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IN 1969, MCCULLY1 PROPOSED THAT

highplasmatotalhomocysteinecon-
centration caused severe athero-
thromboticdiseaseanddeathinado-

lescentswithhomocystinuria.Folicacid,
vitamin B6, and vitamin B12 play critical
rolesinthemetabolismofhomocysteine.2

Treatment with large doses of folic acid,
pyridoxine hydrochloride (vitamin B6),
and cyanocobalamin (vitamine B12)
loweredthehomocysteinelevelsanddra-
matically reduced mortality in these
patients.3 In the last 30 years, numerous
case-controlandprospectivestudieshave
extended these findings to the general
population and shown that high levels
of homocysteine—albeit an order of
magnitude lower than those in homo-
cystinuria—areassociatedwithvascular
disease.4-7 Onaparallel track, laboratory
researchhasdemonstratedthathomocys-
teinecausesoxidative stress, injuresvas-
cularendothelium,andstimulatesforma-
tion of thrombi in vitro and in vivo.1,8-10

Although epidemiologic studies have
confirmedtheassociationbetweenhomo-
cysteineandcardiovascularrisk,interven-

tional studies designed to lower homo-
cysteine levels have not shown a consis-
tentbenefitonclinicaloutcomes.Several
randomizedcontrolled trialsof lowering
homocysteine with folic acid and B vita-
mins failed to find a reduction of majorSee also p 1212 and Patient Page.
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Context High plasma homocysteine levels are a risk factor for mortality and vascu-
lar disease in observational studies of patients with chronic kidney disease. Folic acid
and B vitamins decrease homocysteine levels in this population but whether they lower
mortality is unknown.

Objective To determine whether high doses of folic acid and B vitamins adminis-
tered daily reduce mortality in patients with chronic kidney disease.

Design, Setting, and Participants Double-blind randomized controlled trial (2001-
2006) in 36 US Department of Veterans Affairs medical centers. Median follow-up
was 3.2 years for 2056 participants aged 21 years or older with advanced chronic kid-
ney disease (estimated creatinine clearance �30 mL/min) (n=1305) or end-stage re-
nal disease (n=751) and high homocysteine levels (�15 µmol/L).

Intervention Participants received a daily capsule containing 40 mg of folic acid,
100 mg of pyridoxine hydrochloride (vitamin B6), and 2 mg of cyanocobalamin (vita-
min B12) or a placebo.

Main Outcome Measures The primary outcome was all-cause mortality. Second-
ary outcomes included myocardial infarction (MI), stroke, amputation of all or part of
a lower extremity, a composite of these 3 plus all-cause mortality, time to initiation of
dialysis, and time to thrombosis of arteriovenous access in hemodialysis patients.

Results Mean baseline homocysteine level was 24.0 µmol/L in the vitamin group and
24.2 µmol/L in the placebo group. It was lowered 6.3 µmol/L (25.8%; P� .001) in the
vitamin group and 0.4 µmol/L (1.7%; P=.14) in the placebo group at 3 months, but there
was no significant effect on mortality (448 vitamin group deaths vs 436 placebo group
deaths) (hazard ratio [HR], 1.04; 95% CI, 0.91-1.18). No significant effects were dem-
onstrated for secondary outcomes or adverse events: there were 129 MIs in the vitamin
group vs 150 for placebo (HR, 0.86; 95% CI, 0.67-1.08), 37 strokes in the vitamin group
vs 41 for placebo (HR, 0.90; 95% CI, 0.58-1.40), and 60 amputations in the vitamin group
vs 53 for placebo (HR, 1.14; 95% CI, 0.79-1.64). In addition, the composite of MI, stroke,
and amputations plus mortality (P=.85), time to dialysis (P=.38), and time to thrombo-
sis in hemodialysis patients (P=.97) did not differ between the vitamin and placebo groups.

Conclusion Treatment with high doses of folic acid and B vitamins did not improve
survival or reduce the incidence of vascular disease in patients with advanced chronic
kidney disease or end-stage renal disease.

