
correspondence

n engl j med 355;2 www.nejm.org july 13, 2006 205

Dr. Nissen characterizes the censoring of event 
data after 14 days as “unusual.” Our impression 
is that such follow-up is actually common and is 
usually conservative, since it avoids the dilution 
of a “toxicity signal” that may occur when an ac-
tive drug is discontinued.1,2

Dr. Furberg implies that our analysis was not 
an intention-to-treat analysis. This is true, in the 
sense that we did not follow patients more than 
14 days after they discontinued treatment. How-
ever, all cardiovascular events observed during the 
study follow-up were assigned to treatment groups 
according to the original randomized assignments, 
according to the intention-to-treat principle. As 
noted above, the data for an analysis incorporat-
ing longer monitoring after the discontinuation 
of treatment were not available until April 28, 
2006. Dr. Furberg also asks for information re-
garding a test for proportionality of hazards on 
the “three-year event data.” We presented such a 
test in the original report, noting that the mod-
eling for the test for proportionality of hazards 
contained a treatment-by-log(time) term, with a 
P value of 0.014. That P value was actually de-
rived from a model that used a treatment-by-
time term. The P value derived from the treatment-
by-log(time) term was 0.07 (a correction notice 
appears in this issue of the Journal3).

Clearly, an in-depth analysis of the extended 

experience of the patients in the APPROVe Trial 
is indicated, and it is under way. It will include 
an independent statistical analysis of the cardio-
vascular data. Until that is completed and a formal 
report is peer-reviewed, speculations regarding 
what will be found are premature and may be 
misleading. However, it is clear that the main 
conclusion of the article — that “among patients 
with a history of colorectal adenomas, the use of 
rofecoxib was associated with an increased car-
diovascular risk” — is unaffected. 
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Homocysteine, B Vitamins, and Cardiovascular Disease
To the Editor: In light of the numerous obser-
vational studies that have found a positive asso-
ciation between plasma homocysteine levels and 
the risk of cardiovascular disease, the results of 
two homocysteine-lowering trials — the Heart 
Outcomes Prevention Evaluation 2 (HOPE-2) and 
the Norwegian Vitamin (NORVIT) trials (April 13 
issue)1,2 — are disappointing. The relationship 
between homocysteine and dementia offers a sim-
ilar paradox. Observational studies have shown 
positive associations, whereas homocysteine low-
ering with folic acid and B vitamins has revealed 
no cognitive benefit.3

However, the negative outcomes of these tri-
als may not come as a complete surprise. Studies 
of genetic association (the so-called mendelian 
randomization studies) have not provided evidence 
of a causal relationship between functional vari-
ants of the homocysteine gene and the risk of 

coronary heart disease.4 Therefore, unlike patients 
with familial hyperhomocysteinemia (for whom a 
higher level of homocysteine is a causal risk fac-
tor), patients with such increased levels in the 
population at large may already have vascular dis-
ease or cognitive impairment.5 Thus, the aggre-
gated data suggest that higher homocysteine lev-
els may be a consequence rather than a cause of 
disease.
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To the Editor: The investigators in the HOPE-2 
and NORVIT trials recommend against the use of 
folic acid, vitamin B

6
, and vitamin B

12
 as preven-

tive treatment. However, mean levels of homo-
cysteine, folic acid, vitamin B

6
, and vitamin B

12
 

were in the normal range in both studies. If pa-
tients with hyperhomocysteinemia were included 
in these trials, would the results have been dif-
ferent? Furthermore, can vitamin supplementation 
impart benefits to patients with normal levels of 
these nutrients?

