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BSTRACT

 

Background

 

We have previously demonstrated an
association between elevated total plasma homocys-
teine levels and restenosis after percutaneous coro-
nary angioplasty. We designed this study to evaluate
the effect of lowering plasma homocysteine levels on
restenosis after coronary angioplasty.

 

Methods

 

A combination of folic acid (1 mg), vita-
min B

 

12

 

 (400 µg), and pyridoxine (10 mg) — referred
to as folate treatment — or placebo was administered
to 205 patients (mean [±SD] age, 61±11 years) for six
months after successful coronary angioplasty in a pro-
spective, double-blind, randomized trial. The primary
end point was restenosis within six months as as-
sessed by quantitative coronary angiography. The sec-
ondary end point was a composite of major adverse
cardiac events.

 

Results

 

Base-line characteristics and initial angio-
graphic results after coronary angioplasty were similar
in the two study groups. Folate treatment significantly
lowered plasma homocysteine levels from 11.1±4.3 to
7.2±2.4 µmol per liter (P<0.001). At follow-up, the min-
imal luminal diameter was significantly larger in the
group assigned to folate treatment (1.72±0.76 vs.
1.45±0.88 mm, P=0.02), and the degree of stenosis
was less severe (39.9±20.3 percent vs. 48.2±28.3 per-
cent, P=0.01). The rate of restenosis was significantly
lower in patients assigned to folate treatment (19.6
percent vs. 37.6 percent, P=0.01), as was the need for
revascularization of the target lesion (10.8 percent vs.
22.3 percent, P=0.047).

 

Conclusions

 

Treatment with a combination of folic
acid, vitamin B

 

12

 

, and pyridoxine significantly reduces
homocysteine levels and decreases the rate of reste-
nosis and the need for revascularization of the target
lesion after coronary angioplasty. This inexpensive
treatment, which has minimal side effects, should be
considered as adjunctive therapy for patients under-
going coronary angioplasty. (N Engl J Med 2001;345:
1593-600.)
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HE occurrence of restenosis after percutane-
ous coronary angioplasty remains an impor-
tant limitation of the procedure,

 

1

 

 and ef-
fective pharmacotherapy has been elusive.

 

2-5

 

Thus, the observation that the total plasma homocys-
teine level is an important predictor of cardiovascular
risk

 

6,7

 

 and correlates with the severity of coronary ar-
tery disease

 

8,9

 

 has led to interest in its potential role in
restenosis. Although the mechanism of homocysteine-
induced vascular damage is not known, a number of

T

 

potential links have been suggested.

 

10-14

 

 We have pre-
viously shown that patients with plasma homocysteine
levels below 9 µmol per liter have a 49 percent lower
rate of coronary restenosis than patients with higher
plasma homocysteine levels.

 

15

 

 Since plasma homocys-
teine can be reliably lowered 25 to 30 percent with a
daily dose of at least 500 µg of folic acid in combina-
tion with vitamin B

 

12

 

 and pyridoxine,

 

6,16

 

 we hypothe-
sized that lowering of homocysteine levels would de-
crease the rate of restenosis after coronary angioplasty.

 

METHODS

 

Study Design

 

We conducted a prospective, double-blind, randomized trial,
enrolling consecutive patients who had undergone successful an-
gioplasty of at least one coronary stenosis of 50 percent or more.
The study protocol was approved by the local ethics committee,
and patients gave written informed consent. Patients who had un-
stable angina, myocardial infarction within the previous two weeks,
clinically significant disease of the left main artery, angioplasty of
a bypassed vessel with a patent graft, or renal dysfunction (defined
by a serum creatinine level of more than 1.8 mg per deciliter [160
µmol per liter]) or who were taking multivitamins, participating in
other trials, or unwilling to undergo follow-up angiography were
not enrolled. Patients were randomly assigned to receive either folic
acid (1 mg), vitamin B

 

12

 

 (400 µg), and pyridoxine (10 mg) daily
— subsequently referred to as folate treatment — or placebo. Fast-
ing levels of total plasma homocysteine were measured at admission
and at follow-up examination with the use of the technique de-
scribed by Ubbink et al., a sensitive and reproducible method with
a coefficient of variation of 6.6 percent and a lower limit of detec-
tion of 2 µmol per liter.