Trial Registration clinicaltrials.gov Identifier: NCT00032435
JAMA. 2007;298(10):1163-1170 www.jama.com
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cardiovascular events or death in a vari-
ety of high-risk patients,11-13 although a
posthocanalysisinonestudyshowedthat
a subgroupof strokepatientsmighthave
benefited from the intervention.14

Patients with chronic kidney disease
or end-stage renal disease (ESRD) have
higher homocysteine levels than those in
the foregoing trials.15-17 They have ex-
tensive vascular disease, with estimates
of annual mortality as high as 20%.18-20

The cerebral and cardiovascular com-
plications of the vascular disease, and, in
some studies, thrombosis of the vascu-
lar access, a common and costly com-
plication in ESRD,21 are correlated with
high homocysteine levels.21

The characteristically high homocys-
teinelevels,extensivevasculardisease,and
highmortalityratesmakethispopulation
particularly suitable to test the benefit of
lowering homocysteine. We conducted
arandomizedcontrolledtrial, sponsored
by the Department of Veterans Affairs
(VA)CooperativeStudiesProgram(Ho-
mocysteinemia inKidneyandEndStage
Renal Disease [HOST]), to determine
whethertreatmentwithacombinationof
high-dose folic acid and vitamins B6 and
B12 can reduce mortality and cardiovas-
cular events in patients with advanced
chronickidneydisease(ACKD)andESRD.

METHODS
Study Design

The details of the HOST study design
have been described22 and are summa-
rized here. HOST was a multicenter, ran-
domized, double-blind, placebo-
controlled trial to determine whether
treatment with folic acid plus pyridox-
ine and cyanocobalamin to lower plasma
total homocysteine levels reduces all-
cause mortality and major vascular
events in a high-risk population.

Study Population

Participants aged 21 years or older, with
ESRD,receivingmaintenancehemodialy-
sis or peritoneal dialysis, or with an esti-
matedcreatinineclearanceof less thanor
equalto30mL/min(toconvertcreatinine
clearancetomL/s,multiplyby0.0167)by
the Cockcroft-Gault formula23 (ACKD)
were recruited from 36 participating VA

medicalcenters.Aplasmahomocysteine
level of 15 µmol/L or higher was also re-
quired.Raceandethnicitywerebasedon
patient self-reportbyusing investigator-
definedoptions.Raceandethnicitywere
assessedbecausetheyhavebeenreported
to be associated with the prevalence and
outcomesofindividualswithchronickid-
ney disease.

Thehumanrightscommitteeattheco-
ordinatingcenterandtheinstitutionalre-
view boards of all participating sites ap-
provedthestudy,andallstudyparticipants
provided written informed consent.

Study Intervention

Participants were randomly assigned to
receive a once-daily capsule containing
40 mg of folic acid, 100 mg of pyridox-
inehydrochloride, and2mgofcyanoco-
balaminoranidentical-appearingplacebo
capsule.Participants, investigators, labo-
ratory staff, and the Endpoint Adjudica-
tionCommitteewereblindedtotreatment
assignment.The randomizationscheme
was stratified by site and disease strata
(ESRDvsACKD)andusedarandomper-
mutedblockdesignofvaryingblocksize.
Participants inbothgroupswereallowed
totakeadditionalvitaminscontainingno
more than1mgof folate, ifprescribedby
their physicians as part of their general
medical care.

Baseline and Follow-up Evaluations

Atentry,demographic,clinical,andlabo-
ratory data, including plasma homocys-
teine and serum folic acid and vitamins
B6 and B12 levels, were obtained and par-
ticipantsweregivena3-monthsupplyof
study drug. Participants returned to the
local sites for evaluation at 3 months. A
fastingbloodsamplewascollectedforho-
mocysteineandfolicaciddetermination.
Participants were asked about hospital-
izations,medicationadherence,studyout-
comes,andadverseeventsduringthepast
3monthsandweregivenanew3-month
supplyofstudydrug.Allsubsequentquar-
terly follow-up evaluations were con-
ducted by telephone (or, if necessary, by
mailore-mail)bystudycoordinators lo-
cated at 2 centers. The central study co-
ordinators attempted to verify all study-
related outcome events reported by the