Asian Indians, who have a reduced intake of 
vitamin B

12
 and folate, are predominantly vege-

tarian and have higher homocysteine levels and 
lower levels of folate and vitamin B

12
 than do 

whites.1,2 A study assessing Asian Indians reported 
a mean plasma homocysteine level of 19.8 mmol 
per liter, with 77 percent of the subjects having 
hyperhomocysteinemia and more than 50 percent 
having a deficiency of vitamin B

12
.3 Hyperhomo-

cysteinemia is an independent risk factor for cor-
onary heart disease in India and may account for 
the fact that twice as many Asian Indians die from 
the disease as do Europeans.1 Furthermore, un-
like Asian Indians, approximately 70 percent of 
the patients in the HOPE-2 study were exposed to 
folate-fortified food. Whether the study results 
would be applicable to Asian Indians cannot be 
answered until prospective, randomized trials are 
conducted in this population.
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To the Editor: Despite the claim by Loscalzo in 
the editorial1 accompanying the reports on the 
HOPE-2 and NORVIT trials, the lack of benefit of 
lowering homocysteine concentrations with folic 
acid is not an “unequivocal conclusion.” Rela-
tively little is known about how homocysteine af-
fects cardiovascular disease. Unless perturbed 
nutritionally or pharmacologically, homocysteine 
concentrations change relatively little over a five-
year period2 and presumably over a longer term. 
The elevated homocysteine concentration found 
at diagnosis in patients with cardiovascular dis-
ease was probably a chronic condition. Conse-
quently, the cardiovascular insult may have oc-
curred over a period of many years. There is no 
indication as to how long it would take to reverse 
such damage. All three intervention studies cited 
by Loscalzo were of moderate duration (2, 3.5, and 
5 years) and may not reflect the benefit of long-
term intervention (e.g., prolonged supplementa-
tion or universal fortification, particularly for pri-
mary prevention). A case in point is the benefit of 
quitting smoking, since it takes more than five 
years after smoking cessation for the risks of car-
diovascular disease,3 laryngeal cancer,4 and (in 
heavy smokers) lung cancer5 to diminish.
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To the Editor: The HOPE-2 investigators show a 
significant, 24 percent reduction in the relative 
risk of stroke among patients treated with folic 
acid and vitamins B

6
 and B

12
. They downplay this 

result by relegating a striking figure on the effect 
of this treatment on stroke (Fig. 1) to their online 
Supplementary Appendix. The authors suggest that 
the result may be spurious, but it agrees closely 
with the predictions of two large meta-analyses, 
which suggested that the same change in homo-
cysteine levels achieved in the HOPE-2 trial would 
result in a reduction in stroke of 19 to 24 per-
cent.1,2 Their view — that a treatment benefit 
restricted to stroke is biologically implausible — 
is surprising, given the etiologic differences in 
coronary disease and stroke. They claim that the 
findings of the Vitamin Intervention for Stroke 
Prevention (VISP)3 and NORVIT studies support 
their conclusion. However, they did not refer to 
the reanalysis of the VISP trial, which revealed a 
significant effect on stroke and coronary events.4 
They also did not mention that the NORVIT study 
was smaller, with a total of 98 strokes, as com-
pared with 258 strokes in their own trial.

The message of the HOPE-2 trial should be one 
of cautious optimism that B vitamins may pro-
tect against stroke. Consistent with this view is a 
reduction in the rate of death from stroke in the 
United States and Canada after the introduction 
of folic acid fortification of food.5
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To the Editor: As compared with the HOPE-2 
and VISP trials, the NORVIT trial was unique in 
that it used a two-by-two factorial design, which 
allowed for an examination of the effect of each 
of the three treatments — folic acid plus vitamin 
B

12
, vitamin B

6
 alone, and folic acid plus both 

vitamin B
6
 and vitamin B

12
. However, the NORVIT 

trial did not report the analyses that we believe 
are important for a comprehensive assessment of 
the effects of B vitamins: a comparison of folic 
acid plus vitamin B

12 
with placebo, a comparison 

of vitamin B
6
 with placebo, and a test of the in-

teraction between folic acid plus vitamin B
6 
and 

vitamin B
12

 in relation to the clinical outcome.
In Table 1, we present our analyses using data 

from the NORVIT trial. We calculated the rate 
ratios for each treatment using the number of ob-
served cases and person-years and Poisson distri-
bution and test-based methods to construct con-
fidence intervals.1 We also calculated the rate 
ratio for the interaction between folic acid plus 
vitamin B

6
 and vitamin B

12
, and we estimated the 

standard error of the rate ratio by the multivariate 
delta method.2 We subsequently used this standard 
error to construct the confidence interval for the 
rate ratio of the interaction.