 

17

 

Percutaneous Coronary Angioplasty

 

Coronary angioplasty was performed with standard guide wires
and balloon catheters. The pressure and duration of inflation, as well
as the use of stents and adjunctive drug therapy (heparin, aspirin,
ticlopidine or clopidogrel, or glycoprotein IIb/IIIa inhibitors), were
left to the discretion of the operator. Successful coronary angioplasty
was defined as residual stenosis of less than 35 percent with a nor-
mal (Thrombolysis in Myocardial Infarction grade 3) flow pattern.
Clinical and angiographic follow-up was performed at six months,
or earlier if symptoms recurred. Follow-up angiographic data ob-
tained less than three months after coronary angioplasty were in-
cluded if restenosis was documented; otherwise, patients were asked
to return for the six-month follow-up examination.

 

Angiographic Evaluation

 

Base-line coronary angiograms were obtained in two orthogonal
views after dilation with nitrates. Quantitative coronary angiography
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Downloaded from www.nejm.org on November 10, 2009 . For personal use only. No other uses without permission. 



 

1594

 

·

 

N Engl J Med, Vol. 345, No. 22

 

·

 

November 29, 2001

 

·

 

www.nejm.org

 

The New England Journal  of  Medicine

 

was performed with the use of an automated edge-detection system
(Philips Integris-BH-3000, Version 2, if on-line, or Philips View-
Station-CDM-3500, Version 2, if off-line; Philips, Best, the Neth-
erlands). The tip of the diagnostic or guiding catheter (positioned
at the coronary ostium) was used as a scaling device to obtain ab-
solute arterial dimensions. The same views and calibration tech-
niques were used at follow-up examination. End-diastolic frames
in the two orthogonal views showing maximal severity of stenosis
were chosen for measurement of the luminal diameter. The reference
diameter of the vessel, the minimal diameter of the lumen, the de-
gree of stenosis — expressed as a percentage of the diameter of the
vessel — and the length of the lesion were calculated as the average
value of the two views. Late loss in luminal diameter was defined as
the minimal luminal diameter immediately after coronary angioplas-
ty minus the minimal luminal diameter at follow-up. Restenosis was
defined as stenosis of 50 percent or more at follow-up examination.
Patients who had more than one lesion treated were defined as hav-
ing restenosis if at least one dilated artery fulfilled the criteria for
restenosis. Angiograms were analyzed by an experienced interven-
tional cardiologist who was unaware of homocysteine levels or treat-
ment assignments. The intraobserver variability for minimal lu-
minal diameter and degree of stenosis was 0.15±0.22 mm and
7±12 percent, respectively.

 

Study End Points

 

The primary end point with respect to efficacy was the presence
or absence of restenosis of 50 percent or more at follow-up exam-
ination. An additional analysis of the rate of restenosis per dilated
lesion was performed. The rate of restenosis was also analyzed ac-
cording to the absolute and relative reduction in homocysteine lev-
els achieved. The secondary end point was a composite of major ad-
verse cardiac events defined as death from cardiac causes, nonfatal
myocardial infarction (new pathologic Q waves), or revascularization
of the target lesion.

 

Statistical Analysis

 

A sample size of 91 patients in each treatment group was needed
to achieve a statistical power of 0.80 to detect a 20 percent reduction
in the absolute rate of restenosis. To account for the possibility of
patients lost to follow-up, the planned sample size was 205 patients.
Skewed variables were log-transformed before analysis. Results are
shown in natural units. Categorical variables are reported as counts
(percentages) and continuous variables as means ±SD. For categor-
ical variables, a continuity-corrected chi-square test was used to test
differences between the two treatment groups. For continuous var-
iables, a two-tailed t-test was employed. The Spearman rank-corre-
lation coefficient was used to estimate the correlation between late
loss of luminal diameter and homocysteine levels at follow-up. Kap-
lan–Meier survival curves were used to evaluate freedom from ma-
jor adverse cardiac events, and differences in the treatment effect
were assessed with the Mantel–Cox log-rank test. Multiple logistic-
regression analysis was used to evaluate the relation between an-
giographically identified restenosis and multiple clinical and an-
giographic variables, including the use of stents, the treatment of
restenotic lesions, the size of the vessels involved, the postprocedur-
al minimal luminal diameter, and the location of the target lesion.
A two-tailed P value of less than 0.05 was considered to indicate
statistical significance. Data were prospectively collected and ana-
lyzed with the use of StatView software (version 4.5, SAS Institute,
Cary, N.C.).