participantsbysearchingtheVAelectronic
recordsorbyrequestingrecords fornon-
VAhospitalizations.Theparticipants re-
ceivedaquarterlysupplyofstudycapsules
by mail from the VA Cooperative Stud-
iesProgramClinicalResearchPharmacy.
To assess adherence, participants were
askedtoreturnthebottlewithunusedcap-
suleswhentheyreceivedanewbottle. In
a representative substudy of 358 partici-
pants from 6 participating sites, blood
samples were obtained annually for ho-
mocysteine, folicacid,vitaminB6,andvi-
taminB12 determinations.Thesiteswere
selected according to number of partici-
pants (3 smaller and 3 larger sites) and
were geographically dispersed.

Trial Outcomes

The primary study outcome was time to
death from any cause. Secondary out-
comes included time to myocardial in-
farction (MI), stroke, amputation of all
or part of a lower extremity, and a com-
positeof these3plusall-causemortality.
In addition, we assessed time to throm-
bosis of arteriovenous access (fistula or
graft) in hemodialysis patients and time
to initiationofdialysis inACKDpatients.
Allparticipantscontinuedtobe followed
upandtoreceivetheirassignedtreatment
after a secondary outcome event.

Deathswereconfirmedbyhospitaldis-
charge summary, autopsy report, Medi-
care End Stage Renal Disease Death No-
tification,ordeathcertificate.Deathswere
also tracked with the Beneficiary Identi-
ficationandRecordsLocatorSubsystem,
a VA data file used to record death ben-
efitsanddates.24 Fatalandnonfatalevents
were ascertained through self-reporting
byparticipantsinresponsetospecificque-
ries during quarterly follow-up contacts
and by review of the patient’s VA medi-
cal record.Myocardial infarctionwasdi-
agnosed when 2 of the following 3 crite-
riaweremet:typicalsymptoms,increased
cardiacenzymelevels,anddiagnosticelec-
trocardiographicchanges.25Strokewasde-
fined as rapid onset of a persistent neu-
rologicdeficitattributedtoanobstruction
inthearterial systemof thebrain,provid-
ing the deficit was not known to be a re-
sult of cerebral hemorrhage, trauma, tu-
mor, infection, or other nonthrombotic
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causes.26 Thrombosis events were col-
lectedonlyforvascularaccessesthatwere
actuallybeingusedfordialysisanddidnot
includeeventsthatoccurredbeforedialy-
sis initiation or that resulted in failure of
access maturation.

An independent review committee,
blindedtotreatmentassignment,adjudi-
catedall secondaryoutcomeevents:MIs,
strokes, and thromboses of the vascular
access.Dischargesummaries,neurologic
examinations,imagingresults,cardiacen-
zyme reports, and electrocardiograms
were obtained to verify hospitalization,
diagnosis, and outcomes. Only definite
or probable events were included in the
analysis.An independentdataandsafety
monitoringboardmonitoredthestudyfor
safety and scientific integrity.

Laboratory Analyses

Plasma homocysteine level was deter-
mined with the Fluorescence Polariza-
tionImmunoassay/AbbottAxsyminkits
provided by Abbott Laboratories (Ab-
bottPark, Illinois).27 Thedetermination
of serumconcentrationsof folicacidand
vitamin B12 (Bayer Direct Chemilumi-
nescenceMethod[immunoassay];Bayer
Advia Centaur/Bayer Diagnostics, Tar-
rytown, New York) and vitamin B6

(AlpcoREA;RKVB6,Salem,NewHamp-
shire) was performed in a central chem-
istry laboratory.

Statistical Analysis

The study was designed to enroll 2006
patients, with a median follow-up of 5
years to detect a relative risk reduction
in time to event for the primary out-
come of 17%, with 80% power, given a
loss rate of approximately 1% per year,
an annual event rate of 10.3% in the pla-
cebo group, and a 2-sided type I error of
.05.The targetnumberof eventswas820.

Allanalyseswereperformedaccording
to intention to treat. Participants who
withdrewconsentfromall follow-upcon-
tactsandmedical recordreviewswere in-
cluded in the primary end point analysis
but were censored from secondary out-
come analyses at withdrawal. Survival
curvesforthe2groupswereestimatedac-
cording to the Kaplan-Meier procedure
andcomparedwiththe log-rankstatistic.