Our analyses showed that as compared with 
placebo, folic acid plus vitamin B

12 
has a slightly 
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Figure 1. Kaplan–Meier Estimates of the Percentage of Patients with Stroke 
during a Trial of Homocysteine Lowering.

The relative risk of stroke among patients in the active-treatment group 
(who received folic acid and vitamins B6 and B12), as compared with pa-
tients in the placebo group, was 0.75 (95 percent confidence interval, 
0.59 to 0.97; P=0.03 by the log-rank test). Data are from the HOPE-2 trial.
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but not significantly beneficial effect on most of 
the clinical outcomes; the same is true for vita-
min B

6
. We found a significant adverse interac-

tion between folic acid plus vitamin B
6
 and vita-

min B
12

 on all clinical outcomes except stroke, 
coronary-artery bypass surgery, and percutane-
ous coronary intervention. If our findings can be 
independently replicated, one would conclude that 
it was the interaction between folic acid plus vita-
min B

6 
and vitamin B

12
 that led to significantly 

worse outcomes, whereas there was no evidence 
that treatment with folic acid plus vitamin B

12
 or 

with vitamin B
6
 alone was harmful.

The three trials raise further questions to be 
addressed in future research. First, all three tri-
als used a high-dose formulation, including 2 to 
6 times the recommended daily allowance (RDA) 
of folic acid, 166 to 416 times the RDA of vita-
min B

12
,
 
and 12 to 25 times the RDA of vitamin 

B
6
. The interactions among high-dose treatments 

may lead to undesirable clinical outcomes. Future 
studies will need to determine the optimal dose 
and combination that maximize efficacy and 
minimize adverse effects. Second, all three trials 
were conducted in patients with existing cardio-
vascular disease. Studies are needed to assess the 
role of B vitamins in the primary prevention of 
cardiovascular disease, especially in persons with 
a low intake of B vitamins or with a genetic sus-
ceptibility to hyperhomocysteinemia. Third, all 
three trials reported the averages of the effects 
in all the treatment groups. However, individual 
responses to the treatments may vary greatly, de-
pending on the person’s homocysteine metabo-
lism and genetic susceptibility, as well as on the 
presence of other known risk factors for cardio-
vascular disease. Future studies will need to find 
a better way to identify patients who will benefit 
the most from interventions with B vitamins.
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To the Editor: Though elevated levels of homo-
cysteine are predictive of cardiovascular risk, the 

1.

2.

demonstration that homocysteine-lowering ther-
apy was without benefit in the HOPE-2 and 
NORVIT trials provides further evidence that ho-
mocysteine represents an epiphenomenon in ath-
erosclerosis. The pathogenesis of atherosclerosis 
is characterized by chronic inflammation,1 and 
elevated plasma homocysteine concentrations have 
been correlated with inflammation in conditions 
such as chronic renal failure, rheumatoid arthri-
tis,2 and psoriasis and in the period after myo-
cardial infarction.3 However, clinical studies have 
demonstrated that endothelial dysfunction does 
not improve despite effective lowering of homo-
cysteine levels with 400 μg of folic acid orally per 
day.4 High-dose oral folic acid (5 to 20 mg per day) 
improves endothelial function in a manner large-
ly independent of plasma homocysteine lowering, 
though the underlying mechanism has not been 
established.5 It is our view, therefore, that high-
dose folate therapy (exceeding 5 mg daily) has 
pleiotropic effects, the benefits of which have yet 
to be tested in large-scale secondary-prevention 
trials in appropriate subjects.
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Dr. Lonn replies: De Craen et al. refer to a re-
cent meta-analysis of mendelian randomization 
studies to suggest reverse causality as an expla-
nation for the results of the HOPE-2 and NORVIT 
trials involving patients with coronary heart dis-
ease. Findings in patients with stroke may differ.1 
Additional plausible explanations include residual 
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confounding in epidemiologic studies and the 
possibility that any harmful effects of high-dose 
folate may offset the benefits of homocysteine 
lowering.