 

RESULTS

 

A total of 205 patients were randomly assigned to
either folate treatment (105 patients) or placebo (100
patients). Twenty-eight patients did not complete fol-
low-up: 9 (3 assigned to folate treatment and 6 to pla-
cebo) discontinued the study medication and declined
clinical follow-up and follow-up angiography, 16 (9 as-

signed to folate treatment and 7 to placebo) declined
follow-up angiography, and 3 (1 assigned to folate
treatment and 2 to placebo) died before the follow-up
reevaluation. This left a total of 196 patients (95.6
percent) with clinical follow-up data and 177 patients
(86.3 percent) with angiographic follow-up data. One
patient assigned to folate treatment discontinued the
study medication because of pruritus. No other side
effect was reported. In terms of base-line clinical, lab-
oratory, and angiographic criteria, the 28 patients
without angiographic follow-up data and the 9 pa-
tients without clinical follow-up data did not differ
significantly from the remaining population.

 

Clinical Characteristics and Laboratory Findings

 

The two study groups were similar in terms of sex,
age, and cardiovascular risk factors (Table 1). Twenty-
two percent of the patients were women; the mean age
was 61 years, and the distribution of cardiovascular
risk factors was typical of a population in central Eu-
rope. The base-line demographic characteristics, the
severity of coronary artery disease (as measured by the
presence or absence of a history of previous myocardial
infarction, the prior use or nonuse of revascularization
with bypass surgery or angioplasty, and the number
of treated lesions per patient), and the base-line labo-
ratory values were not significantly different between
the two study groups. As expected, homocysteine
levels at follow-up were significantly lower in patients
assigned to folate treatment than in those assigned
to placebo (7.2±2.4 vs. 9.5±3.6 µmol per liter, P<
0.001).

 

Angiographic Analysis

 

The mean duration of angiographic follow-up was
27±6 weeks. There was no significant difference be-
tween the two study groups with regard to the size
of the vessels involved, the minimal luminal diameter,
and the degree of stenosis before and immediately af-
ter coronary angioplasty (Table 2). There was a some-
what higher rate of use of stents in control patients
(P=0.23), whereas the rate of use of glycoprotein
IIb/IIIa inhibitors was similar in the two groups. At
follow-up, lesions in the group assigned to folate treat-
ment had a larger minimal luminal diameter (1.72±
0.76 vs. 1.45±0.88 mm, P=0.02) and less severe
stenosis (39.9±20.3 percent vs. 48.2±28.3 percent,
P=0.01). In Figure 1, the minimal luminal diameters
before and immediately after coronary angioplasty
demonstrate the similarity of the two study groups
at base line and the similar angiographic gain after
angioplasty. However, at follow-up a higher amount
of late loss of luminal diameter can be seen in the
control group (0.82±0.76 vs. 0.61±0.74 mm, P=
0.03). There was a correlation between late loss of lu-
minal diameter and homocysteine levels at follow-up
(r=0.27, P<0.001; a loss of 0.1 mm of luminal di-
ameter per 1.7 µmol of plasma homocysteine per li-
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ter). This correlation was stronger for lesions treated
with balloon angioplasty only (r=0.48, P<0.001;
0.1-mm loss of luminal diameter per 1.2 µmol of plas-
ma homocysteine per liter). This correlation was not
reproducible for stented lesions (r=0.07, P=0.44).

