibration
curve was developed using standards
(0-80 mg/dI) provided with the kit. Intra-
and interassay coefficients of variation were
6.6 and 9.3%, respectively.

Statistical analysis

Lp(a) values were transformed into natural
logarithms. One-way analysis of variance
with Tukey’s honestly significant difference
test was used to compare the means of con-
tinuous variables in more than two groups.
Students t test was used to compare means
of continuous variables in two groups. The
X2 test was used to compare the proportions.
Multiple logistic regression analysis was used
to identify associations between CAD and
the independent parameters. All continuous
variables were categorized appropriately.
Pearsons correlation coefficient was used to
look for association between Lp(a) and other
variables. All analyses were performed with
the SPSS statistical software package (version
4.0.1, SPSS, Chicago); P values <0.05 were
considered significant.

RESULTS — The clinical characteristics
of the study group are shown in Table 1
The study groups were age- and sex-
matched. There was no significant differ-
ence in the percentage of smokers in the
groups. Both diabetic groups had a higher
percentage of hypertensive subjects com-
pared with the control group, but this was
not statistically significant. In comparison
with control subjects, the diabetic patients
had higher BMIs (P < 0.05). As expected,
both diabetic groups had higher blood glu-
cose and HbA, values compared with con-
trol subjects (P < 0.05). There were no
significant differences in BMI, levels of fast-
ing plasma glucose and glycosylated hemo-
globin, or the prevalence of smokers and
hypertensive subjects between the two dia-

Table 2—Lipid profile and Lp(a) levels in the study groups

Group 2 (NIDDM Group 3 (NIDDM

Tests Group 1 (control) without CAD) with CAD)
n 100 100 100
Serum cholesterol (mg/dl) 182 +41 193+51 194 + 46
Serum triglyceride (mg/dl) 124 + 63 179 + 118* 175 + 121*
HDL cholesterol (mg/dl) 41.0+10 39+9 37+ 9%
LDL cholesterol (mg/dl) 116 £ 37 118 + 42 122 + 36
Lp(a) (mg/dl) 19.4 (2.6) 15.1 (3.3) 24.6 (3.0)f

Data for Lp(a) are geometric means (SD). *Significantly high compared with control group (P < 0.05); tsignifi-
cantly low compared with control group (P < 0.05); significantly high compared with group 2 (P < 0.05).
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Table 3—Multiple logistic egression analysis of determinants of CAD for NIDDM with CAD CAD among Asian Indians. In this context,
versus NIDDM without CAD studies on Lp(a) levels are significant
because Lp(a) is known to be genetically
determined (18,19). Moreover, Lp(a) levels

Variables B SEM (B) Odds ratio (95% Cl) P value - .
have been shown to vary considerably in
Age 0.35 0.17 1.4 (1.0-2.0) 0.044  different ethnic groups that have marked
HDL —0.26 0.11 0.77 (0.62-0.95) 0.016 differences in prevalence rates of CAD. For
Lp(a) 0.38 0.13 1.5 (1.15-1.87) 0.002  example, Chinese in Singapore have a four-

fold lower rate of CAD with correspond-
ingly lower levels of Lp(a) (32,33). Studies
from North America have also revealed that
South Asians, known for higher rates of

CAD was used as the dependent variable. The following categories were used for continuous variables: age, 10-
year intervals; BMI, 3 units; fasting blood glucose, 25 mg/dl; serum cholesterol, 25 mg/dl; serum triglycerides,
25 mg/dl; LDL cholesterol, 25 mg/dl; HDL cholesterol, 5 mg/dl; log Lp(a), 1 unit; duration of diabetes, 5-year
intervals; and hypertension, systolic blood pressure >140 mmHg or diastolic blood pressure >90 mmHg.

betic groups. The diabetic patients with
CAD had alonger duration of diabetes than
did the diabetic patients without CAD.

Table 2 summarizes the lipid profile
and Lp(a) levels of the study groups. Serum
triglyceride levels were higher in both
groups of NIDDM patients compared with
control subjects (P < 0.05), but there was
no statistically significant difference
between the NIDDM patients with and
those without CAD. Levels of LDL choles-
terol were not significantly different in the
study groups. HDL cholesterol levels were
lower in the NIDDM patients with CAD
compared with control subject but not
significantly different from the levels in
NIDDM patients without CAD. Lp(a) levels
were higher in the NIDDM patients with
CAD compared with NIDDM patients with-
out CAD and with control subjects, but the
differences reached statistical significance
only with control subjects (P < 0.05).

The frequency distribution of Lp(a) in
all the study groups was skewed, but the
NIDDM patients with CAD had higher
levels of Lp(a). The risk for CAD appeared
to increase progressively beyond a level of
30 mg/dl. With 30 mg/dl being used as the
cut-off point, 31% of group 1 subjects,
35% of group 2 subijects, and 51% of group
3 subjects had values above this level. Val-
ues above 50 mg/dl were present in 10.0%
of group 1 subjects, 15.6% of group 2 sub-
jects, and 49.0% of group 3 subjects. None
of the group 1 but 5% of group 2 subjects
and 10% of group 3 subjects had values
above 80 mg/dl. Group 3 had a signifi-
cantly higher percentage of subjects above
all three cut-off points when compared
with group 1 and 2 (P < 0.05).

Table 3 shows the results of the multiple
logistic regression analysis to look for risk
factors for CAD. NIDDM with CAD was
taken as the dependent variable, and factors
such as age, BMI, hypertension, total serum
cholesterol, serum triglyceride, HDL choles-

terol, LDL cholesterol, and Lp(a) levels were
considered as independent variables. Lp(a),
HDL cholesterol, and age showed an associ-
ation with CAD in this model.

