Editorial

Lipoprotein(a) [Lp(a)] is emerging from an era of inattention to assume a possible leading role in degenerative
disease. This low-density lipoprotein (LDL)-like particle
is now both epidemiologically and mechanistically associated with coronary artery disease (1). Among nondiabetic non-black populations, it may be a potent
marker and physiological element in the formation of
atherosclerosis. Lp(a) may function in both the silent and
climactic thrombotic events associated with intimal pathology, myocardial infarction, and stroke (2). Although
it seems likely that Lp(a) will also be related to coronary
vascular disease in diabetes, studies confirming this
speculation are not available. Herein, we review the
structure-function relationship of Lp(a) and the epidemiological evidence implicating its role in coronary disease and raise some questions regarding Lp(a) in
diabetes.

WHAT IS Lp(a)?
Lp(a) is a complex particle containing lipid, protein, and
carbohydrate. The protein core is composed of two large
apolipoproteins (apo), apo(a) and B, linked together
through a single disulfide bond (3). Cholesterol ester is
the major lipid component, but it contains more triglyceride than LDL (4). Apo(a) mRNA is found in the liver,
brain, and testes (5), but the particle's principal and
possibly exclusive assembly point is the liver. Indirect
evidence indicates that Lp(a) binds to the B-E receptor
(6), but its intracellular metabolism may differ from LDL
(7); much remains to be determined concerning the control of its production and clearance.
The distinguishing feature of Lp(a) and the focus of
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much scientific attention is its unique apo(a). Utermann
et al. (8) found several isoforms of human apo(a) that
vary extensively in both molecular weight (400,000700,000 Mr) and carbohydrate content. There appears
to be a direct relationship between the size of the phenotype expressed and the plasma concentrations; individuals expressing the larger apo(a) phenotypes are
found to have the highest plasma concentrations of Lp(a)
(9).
The most intriguing structural features of apo(a) are
triple-loop cysteine-linked amino acid domains called
kringles. These lysine-binding kringles get their name
from the coiled fat-laden similarly atherogenic Danish
pastry. Some of the kringles are strikingly similar to those
in plasminogen (amino acid homology 75-94%), a serum proteolytic enzyme needed to promote the cleavage
of clot-borne fibrin (10). The relationship between the
two proteins is strengthened by the observation that the
genes lie in close proximity to one another on the long
arm of chromosome 6 (11). The structural similarity of
the kringles to those in plasminogen casts suspicion that
Lp(a) has a physiological or pathophysiological role in
the clotting system. Therein may lie a key link between
the lipoproteins and the final, often dramatic events in
coronary heart disease.
Lp(a) may draw itself into thrombolysis through one
or more mechanisms. It has been shown to reduce plasmin activity in vitro, although it has little or no plasminlike activity (12). Apo(a), probably through its
lysine-binding kringles, adheres to fibronectin, complement C3, prothrombin (13), and, perhaps most importantly, fibrin (14). By binding to fibrin, it reduces the
number of available sites to form a trimolecular complex
composed of tissue plasminogen activator, plasminogen, and fibrin. This results in decreased production of
plasmin and, consequently, reduced clot lysis.
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In vivo, Lp(a)'s role in atherosclerosis is one of guilt
by association. The most concrete piece of evidence is
the visualization of apo(a) immunoreactivity in human
atheroma (15). It has been proposed that Lp(a) is drawn
to nascent atheromata by fibrin surrounding injured endothelium and that it surrenders its cholesterol to intimal
fibroblasts (16). Chemically modified Lp(a) may be even
more potent in this regard (17), an observation of potential relevance to the diabetic patient. However, glycosylation or other postsynthetic modifications unique
to diabetes have not been reported.

EPIDEMIOLOGY OF Lp(a)
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In this issue, Levitsky et al. (p. 283) report on the relationship of Lp(a) with glycosylated hemoglobin among
groups of white and black diabetic and nondiabetic children. As previously found, blacks in this study had
significantly higher levels of Lp(a) than whites (23).
Curiously though, only the white diabetic children demonstrated a relationship between glycosylated hemoglobin values and Lp(a) concentrations (r = 0.46). Thus,
this study suggests that poor diabetic control raises Lp(a)
levels among genetically prone individuals and adds another element to the deranged lipid metabolism of hyperglycemia and diabetes.
Note that the sample size in this study was small.
Nevertheless, the finding raises a series of intriguing
questions. First, it is evident that a mechanistic interrelationship exists between diabetes (or perhaps hyperglycemia) and Lp(a) metabolism. We can deduce that poor
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The important epidemiological association of Lp(a) with
atherosclerosis was recognized in the early 1970s when
several groups found increased amounts of Lp(a) containing pre-P-lipoprotein bands on electrophoresis in the
blood of patients with angina or anatomic evidence of
atherosclerotic vascular disease (18,19). More recently,
among whites and Japanese Americans, Lp(a) has been
shown to be an independent correlate of the presence
of coronary artery disease (20,21). In the Honolulu
Heart Study, men with Lp(a) levels in the upper quartile
compared with men in the lower three quartiles had an
odds ratio of 2.54 for history of myocardial infarction.
Multivariate analysis revealed that the risk conferred by
an elevated serum Lp(a) was independent of more traditional risk factors such as high-density lipoprotein
(HDL)- and LDL-cholesterol, total cholesterol concentrations, hypertension, smoking, or age (22). Certain inherited Lp(a) phenotypes seem to be correlated with
both elevated Lp(a) concentrations and the presence of
coronary heart disease (21). We await the results of similar investigations and prospective studies conducted
among patients with diabetes or impaired glucose tolerance.

glycemic control may increase the synthesis and/or
reduce clearance of Lp(a). But why is the relationship
detected only among whites? Are the mechanisms
governing Lp(a) metabolism different among racially diverse populations? Could these differences be related to
various Lp(a) isoforms or to differences in baseline levels?
A second study by Haffner et al. (p. 302) reports on
the effect of improved control on Lp(a) levels in 12 insulin-dependent diabetic subjects. The subjects were instructed in intensified insulin therapy and taught to
follow an individualized algorithm for insulin-dose adjustment. After 3 wk, the glycosylated hemoglobin and
Lp(a) values fell significantly. However, there was no
detectable change in total cholesterol or LDL- or HDLcholesterol.
This study offers some interventional hope to diabetic
patients and additional ammunition to advocates of tight
metabolic control. However, some strong words of caution are needed in this regard. Lp(a) has not been shown
to be an independent risk factor in diabetes; studies
broadly addressing the role of Lp(a) in atherosclerosis
among diabetic patients are needed. Furthermore, it has
not been established that cardiovascular risk is actually
improved by lowering Lp(a). However, if it follows the
edicts established by most other cardiovascular risk factors, we can hope that well-controlled diabetic patients
will have lower rates of coronary artery disease. In any
case, the time to advocate routine measurement of Lp(a)
in diabetic and nondiabetic patients has not come. We
need to learn much more about its metabolism, the role
of its various isoforms in promoting atherosclerosis, and
the possible postsynthetic alterations of Lp(a) in diabetes
that may make it an even more potent protagonist of
intimal disease and pathological thrombosis.
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