In response to the comments of Refsum 
and Smith, we do not dismiss the results of the 
HOPE-2 study in regard to stroke but caution 
against an overenthusiastic interpretation on the 
basis of multiple considerations: the overall neu-
tral effect of treatment on the primary outcome 
and on most secondary and tertiary outcomes (in-
cluding transient ischemic attacks), the wide con-
fidence intervals around the estimated reduction 
in the risk of stroke, the apparent increase in the 
risk of unstable angina, and the neutral results 
regarding stroke in the VISP and NORVIT trials. 
The quoted reanalysis of the VISP trial was not 
prespecified and showed no reduction in stroke 
(the primary study outcome), death, or events as-
sociated with coronary heart disease. At best, the 
reanalysis showed a borderline effect on a com-
posite cardiovascular outcome (unadjusted out-
come, P = 0.049; adjusted outcome, P = 0.056), which 
is not a very convincing result to use to justify 
any clear treatment recommendations. A causal 
link between recent trends toward a lower rate 
of death from stroke in the United States and 
Canada and the fortification of food with folic 
acid remains speculative, since many other factors 
may have contributed to the decline.

With regard to the comments by Wang et al. 
and Tomlinson et al., the doses and combinations 
of B vitamins used in the large clinical trials are 
based on the ability of the drugs to reduce homo-
cysteine levels in most people and on the perceived 
safety of the drugs.2 Whether lower or higher 
doses or different combinations may be useful 
remains unproven. A reasonable approach is to 
encourage people to have balanced diets, since 
such diets provide adequate amounts of needed 
macronutrients and micronutrients in most peo-
ple, and to reserve the use of vitamin therapy for 
those with proven deficiencies.

Khare et al. and Wang et al. note that the clini-
cal trials studied primarily white, middle-aged pa-
tients with vascular disease. Trials of primary 
prevention and in populations with higher ho-
mocysteine levels that are related to genetic and 
dietary factors are of interest, and we strongly 
support the completion of ongoing studies in vari-
ous populations. However, we are unaware of any 

cardiovascular therapies that are exclusively ef-
fective for primary prevention, and in our trial, 
even patients in the upper fifth of the baseline 
homocysteine distribution (≥19.7 μmol per liter) 
derived no benefit.

Quinlivan and Gregory point out that the tri-
als of B vitamin supplementation are of interme-
diate duration (two to five years). Most proven 
preventive therapies, such as the lowering of lev-
els of cholesterol and blood pressure, reduce risk 
within months to a few years, and in several stud-
ies, such as the British Doctors Study, excess risk 
was halved within two to three years after the 
cessation of smoking.3

In summary, completed clinical trials do not 
provide evidence to support the preventive use of 
B vitamin supplements. Ongoing large trials and 
the planned meta-analysis of all trials4 will an-
swer remaining relevant clinical questions.
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Dr. BØnaa and colleagues reply: The data 
from the HOPE-2, NORVIT, and VISP trials are 
quite consistent in showing that homocysteine low-
ering with folic acid and vitamin B

12
 (with or 

without vitamin B
6
) has no clinical benefit in pa-

tients with established vascular disease. The nega-
tive results may be interpreted in three ways.