The hazard ratios (vitamins relative to
placebo) for all primary and secondary
outcomes were calculated with the Cox
proportional hazards regression model,
adjustedforstrata(ACKDvsESRD).Cox
models were also used to evaluate the
treatmenteffectontheprimaryoutcome
intheprespecifiedsubgroupsofage,race,
diabetes history, cardiac disease history,
renal disease strata, and baseline homo-
cysteine levels. Treatment�subgroup
interactions were performed to test for
homogeneity.Additionalsensitivityanaly-
ses of the treatment effect adjusted for
baseline covariates were conducted to
evaluate thestabilityof thestudyconclu-
sions.AllreportedPvaluesare2-sidedand

unadjusted for multiple comparisons.
P� .05 was considered significant. SAS
version8.2wasusedforall analyses(SAS
Institute Inc, Cary, North Carolina).

RESULTS
Between September 2001 and October
2003,ofthe2473patientswhoconsented
for screening laboratory tests, 2056
participants—751 with ESRD and 1305
withACKD—wererandomizedtothevi-
tamintreatment(1032)orplacebogroups
(1024)(FIGURE1). InMay2006, thedata
and safety monitoring board recom-
mended that the study be stopped be-
cause the required number of primary
end points had been reached. Patient

Figure 1. Flow of Participants in the Study

1024 Randomized to receive placebo
379 With ESRD
645 With ACKD

1032 Randomized to receive vitamins
372 With ESRD
660 With ACKD

2473 Patients consented to
homocysteine screening
854 With ESRD

1619 With ACKD

2056 Randomized 
751 With ESRD

1305 With ACKD

96 Withdrew from telephone follow-up
(medical record review permitted)

37 Withdrew from all follow-up

37 With ESRD
59 With ACKD

18 With ESRD
19 With ACKD

73 Withdrew from telephone follow-up
(medical record review permitted)

29 Withdrew from all follow-up

21 With ESRD
52 With ACKD

14 With ESRD
15 With ACKD

37 Censored from secondary outcome
analyses at time of study withdrawal

1024 Included in primary analysis
379 With ESRD

18 With ESRD
19 With ACKD

645 With ACKD
29 Censored from secondary outcome

analyses at time of study withdrawal

1032 Included in primary analysis
372 With ESRD

14 With ESRD
15 With ACKD

660 With ACKD

417 Excluded
103 With ESRD

314 With ACKD

77 Had homocysteine level
<15 µmol/L

187 Had homocysteine level
<15 µmol/L

40 Had creatinine clearance
>30 mL/min

57 Declined to participate
30 Other

15 Declined to participate
11 Other

To convert creatinine clearance to mL/s, multiply values by 0.0167. ESRD indicates end-stage renal disease;
ACKD, advanced chronic kidney disease.
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contacts were completed August 31,
2006. The median length of follow-up
was 3.2 years. Of the 2056 randomized
participants, 169(8.2%)withdrewfrom
regular telephone follow-up but contin-
ued to allow medical record review, and
66(3.2%)withdrewconsentfromfollow-
up contacts and medical record review.

Baseline Characteristics

The treatment and control groups were
well balanced in baseline characteris-
tics (TABLE 1). The mean (SD) esti-
mated creatinine clearance of partici-
pants with ACKD was 21.6 (6.9) mL/
min by the Cockcroft-Gault method,
and the estimated glomerular filtra-
tion rate was 18.3 (6.3) mL/min per
1.73 m2 by the Modification of Diet in
Renal Disease abbreviated equation.28