 

End Points

 

In the group assigned to folate treatment, 19.6 per-
cent (18 of 92 patients) reached the primary end point
of restenosis, as compared with 37.6 percent (32 of
85) in the control group (P=0.01), corresponding to
a relative reduction of 48 percent (relative risk, 0.52;
95 percent confidence interval, 0.32 to 0.86). When
individual lesions were considered, there was a 15.7
percent (19 of 121 lesions) rate of restenosis in the
group assigned to folate treatment, as compared with

a 34.5 percent (38 of 110 lesions) rate of restenosis in
the control group (P=0.002), corresponding to a rel-
ative reduction of 54 percent (relative risk, 0.46; 95
percent confidence interval, 0.28 to 0.73) (Fig. 2).
In 101 lesions treated with balloon angioplasty only,
there was a relative reduction of 76 percent with folate
treatment (10.3 percent [6 of 58 lesions] vs. 41.9 per-
cent [18 of 43 lesions], P<0.001; relative risk, 0.25;
95 percent confidence interval, 0.11 to 0.57). In 130
stented lesions, we observed a trend toward a lower
rate of restenosis with folate treatment (20.6 percent
[13 of 63 lesions] vs. 29.9 percent [20 of 67 lesions],
P=0.32; relative risk, 0.69; 95 percent confidence
interval, 0.38 to 1.27). The absolute and relative re-
ductions in homocysteine levels were greater in pa-
tients without restenosis than in those with resteno-

 

*Plus–minus values are means ±SD. To convert values for cholesterol to millimoles per liter, mul-
tiply by 0.0259; to convert values for triglycerides to millimoles per liter, multiply by 0.0113; to con-
vert values for creatinine to micromoles per liter, multiply by 88.4.

†Smokers were defined as current smokers and patients who had discontinued smoking within the
previous six months.

‡Diabetes mellitus was defined by a glycosylated hemoglobin level of at least 6.2 percent or the
current use of insulin or oral hypoglycemic therapy.

§Hypertension was defined by an arterial pressure of at least 140/90 mm Hg or the current use
of antihypertensive therapy.

¶Hypercholesterolemia was defined by a cholesterol level of at least 200 mg per deciliter (5.2 mmol
per liter) or the current use of lipid-lowering drugs.

¿The normal range of plasma homocysteine levels is considered to be between 5 and 15 µmol per
liter, but many authors believe that the upper limit of the normal range should be 10 to 12 µmol per
liter.
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(N=105)
C

 

ONTROL

 

 
(N=100) P V

 

ALUE

 

Sex (M/F) 80/25 79/21 0.76

Age (yr) 61.3±11.3 61.1±11.5 0.91

Smoker (%)† 40 43 0.77

Diabetes mellitus (%)‡ 26 28 0.84

Arterial hypertension (%)§ 62 65 0.76

Hypercholesterolemia (%)¶ 85 78 0.26

Previous myocardial infarction (%) 57 57 0.90

Myocardial infarction within the previous six months (%) 31 33 0.93

Previous percutaneous transluminal coronary angio-
plasty (%)

29 30 0.95

Previous coronary-artery bypass grafting (%) 11 12 0.93

Number of treated lesions 1.35±0.65 1.31±0.61 0.67

Laboratory findings
Glycosylated hemoglobin (%)
Creatinine (mg/dl)
Homocysteine (µmol/liter)¿

Base line
Follow-up

Cholesterol (mg/dl)
High-density lipoprotein cholesterol (mg/dl)
Low-density lipoprotein cholesterol (mg/dl)
Triglycerides (mg/dl)

6.0±1.2
1.04±0.22

11.1±4.3
7.2±2.4

216±46
46±12

127±39
195±142

6.0±1.0
1.04±0.18

10.8±4.0
9.5±3.6

212±46
46±15

131±46
177±133

0.81
0.99

0.61
<0.001

0.84
0.76
0.73
0.51

Therapy at discharge (%)
Statins
Beta-blockers
Angiotensin-converting–enzyme inhibitors

72
63
35

70
69
34

0.83
0.44
0.97
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sis (3.1±3.6 vs. 1.8±3.9 µmol per liter, P=0.037, and
26.6±37.9 percent vs. 12.5±43.1 percent, P=0.038,
respectively). Finally, among patients treated with
folate, 14.1 percent (13 of 92 patients) had no re-
sponse, with homocysteine levels at follow-up un-
changed or higher than at the time they entered the
study. In these patients, folate treatment did not pro-
vide any significant improvement in the rate of rest-
enosis as compared with control patients (30.8 per-
cent [4 of 13 patients] vs. 37.6 percent [32 of 85
controls], P=0.87).