First, homocysteine may not be a causative 
agent in vascular disease. High homocysteine lev-
els may be an indicator of an unhealthy lifestyle, 
an epiphenomenon reflecting atherogenic pro-
cesses, or a consequence of vascular disease it-
self, as suggested by de Craen et al. and Tomlin-
son et al.

Second, homocysteine-lowering therapy may 
still be beneficial in populations other than those 
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studied — for example, in patients with hyper-
homocysteinemia, as suggested by Khare et al. 
However, in the NORVIT trial, this therapy had 
no benefit in the 40 percent of patients with a 
baseline homocysteine level above 13 μmol per 
liter (in this subgroup, the mean homocysteine 
level was 17.4 μmol per liter). As pointed out by 
Quinlivan and Gregory and Wang et al., the tri-
als may have been too short (mean duration, 2.5 
to 5 years), and the results could possibly be dif-
ferent for primary prevention. However, most 
conventional treatments (including smoking ces-
sation) show effects on vascular disease within 
five years. The results of the NORVIT trial do not 
preclude a protective effect of more physiologic 
doses of B vitamins or in primary prevention. 
However, it is difficult to explain biologically how 
a therapy that does not work in patients who have 
had a clinical vascular event would work well in 
those without a clinical event (many of whom have 
subclinical atherosclerosis).

Finally, as suggested by Loscalzo in his edito-
rial, B vitamin therapy could have harmful effects 
that offset the homocysteine-lowering benefit. 
Wang et al. suggest that the trend toward a harm-
ful effect in the combined B vitamin treatment 

group that was observed in the NORVIT trial was 
due to a significant interaction between folate plus 
vitamin B

6
 and vitamin B

12
. However, we believe 

the confidence intervals they present for the test 
of interaction are too narrow, and they cannot 
precisely estimate the rate ratios adjusted for study 
center from the numbers given in our article. Us-
ing rate ratios adjusted for study center estimated 
from Cox proportional-hazard regression and the 
method described by Altman and Bland,1 we ob-
tained a test statistic (ratio of ratios) of 1.18 (95 
percent confidence interval, 0.88 to 1.59) for the 
primary end point, indicating that there was no 
significant interaction.
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University of Tromsø
N-9037 Tromsø, Norway
kaare.harald.bonaa@unn.no

Aage Tverdal, Ph.D.
Norwegian Institute of Public Health
N-0403 Oslo, Norway

Per Magne Ueland, M.D., Ph.D.
University of Bergen
N-5021 Bergen, Norway

Altman DG, Bland JM. Interaction revisited: the difference 
between two estimates. BMJ 2003;326:219.
1.

The Challenge of Subgroup Analyses

To the Editor: The Perspective article by Laga-
kos (April 20 issue)1 was a welcome explication 
of a contentious topic. Although the article focused 
on the role of chance and false positive results, it 
did not discuss another, more pernicious prob-
lem — bias. Whenever a subgroup analysis is per-
formed, the randomization of patient character-
istics between the treatment group and the control 
group is no longer necessarily maintained. Con-
sider a subgroup analysis according to sex. The 
randomization process should ensure, if the sam-
ple is large enough, that the treatment and control 
groups are balanced according to sex. But ran-
domization does not ensure that the two groups 
are balanced within the sex strata. If the men who 
received placebo are older and more severely ill 
than those in the treatment group, then the treat-
ment may appear to be more beneficial among 
men, when in fact the result is due to the confound-
ing effect of age and severity of illness. Specifying 

subgroups before the trial is conducted does not 
mitigate this bias; mitigation would require strati-
fication according to the subgroup variable before 
randomization, so that patient characteristics 
would be balanced in the two groups within each 
subgroup stratum.
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Dr. Lagakos replies: When performing ordinary 
randomization, we expect treatment groups to be 
balanced with respect to important patient char-
acteristics, both in the entire sample and in any 
specific subgroup. However, randomization does 
not guarantee such balance, and when multiple 
subgroup analyses are conducted, the chances are 
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