Effect of Intervention on Plasma
Homocysteine and B Vitamin Levels

Themedianplasmahomocysteineandfo-
latelevelsatbaselineand3monthsarepre-
sentedinTABLE2.Themean(SD)plasma
homocysteinelevelsatbaselinewere24.0
(7.7)and24.2(9.8)µmol/Lfortreatment
and placebo groups, respectively. The
meanhomocysteinelevelwasreducedby
6.2µmol/L(25.8%)inthetreatmentgroup
at 3 months (P� .001); values for 36%
(332) of the patients in the treatment
group decreased into the normal range
(�15µmol/L).Themeandecrease inho-
mocysteine levelof0.4µmol/L(1.7%) in
the placebo group at 3 months was not
significant(P=.14).Therewasadramatic
increaseinthelevelofserumfolicacidbe-
tweenbaselineand3months inthetreat-
mentgroupbut littlechangeat3months
in theplacebogroup(Table2). In theco-
hort of 358 patients who had annual de-
terminations of serum folic acid and
plasmahomocysteine levels, theeffectof
activetreatmentonhomocysteineandfo-
lic acid at 3 months was maintained
throughout the first 3 years of the study
(the median follow-up time) (TABLE 3).

Primary End Point

Treatmenthadnoeffectonall-causemor-
tality(hazardratio,1.04;95%confidence
interval [CI], 0.91-1.18) (FIGURE 2;
TABLE 4). There were 884 deaths: 448

Table 1. Baseline Characteristics

Characteristic
Placebo

(n = 1024)
Vitamins

(n = 1032)
Age, mean (SD), y 66.2 (11.5) 65.4 (12.0)
Male sex, No. (%) 1009 (98) 1014 (98)
Racial/ethnic group, No. (%)

White, non-Hispanic 519 (51) 502 (49)
Black, non-Hispanic 357 (35) 384 (37)
Hispanic 130 (13) 121 (12)
Other or missing information 18 (2) 25 (2)

Smoking status, No. (%)
Never 265 (26) 249 (24)
Former 567 (55) 565 (55)
Current 190 (19) 214 (21)

Body mass index, mean (SD)a 27.5 (5.2) 27.90 (5.0)
Systolic blood pressure, mean (SD), mm Hg 142 (24) 143 (23)
Diastolic blood pressure, mean (SD), mm Hg 74 (13) 75 (14)
Medical history, No. (%)

Myocardial infarction 257 (25) 254 (25)
Congestive heart failure 257 (25) 229 (22)
Hypertension 987 (96) 977 (95)
Angina 263 (26) 253 (24)
Percutaneous coronary angioplasty or stenting 145 (14) 132 (13)
Coronary artery bypass graft surgery 180 (18) 172 (17)
Stroke 173 (17) 138 (13)
Diabetes mellitus 561 (55) 568 (55)

Concomitant medication use, No. (%)
�-Blockers 605 (59) 589 (57)
Calcium channel blockers 592 (58) 603 (58)
Lipid-lowering agents 513 (50) 501 (48)
Aspirin or antiplatelet agents 458 (45) 415 (40)
ACE inhibitors 429 (42) 402 (39)
Angiotensin II receptor blockers 118 (12) 117 (11)

Laboratory values, mean (SD)
Hemoglobin, g/dL 11.8 (1.7) 12.0 (1.7)
Albumin, g/dL 4.0 (0.5) 4.0 (0.5)
Total cholesterol, mg/dL 167.0 (44.1) 166.3 (43.7)
HDL cholesterol, mg/dL 42.2 (15.2) 41.8 (13.5)
LDL cholesterol, mg/dL 90.2 (33.3) 91.2 (36.3)
Triglycerides, mg/dL 175.0 (120.0) 174.6 (130.1)

Abbreviations: ACE, angiotensin-converting enzyme; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
SI conversion factors: To convert values for hemoglobin and albumin to g/L, multiply by 10; to convert values for cho-

lesterol to mmol/L, multiply by 0.0259; to convert values for triglycerides to mmol/L, multiply by 0.0113.
aBody mass index was calculated as weight in kilograms divided by height in meters squared.