Multivariate analysis including variables known to
influence restenosis after coronary angioplasty (the use
of stents, the treatment of restenotic lesions, the size
of the vessels involved, the postprocedural minimal
luminal diameter, and the location of the target lesion)
did not significantly change the ability of folate treat-
ment to lower the rate of restenosis after coronary
angioplasty. After multivariate analysis, only folate
treatment (P=0.007) and prior restenosis (P=0.011)
retained significance.

There was a lower incidence of major adverse car-
diac events at six months in patients assigned to folate

treatment (12.7 percent [13 of 102 patients]) than in
control patients (24.5 percent [23 of 94 controls],
P=0.055; relative risk, 0.52; 95 percent confidence
interval, 0.28 to 0.98). When analyzed at each time
point during the follow-up period, this difference be-
tween treatment groups is significant (P=0.02) (Fig.
3). This difference in the composite end point was
primarily due to a reduced rate of revascularization of
the target lesion (10.8 percent [11 of 102 patients] vs.
22.3 percent [21 of 94 controls], P=0.047; relative
risk, 0.48; 95 percent confidence interval, 0.25 to
0.94). No difference was seen between the two groups
in the rate of death from cardiac causes (1.0 percent
[1 of 102 patients] vs. 2.1 percent [2 of 94 controls],
P=0.95) and nonfatal myocardial infarction (4.9 per-
cent [5 of 102 patients] vs. 7.4 percent [7 of 94 con-
trols], P=0.66).

 

DISCUSSION

 

Homocysteine levels are modulated through a series
of steps in the pyridoxal phosphate–dependent cysta-
thionine 

 

b

 

-synthase pathway or through vitamin B

 

12

 

–
and folate-dependent remethylation to methionine.

 

*Plus–minus values are means ±SD.

†Because of rounding, not all values sum to 100.

‡Complex lesions were defined as lesions of types B2 and C according to the modified classification
of the American College of Cardiology and the American Heart Association.
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(N=121)
C

 

ONTROL

 

 
(N=110) P V

 

ALUE

 

Lesion location (%)†
Left anterior descending coronary artery
Proximal left anterior descending coronary artery
Circumflex coronary artery
Right coronary artery

48
18
23
29

54
20
24
23

0.49
0.86
0.95
0.36

Restenotic lesions (%) 7 6 0.86

Complex lesions (%)‡ 61 63 0.92

Treatment options (%)
Stenting
Glycoprotein IIb/IIIa inhibitors

52
12

61
14

0.23
0.94

Plasma homocysteine (µmol/liter)
Base line
Follow-up

11.0±3.9
7.3±2.4

10.8±3.9
9.3±3.6

0.71
<0.001

Reference-vessel diameter (mm)
Before angioplasty
After angioplasty
At follow-up

2.84±0.69
3.05±0.68
2.83±0.68

2.83±0.63
2.95±0.58
2.72±0.54

0.90
0.26
0.19

Minimal luminal diameter (mm)
Before angioplasty
After angioplasty
At follow-up

0.95±0.49
2.33±0.64
1.72±0.76

0.86±0.47
2.27±0.57
1.45±0.88

0.16
0.45
0.02

Degree of stenosis (%)
Before angioplasty
After angioplasty
At follow-up

66.8±15.1
23.6±10.1
39.9±20.3

69.2±15.6
23.4±10.1
48.2±28.3

0.24
0.85
0.01

Lesion length (mm) 12.7±7.5 12.5±6.3 0.84
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Figure 1.

