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Ascorbic acid supplementation does not lower plasma
lipoprotein(a) concentrations
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Abstract

Elevated plasma concentrations of lipoprotein(a) (Lp[a]) are associated with premature coronary heart disease (CHD). Lp(a) is
a lipoprotein particle consisting of low-density lipoprotein (LDL) with apolipoprotein (apo) (a) attached to the apo B-100
component of LDL. It has been hypothesized that ascorbic acid supplementation may reduce plasma levels of Lp(a). The purpose
of this study was to determine whether ascorbic acid supplementation at a dose of 1 g/day would lower plasma concentrations
of Lp(a) when studied in a randomized, placebo-controlled, blinded fashion. One hundred and one healthy men and women
ranging in age from 20 to 69 years were studied for 8 months. Lp(a) values at baseline for the placebo group (n=52) and the
ascorbic acid supplemented group (n=49) were 0.026 and 0.033 g/l, respectively. The 8-month concentrations were 0.027 g/l
(placebo) and 0.038 g/l (supplemented group). None of these values were significantly different from each other. In addition, no
difference in plasma Lp(a) concentration was seen between the placebo and supplemented groups when only subjects with an
initial Lp(a) value of ]0.050 g/l were analyzed. Our data indicate that plasma Lp(a) concentrations are not significantly affected
by ascorbic acid supplementation in healthy human subjects. © 2000 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

Lipoprotein(a) (Lp[a]) is a plasma particle that was
first identified by Berg in 1963 [1]. Lp(a) is composed of
a low density lipoprotein (LDL) particle and a highly
glycosylated apolipoprotein (apo), apo(a), disulfide-
linked to the apo B-100 of the LDL. Most prospective
studies identify Lp(a) as a risk factor for coronary heart
disease (CHD) [2–4].

Rath and Pauling linked Lp(a) concentrations with
ascorbic acid concentrations by hypothesizing that the
former may be a surrogate for the latter [5]. Subse-
quently, these investigators showed that administration
of ascorbic acid to guinea pigs deficient in ascorbic acid
resulted in a decrease of apo(a) accumulation in the
arterial walls of the animals [6]. Although these findings
have not been reproduced by other investigators, an
interest in the possibility of using ascorbic acid supple-

mentation to lower plasma Lp(a) concentrations in
humans was generated.

To assess whether ascorbic acid would reduce Lp(a)
concentrations in plasma, we examined the effect of
ascorbic acid supplementation in 101 healthy subjects
over an 8-month period in a randomized, blinded,
placebo-controlled fashion.

2. Methods

Subjects were part of a larger trial designed to exam-
ine the effects of ascorbic acid supplementation on
plasma cholesterol concentrations [7]. The study was
approved by the Human Investigation Review Commit-
tee of New England Medical Center and Tufts Univer-
sity. Exclusion criteria for the study included an
elevated plasma ascorbic acid (PAA) concentration (\
80 fmol for men and \90 fmol for women), a body
mass index (BMI) \31 kg/m2 for men and \33 kg/m2

for women, a high density lipoprotein (HDL) choles-
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terol level \1.4 mmol/l for men or \1.7 mmol/l for
women, and a plasma total cholesterol level \6.7
mmol/l. Individuals who were current smokers, had a
history of diabetes, heart disease, or liver disease, or
used lipid-lowering medications or ascorbic acid sup-
plements were also excluded. Of the 138 subjects re-
cruited for the original study there was sufficient
plasma from 101 subjects for measurement of Lp(a).

Subjects were randomized to receive either two 500
mg ascorbic acid tablets (Hoffman–LaRoche) or two
matching placebo tablets per day. Subjects were in-
structed to take one tablet in the morning and one
tablet in the evening for a period of 8 months. Fast-
ing blood samples were obtained at baseline and at 8
months. PAA concentrations and returned pills were
used to determine compliance. Plasma for ascorbic
acid analyses was stabilized immediately after sample
collection and then frozen at −70°C until the subject
had finished the trial. Ascorbic acid concentrations
were determined using a procedure adapted from the
method described by Roe and Keuther [8]. Plasma
Lp(a) was measured by an enzyme-linked immunosor-
bent assay (ELISA) (Macra Lp(a), Terumo Corp.,

Elkton, MD, now being marketed by Wampole Labo-
ratories, Cranberry, NJ). Measurements of total
cholesterol, HDL cholesterol, and triglyceride in
plasma were carried out using enzymatic methods as
previously described [7].

Student t-tests were performed to detect any differ-
ences between the placebo and supplemented groups
at baseline and 8-month values. Analysis of covari-
ance (ANCOVA) was used to adjust the Lp(a) con-
centrations at 8 months for differences in baseline
Lp(a) concentrations between the ascorbic acid group
and the placebo group and to test for differences be-
tween the groups at 8 months. Because triglyceride
and Lp(a) distributions were skewed, these data were
log-transformed prior to analysis. Analyses were per-
formed with SPSS statistical software [9]. Geometric
means and associated confidence intervals (CI) are
presented as the anti-logarithm of the transformed
means and CI.

2.1. Results

The baseline characteristics of the placebo (n=52)
and the supplemented (n=49) groups are described in
Table 1. Females comprised approximately 30% of
both groups; they were combined with the males in
all statistical analyses because there were no gender
differences with respect to Lp(a) concentrations or the
relationship between ascorbic acid and Lp(a). There
were no differences between the groups in any of the
baseline characteristics.

Presented in Table 2 are the geometric mean Lp(a)
concentrations of the placebo and ascorbic acid
groups at baseline and at 8 months. There were no
statistically significant differences between the supple-
mented or placebo groups at either time-point with
regard to Lp(a) concentrations.