Table 2. Plasma Levels of Total Homocysteine and Folate at Baseline and 3 Months

Baseline 3 Months
Total homocysteine, µmol/L

Placebo group, No. 1022 922
Median (IQR) 22.3 (18.7-26.9) 21.6 (18.1-26.9)

Vitamin group, No. 1030 926
Median (IQR) 22.5 (18.9-27.3) 16.5 (13.8-20.1)

Folate, ng/mL
Placebo group, No. 987a 922

Median (IQR) 15.5 (9.6-25.0) 16.5 (8.6-37.0)
Vitamin group, No. 983a 927

Median (IQR) 15.7 (9.6-25.0) 2019 (501-4067)
Abbreviation: IQR, interquartile range (first to third quartiles).
SI conversion factors: To convert folate to nmol/L, multiply by 2.266.
aFour hundred twenty-five patients (201 in the placebo group and 224 in the vitamin group) with tests results reported as

�25 ng/mL at baseline were analyzed as 25.
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(43.4%) in the treatment group and 436
(42.6%) in the placebo group. The cu-
mulative3-yearmortalityratewas36.3%
in the treatment group and 34.6% in the
placebo group, with a mortality rate at
1 year of 11.8% vs 10.0%, respectively.
Afteradjusting for theprespecifiedbase-
line covariates of age, race, smoking sta-
tus, history of diabetes or cardiovascu-
lar disease, homocysteine, low-density
lipoproteincholesterol,andalbumin,the
effect of treatment was virtually un-
changed (hazard ratio, 1.06; 95% CI,
0.92-1.22).

Secondary End Points, Subgroups,
and Adverse Events

Treatment had no effect on any of the
major vascular events that comprise the
secondary end points, the composite
end point, the need to start mainte-
nance dialysis, or thrombosis of the vas-
cular access (Table 4). Vascular access
thrombosis occurred in 73 of the 336
patients (22%) with fistulae and 101 of
the 221 patients (46%) with grafts at
baseline. All-cause mortality did not dif-
fer significantly between the treat-
ment and placebo groups in any of the
subgroups examined (FIGURE 3). The
hazard ratio of treatment vs placebo for
ACKD participants was 1.04 (95% CI,
0.88-1.23) and for ESRD participants,
1.04 (95% CI, 0.83-1.28) (P=.93). The
mortality rates for the ACKD partici-
pants were 43.1% (placebo) vs 43.8%
(treatment); for ESRD participants,
41.7% vs 42.7%, respectively.

There was no significant difference in
the number and types of adverse events,
includingseriousadverseevents,between
the treatmentandcontrol groups.There
werenostatisticallysignificantdifferences
between the treatment groups for any of
the potential adverse effects of the vita-
minsthatwerespecificallyqueried,includ-
ing gastrointestinal and dermatological
events,headache,paresthesia,andfatigue,
or foranyself-reportedadverseevents,or
hospital admissions.

Adherence

Among patients assigned to the vita-
min treatment group, 90.3% reported
taking study medication at 1 year,

87.6% at 2 years, and 85.3% at 3 years.
In the placebo group, the figures were
similar: 90.7% at 1 year, 87.2% at 2
years, and 86.5% at 3 years. A total of
73% in the treatment group and 74%
in the placebo group reported never
stopping their study medication.
Counts of capsules in the returned
bottles (77% of those dispensed) re-
vealed that 90% of study capsules were
taken by patients in both treatment and
placebo groups.

COMMENT
Patients with chronic kidney disease
have a high risk for complications of ath-
erosclerosis, including increased mor-

Table 3. Plasma Total Homocysteine and Folate at Baseline and Annually in Substudy Population

Baseline

Year

1 2 3

Total homocysteine, µmol/L
Placebo group, No. 181 114 86 53

Median (IQR) 21.4 (18.6-25.0) 23.4 (18.5-27.3) 21.1 (18.2-26.3) 20.6 (16.9-24.4)

Vitamin group, No. 177 123 92 60

Median (IQR) 21.5 (19.0-26.6) 16.9 (13.6-21.5) 16.3 (13.7-19.4) 15.3 (13.6-21.1)

Folate, ng/mL
Placebo group, No. 180a 114 86 53

Median (IQR) 14.6 (9.8-25.0) 15.0 (8.7-33.7) 15.6 (7.8-32.8) 14.0 (7.2-26.8)

Vitamin group, No. 174a 124 92 60

Median (IQR) 19.0 (10.5-25.0) 2644 (94-5410) 2350 (29-4453) 2008 (20-4262)
Abbreviation: IQR, interquartile range (first to third quartiles).
SI conversion factors: To convert folate to nmol/L, multiply by 2.266.
aSixty-two patients (29 in the placebo group and 33 in the vitamin group) with tests results reported as �25 ng/mL at baseline were analyzed as 25.