Table 4 shows the correlation of Lp(a)
with other variables in each of the study
groups. LDL cholesterol and systolic blood
pressure showed a weak association (P =
0.05 and P = 0.03, respectively) with Lp(a)
in the NIDDM with CAD group. Among
control subjects, serum triglycerides and
BMI correlated with Lp(a); whereas in the
NIDDM without CAD group, serum
triglycerides and HDL cholesterol showed a
correlation with Lp(a).

Figure 1 presents the relative odds ratio
for CAD by quartiles of Lp(a) levels deter-
mined from the control group. The risk for
CAD was significantly high in the fourth
quartile of Lp(a) (P = 0.02).

CONCLUSIONS — The CAD rate in
Asian Indians has been increasing rapidly
and has reached alarming levels (1-6). The
causes for the high prevalence of CAD
among Asian Indians have hitherto
remained largely unexplained. The fact that
traditional risk factors have failed to explain
the excess risk of CAD has raised the pos-
sibility of a genetic (ethnic) susceptibility to

premature CAD, also have elevated levels of
Lp(a) compared with whites (1,34).

In this study, using multiple logistic
regression analysis with age, BMI, choles-
terol, triglycerides, HDL cholesterol, LDL
cholesterol, and Lp(a) as variables, we
found Lp(a) levels to be a strong and sta-
tistically significant risk factor for CAD (P =
0.002). Though HDL cholesterol was also
noted to be a risk factor for CAD in the
Framingham study (35), the Five City Pro-
ject Study (36) has shown that the risk for
CAD created by Lp(a) level is not modified
by different levels of HDL cholesterol.
Other reports on CAD subjects suggest that
the atherogenecity of Lp(a) is more marked
in the presence of a concomitant decrease
in HDL cholesterol level (37).

In our study, we observed only a weak
correlation of Lp(a) to systolic blood pressure
and LDL cholesterol in the NIDDM patients
with CAD. The weak correlation to LDL
cholesterol can be explained by the small
contribution of Lp(a) cholesterol to this vari-
able. Previous studies have also found a cor-
relation between these two parameters (38).
Increasing LDL concentrations are also
found to markedly increase the risk of CAD
in the presence of elevated Lp(a) levels (39).

Lp(a) levels were found to be elevated in
earlier studies on migrant Indians with CAD
(34,40,41). The present study suggests that

Table 4—Correlation between Lp(a) levels and other variables

Variable Control NIDDM without CAD  NIDDM with CAD
Cholesterol 0.040 (0.4) 0.03 (0.40) 0.11 (0.14)
Triglyceride —0.26 (0.005)* —0.25 (0.006)* —0.06 (0.28)
HDL cholesterol 0.10 (0.15) 0.19 (0.03)* 0.05 (0.33)
LDL cholesterol 0.10 (0.16) 0.13 (0.10) 0.16 (0.05)*
Systolic blood pressure 0.08 (0.23) —0.03 (0.37) —0.19 (0.03)*
Diastolic blood pressure —0.03 (0.39) —0.14 (0.09) —0.08 (0.22)
Age 0.07 (0.24) 0.09 (0.18) —0.11 (0.14)
BMI —0.24 (0.01)* 0.05 (0.31) 0.05 (0.32)
Duration of diabetes — —0.06 (0.27) —0.10 (0.17)

Data are r (P value). *Statistically significant (P < 0.05).
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Figure 1—Relative odds ratio for CAD by quartiles of Lp(a) levels. Quartiles of Lp(a) wererméterd
from group | (control group). Figures in parentheses are 95% Cls. *Statistically significar@.02).

Lp(a) is a risk factor for CAD among
NIDDM patients in South India. Our study
also supports Haffners view (23) that dia-
betes per se does not affect Lp(a) levels.
Because Lp(a) levels are not influenced by
the presence or control of NIDDM, Lp(a)
testing can be performed irrespective of the
diabetic status or control in Asian Indians, a
population known for high rates of diabetes
and high morbidity and mortality from pre-
mature CAD.

One of the limitations of the study is
that the diagnosis of CAD and its absence
was based largely on clinical criteria.
Because of ethical, logistic, and socioeco-
nomic reasons, coronary angiography
could not be performed in all study sub-
jects. Although there is little doubt that
those with CAD did indeed have the dis-
ease, its absence in the other two groups is
not certain. This might explain the pres-
ence of elevated Lp(a) in some of the sub-
jectsin group 1 and group 2. Furthermore,
in these groups, the possible occurrence of
CAD in the future cannot be ruled out. One
could speculate that the level of signifi-
cance could have been higher if a more
definitive diagnosis of CAD had been used
in this study. Finally, we used Lp(a) meas-
urements as a surrogate for apo(a) isoforms
because we do not have the facilities to
study the latter. Studies of apo(a) isoform
size and distribution in Asian Indians with
and without CAD appear to be justified.

In conclusion, Lp(a) appears to be a
useful marker of CAD in NIDDM patients in

South India, independent of age, sex, BMI,
smoking, hypertension, and other lipid
parameters. High levels of Lp(a) along with
high prevalence of NIDDM and low HDL
cholesterol levels may render Asian Indians
particularly vulnerable to malignant athero-
sclerosis at a young age. Further studies on
Asian Indians directed at the possible multi-
plicative effects of these three powerful and
prevalent risk factors are urgently needed.

Acknowledgments— Wke thank K. Karkuzhali
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