We also tested whether 35 subjects that had base-
line plasma Lp(a) concentrations ]0.050 g/l were
more responsive to ascorbic acid supplementation.
Seventeen of these subjects were taking placebo and
18 were taking the supplement. The geometric mean
baseline Lp(a) concentrations were 0.095 and 0.099 g/l
(P=0.84) for subjects taking the placebo and ascor-
bic acid supplement, respectively. In both groups, the
Lp(a) concentration at 8 months was 0.110 g/l (P=
0.71).

To examine whether baseline PAA concentration
had an effect on the response of Lp(a) to ascorbic
acid supplementation, the subjects were dichotomized
into two groups: those with PAA B55 mmol/l (n=
61) and those with ]PAA 55 mmol/l (n=40). The
baseline and month 8 Lp(a) concentrations were
not different between these groups when analyzed ac-
cording to their supplementation status (data not
shown).

Table 1
Baseline characteristics of the placebo and ascorbic acid supple-
mented groups

Placebo Ascorbic acid
(n=52) (n=49)

Agea 41911 42910
BMI (kg/m2)a 25.593.0 25.992.4

0.027 [0.003, 0.211]Lipoprotein(a) (g/l)b 0.029 [0.008, 0.193]
5.21 [3.36, 6.44]Total cholesterol 4.94 [3.70, 6.54]

(mmol/l)b

LDL cholesterol 3.30 [1.89, 4.42] 3.01 [2.04, 4.42]
(mmol/l)b

HDL cholesterol 1.19 [0.75, 1.47] 1.11 [0.85, 1.55]
(mmol/l)b

1.21 [0.58, 3.39] 1.06 [0.65, 2.38]Triglycerides (mmol/l)b

a Mean9SD.
b Median [5th, 95th percentiles].

Table 2
Geometric mean plasma Lp(a) concentrations (g/l) of the placebo and
ascorbic acid groups a; baseline and at 8 months

Placebo P-valueAscorbic acid
(n=49)(n=52)

0.026 (0.019–0.036) 0.033 (0.025–0.044) 0.25Baselinea

0.027 (0.019–0.038)Month 8b 0.038 (0.029–0.050) 0.15
0.031 0.034 0.31Month 8c

a Geometric mean (CI).
b Unadjusted geometric mean (CI).
c Geometric mean adjusted for baseline Lp(a).
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3. Discussion

The purpose of the present study was to determine
whether ascorbic acid supplementation at the dose of
1 g/day for 8 months would lower Lp(a) concentra-
tions in a normal population in a randomized,
placebo-controlled fashion. Ascorbic acid, as a rela-
tively nontoxic and inexpensive antioxidant, would be
an ideal candidate for lowering Lp(a) without the ad-
verse side effects of other therapies. Unfortunately,
our data indicate that ascorbic acid supplementation
at the dose studied does not significantly lower Lp(a)
concentrations. We concede that the concentrations of
Lp(a) in this healthy population are relatively low.
The normal distribution in Caucasians is highly
skewed with approximately 60% of individuals having
Lp(a) B10 mg/dl [10]. However, we do feel that our
conclusion is correct. Mensink et al. reported signifi-
cant diet-related decreases in Lp(a) concentrations that
initially were comparable to those in the present study
indicating that even at relatively low levels, Lp(a) is
susceptible to change [11].

Our results are in agreement with those of two other
studies investigating the potential Lp(a)-lowering effect
of ascorbate supplementation [12,13]. The first study
involved patients with premature CHD [12]. Forty-
three subjects were given either 4.5 g ascorbate or
placebo daily for 12 weeks. There was no change in
Lp(a) concentrations at the end of the treatment pe-
riod despite a 120% increase in plasma ascorbate con-
centrations. While important, this study is limited to
people with existing premature CHD. Lp(a) has been
reported to be an acute-phase reactant [14] and inter-
leukin 6-responsive elements have been identified in
the apo(a) gene promoter [15]; therefore, the
metabolism of Lp(a) in subjects with chronic disease
may be altered due to various factors of the immune
response.

The second study used 124 healthy individuals and
the dose of ascorbic acid was either 1 or 2 g daily for
a 1-month period followed by a 1-month ‘washout’
period [13]. There was no reduction in plasma Lp(a)
concentrations after treatment or after the washout
period. However, the study was not blinded or
placebo-controlled, the supplementation period was
short (1 month), and compliance was not determined.

Although ascorbic acid appears to have no effect on
plasma concentrations of Lp(a), it may still indirectly
play an important role in the metabolism of this lipo-
protein particle. The reduced apo(a) accumulation in
the arterial wall matrix of the guinea pig after ascor-
bate supplementation observed by Rath and Pauling
may not necessarily have been due to reduced circulat-
ing Lp(a) levels. The presence of ascorbic acid could
have led to a more rapid and complete repair of artery
walls after injury, making them less susceptible to de-

position of Lp(a) and other lipoproteins. It is thought
that oxidized lipoproteins in the arterial wall lead to
the formation of foam cells [16]. These cells in turn,
lead to the formation of fatty streaks, the earliest
lesion associated with atherogenesis. The antioxidant
properties of ascorbic acid may help to prevent lipo-
protein oxidation and thus, foam cell formation. In
this manner ascorbic acid may contribute to the pro-
tection against CHD that human populations with
high intakes of ascorbic acid via fruits and vegetables
appear to experience [17]. Further studies are needed
to determine the mechanism(s) for this protection.
However, the findings of this study indicate that ascor-
bic acid cannot be recommended as an Lp(a)-lowering
agent.
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