Figure 2. Kaplan-Meier Estimates of Survival
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There were at total of 884 deaths.
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tality. Although traditional risk factors
such as hypertension are more preva-
lent in this population, there has been
increasing emphasis on the role of non-
traditional risk factors such as anemia,
hyperparathyroidism, and hyperhomo-
cysteinemia.29 The association of el-
evated homocysteine levels with risk of
cardiovascular disease has drawn atten-
tion because of the nearly universal el-
evation of homocysteine in patients with
chronic kidney disease to levels higher
than that of any other patient popula-

tion except those with homocystin-
uria, the epidemiologic correlation be-
tween homocysteine and cardiovascular
risk in the chronic kidney disease popu-
lation,15-17 and the finding that inges-
tion of folic acid plus pyridoxine and
cyanocobalamin lowers homocysteine
levels in these patients.16,30

The results of our trial, however, in-
dicate that although administration of
large daily doses of folic acid plus pyri-
doxine and cyanocobalamin to patients
with ACKD or ESRD lowered plasma ho-

mocysteine levels, it did not improve sur-
vival during a median of 3.2 years of fol-
low-up. Furthermore, there was no
significant decrease in the incidence of
cardiovascular events or, in hemodialy-
sis patients, the rate of thrombosis of the
vascular access, a common event requir-
ing hospitalization in these patients.21

Recentreportsofseveral largerandom-
ized trials in lower-risk patients without
kidneydisease, inwhomsmallerdosesof
vitaminswereusedandsmallerreductions
in homocysteine levels were observed,

Table 4. Primary and Secondary Outcomes

End Point

No. (%) of Patients With an Event

Hazard Ratio
(95% CI)a P Valueb

Vitamin Group
(n = 1032)

Placebo Group
(n = 1024)

Primary outcome
All-cause mortality 448 (43) 436 (43) 1.04 (0.91-1.18) .60

Secondary outcomes
MI (fatal and nonfatal) 129 (13) 150 (15) 0.86 (0.67-1.08) .18

Stroke (fatal and nonfatal) 37 (4) 41 (4) 0.90 (0.58-1.40) .64

Amputation 60 (6) 53 (5) 1.14 (0.79-1.64) .50

Composite of all-cause mortality, MI, stroke, or amputation 523 (51) 525 (51) 0.99 (0.88-1.12) .85

Dialysis in advanced chronic kidney disease patients only (n = 1305) 365 (55) 340 (53) 1.07 (0.92-1.24) .38

Thrombosis in hemodialysis patients (n = 1397) 166 (24) 163 (23) 1.01 (0.81-1.25) .97
Abbreviation: CI, confidence interval; MI, myocardial infarction.
aHazard ratios were adjusted for kidney disease strata.
bP values were based on the unadjusted log-rank test.

Figure 3. Hazard Ratios for All-Cause Mortality by Subgroups

Mortality, No./ Total (%)
Favors

Vitamins
Favors
Placebo

1.0 2.00.5

Hazard Ratio
(95% Confidence Interval)

Vitamins PlaceboSubgroup P Value for
Interaction

Hazard Ratio
(95% CI)

Disease strata
159/372 (42.7) 158/379 (41.7)ESRD

.93
1.04 (0.83-1.28)

289/660 (43.8) 278/645 (43.1)ACKD 1.04 (0.88-1.23)

Race
135/384 (35.2) 129/357 (36.1)Black

.46
0.97 (0.76-1.23)

312/644 (48.4) 307/665 (46.2)Other 1.08 (0.93-1.27)

Cardiovascular disease history
180/549 (32.8) 176/507 (34.7)No

.15
0.94 (0.77-1.16)

268/483 (55.5) 260/517 (50.3)Yes 1.16 (0.98-1.38)

Diabetes history
163/460 (35.4) 174/461 (37.7)No

.18
0.93 (0.75-1.15)