 

 Cumulative Distribution of Minimal Luminal Diameters at Base Line, Immediately after Per-
cutaneous Coronary Angioplasty, and at Six Months of Follow-up for 231 Lesions.
The curves for the minimal luminal diameter at base line (before coronary angioplasty) and after cor-
onary angioplasty are nearly identical in the two groups, confirming similarity at base line and similar
angiographic gain. However, the curves for the minimal luminal diameter at six months show more
late loss of luminal diameter in lesions in the control group. P=0.02 for the comparison of minimal
luminal diameters at follow-up in the two groups.
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Figure 2.

 

 Risk of Restenosis with Folate Treatment among the Total Study Population and Subgroups
Stratified According to the Location of the Vessel Involved, the Use or Nonuse of Stents in the Lesions,
and the Type of Lesion (New or Restenotic).
Squares indicate the relative risk of restenosis in the group assigned to folate treatment as compared
with the control group; the size of each square is proportional to the number of lesions, and the hori-
zontal bars represent 95 percent confidence intervals.

All lesions (n=231)

0.5 1.5

Left anterior descending
coronary artery (n=117)

Circumflex coronary 
artery (n=54)

Right coronary 
artery (n=60)

Stent (n=130)

Balloon (n=101)

New (n=216)

Restenotic (n=15)

1.0

Relative Risk of Restenosis

Lower with folate Higher with folate
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It has been suggested that partial deficiencies of cys-
tathionine 

 

b

 

-synthase or 5',10'-methylene-tetrahydro-
folate reductase are associated with mild-to-moderate
elevations of plasma homocysteine levels and lead to
vascular disease.

 

20

 

 Elevated homocysteine levels may
reflect either genetic defects (in up to 14 percent of
patients)

 

20,21

 

 or acquired conditions such as folate,
pyridoxine, and vitamin B

 

12

 

 deficiencies or renal fail-
ure. On the basis of our previous findings showing
that moderately elevated homocysteine levels are as-
sociated with restenosis after coronary angioplasty,

 

15

 

the present study was designed to evaluate the effect
of the lowering of homocysteine levels on the rate of
restenosis.

The study provides evidence that folate treatment
lowers plasma homocysteine levels, significantly re-
duces the rate of restenosis after coronary angioplasty,
and — primarily through a reduction in the rate of
revascularization of the target lesion — decreases the
incidence of major adverse cardiac events. These results
were obtained with minimal side effects and at a very
low cost. Although other therapeutic approaches, such
as radiation therapy, have been proposed to achieve
similar results,

 

22

 

 the low cost and risk–benefit ratio of
folate therapy is appealing. The lowering of plasma
homocysteine levels was of particular benefit in non-
stented lesions, potentially challenging the current
trend of primary stenting. The size of the vessels in-
volved, the postprocedural minimal luminal diameter,
the treatment of restenotic lesions, and the location
of the target lesion have been shown to influence the
rate of restenosis.

 

23,24

 

 These variables were equally dis-

tributed between the two study groups, and the power
of folate treatment to lower the rate of restenosis re-
mained unaltered in multivariate analysis. The rate of
restenosis of 37.6 percent in control patients reflects
our relatively broad criteria for inclusion, including le-
sions in small vessels (less than 3.0 mm in diameter)
and segments previously treated for restenosis, both
of which have a high risk of restenosis (40 percent

 

25

 

and more than 50 percent,

 

26

 

 respectively). However,
these characteristics were equally distributed between
the two study groups and therefore did not influence
our findings.

The pathogenesis of homocysteine-induced vascular
damage and its possible role in restenosis are not clear-
ly understood. Nevertheless, several hypotheses have
been suggested. Elevated homocysteine levels stimu-
late proliferation of vascular smooth-muscle cells,

 

10,11

 

increase collagen deposition,

 

27

 

 impair endothelium-
dependent vasodilation,

 

12

 

 promote intimal thicken-
ing,

 

13

 

 and increase the production of extracellular su-
peroxide dismutase.

 

14

 

 There is also a clear association
between elevated homocysteine levels and increased
thrombogenicity through interaction with coagulation
factor V,

 

28

 

 protein C,

 

29

 

 tissue plasminogen activator,

 

30

 

and tissue factor activity.

 

31

 

 In a manner analogous to
the potent antioxidant properties of probucol,3 the
oxidant properties14 of homocysteine may also influ-
ence the occurrence of restenosis, even though other
antioxidants — i.e., beta carotene, vitamin E, and vi-
tamin C — have failed to reduce the rate of resteno-
sis after coronary angioplasty.3

Since the reduction in the rate of restenosis with
folate treatment was greatest in the lesions treated with
only balloon angioplasty, one may postulate a positive
effect on both vascular remodeling and neointimal
hyperplasia. However, since the method of treatment
(stent or balloon only) was left to the discretion of the
operator, these two subgroups cannot be readily com-
pared, even though the base-line characteristics of the
lesions were similar, with the exception of 15 restenotic
lesions, which were all treated with stents (P=0.001).
Furthermore, because intravascular ultrasonography
was not performed, the issue of the pathophysiologic
mechanism cannot be definitively addressed.

A critical question is whether the strong association
between the lowering of plasma homocysteine levels
and the decrease in the rate of restenosis reflects cau-
sality. Even though the two study groups were sim-
ilar in terms of base-line clinical, laboratory, and an-
giographic criteria, there was a nonsignificant trend
toward a greater use of stents in the control group;
the use of stents has been shown to reduce the rate of
restenosis.32,33 Despite this, the rate of restenosis was
higher in the control group. It could be speculated
that the higher rate of restenosis reflects the presence
of more complex lesions in the control group. This
possibility cannot be excluded, but the similar sever-
ity and morphologic features of the lesions19 at base

Figure 3. Kaplan–Meier Analysis of Freedom from Major Ad-
verse Cardiac Events in 196 Patients.
The rate of event-free survival was significantly higher among
patients assigned to folate treatment than among control pa-
tients. The relative risk of a major cardiac event with folate treat-
ment was 0.52 (95 percent confidence interval, 0.28 to 0.98). Re-
vascularization of the target lesion (relative risk, 0.48; 95 percent
confidence interval, 0.25 to 0.94) accounted for most of the ob-
served events.

0

100

0

90

80

70

30252015105

Weeks

P=0.02

Control

Folate

87.3

75.5

E
ve

n
t-

fr
ee

 S
u

rv
iv

al
 (

%
)

Copyright © 2001 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 10, 2009 . For personal use only. No other uses without permission. 



DECREASED RATE OF CORONARY RESTENOSIS AFTER LOWERING OF PLASMA HOMOCYSTEINE LEVELS

N Engl J Med, Vol. 345, No. 22 · November 29, 2001 · www.nejm.org · 1599

line as well as the similar angiographic results after an-
gioplasty between the two study groups do not sup-
port it. Thus, the trend toward a lower use of stents in
the group assigned to folate treatment may be seen to
strengthen our findings indirectly.

Other potential limitations merit consideration. We
cannot be certain whether the benefit seen was due
solely to lower homocysteine levels or was also influ-
enced by other effects of folate treatment. Despite the
findings of the Homocysteine Lowering Trialists’ Col-
laboration that pyridoxine does not significantly lower
homocysteine levels,16 pyridoxine has a number of im-
portant actions. Pyridoxine deficiency appears to be
an independent predictor for coronary artery disease34

and has been shown to alter platelet function.35 The
administration of pyridoxine to the group assigned to
folate treatment, or possibly another effect of folate
treatment unrelated to homocysteine, could have con-
tributed to the improvement seen with folate therapy.
Nevertheless, our previous work showing a direct as-
sociation between homocysteine levels and restenosis
after coronary angioplasty,15 as well as the present find-
ings (a correlation between late loss of luminal diam-
eter and homocysteine levels at follow-up, an absence
of significant benefit in patients with no lowering of
homocysteine levels among those assigned to folate
treatment, and a significantly greater absolute and rel-
ative reduction in homocysteine levels in patients free
of restenosis), all support the hypothesis that folate
treatment, which lowers homocysteine levels, is effec-
tive in preventing restenosis in patients undergoing
coronary angioplasty.
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