285/568 (50.2) 262/561 (46.7)Yes 1.12 (0.95-1.33)

Homocysteine level at baseline
150/337 (44.5) 149/348 (42.8)Lower third (15-19.8 µmol/L)

.54
1.06 (0.84-1.33)

141/341 (41.3) 154/346 (44.5)Middle third (>19.8-25.2 µmol/L) 0.92 (0.73-1.15)
157/352 (44.6) 131/328 (39.9)Upper third (>25.2-133 µmol/L) 1.17 (0.93-1.48)

Age, y
164/490 (33.5) 141/453 (31.1)≤65

.30
1.12 (0.89-1.40)

284/539 (52.7) 295/569 (51.8)>65 1.03 (0.88-1.21)

CI indicates confidence interval; ESRD, end-stage renal disease; ACKD, advanced chronic kidney disease. The sizes of the data markers relate to subgroup
sample size.
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have failed to show a benefit of vitamin
supplementation: theVitamin Interven-
tion for Stroke Prevention,13 the Heart
OutcomesPreventionEvaluation(HOPE-
2) study,12 and the Norwegian Vitamin
(NORVIT)trial.11Patientswithkidneydis-
easehavehigherplasmahomocysteinelev-
els and a higher risk for cardiovascular
events than patients included in the pre-
viouslycitedtrials.Therehavebeenalim-
itednumberoftrialsofhomocysteinelow-
ering in dialysis patients, but these trials
were small and therefore underpowered
to detect a clinically significant effect on
mortality.31-33 Inourtrial,however,which
used largedosesofvitamins, resulting in
achangeinhomocysteinelevelstwicethat
reportedinprevioustrials,11-13andwasad-
equatelypowered todetecta relative risk
reduction in mortality of 17%, we failed
to find a benefit of vitamin supplemen-
tation. Incontrast to theNORVITstudy,
we did not observe an increased risk of
vascularevents in the treatmentgroup.11

What might account for the failure of
the treatment in our study? Possibly the
underlying burden of disease was too
great for a measurable benefit from low-
ering homocysteine. A trial of statins in
diabetic dialysis patients failed to show
a mortality benefit despite lowering low-
density lipoprotein cholesterol,34 sug-
gesting that even the reduction of some
traditional risk factors may not be ben-
eficial in this high-risk population. It may
be that although homocysteine levels
were substantially reduced, ameliora-
tion of the consequences of hyperhomo-
cysteinemia requires lowering to nor-
mal levels, an effect that was achieved
in only one-third of our participants,
despite administration of the highest
vitamin doses among homocysteine-
lowering studies reported to date.35

Loscalzo,10 commenting on the results of
the NORVIT and HOPE-2 trials, has sug-
gested that vitamin therapy may have had
adverse effects that offset its homocys-
teine-lowering benefit.

The disparity between our findings
and the epidemiologic literature show-
ing an association between moderate in-
creases in homocysteine and athero-
thrombotic disease could reflect an
unrecognized adverse effect of the folic

acid or vitamins but in all probability re-
flects the inherent limitations of obser-
vational studies. It has been suggested
that homocysteine marks the existence
of vascular disease rather than causes
it6,10-13,32; yet in homocystinuria, vita-
min therapy has an impressive benefit on
mortality and cardiovascular events.3 It
may be that the relationship between ho-
mocysteine and vascular injury is non-
linear or that the potential for ameliora-
tion of the vascular injury is too slight
in patients without homocystinuria to be
detectable, particularly in patients with
many other risk factors.

There are several limitations of this
study. First, the population was nearly
allmale.Therelationshipbetweenhomo-
cysteine and vascular disease and the
response to vitamin therapy is similar in
men and women.2,5,36 The homocyste-
ine levels and extent of vascular disease
in the veterans in this trial are similar to
those reported in nonveteran men and
women with ACKD or ESRD16,18,32,33; we
would therefore not expect that the
enrollment of a predominantly male
population accounts for our null results.
Second, to achieve adequate power we
enrolled both ACKD and ESRD patients.
Jungers et al16 reported an association of
homocysteine and cardiovascular dis-
ease in chronic kidney disease similar to
that in ESRD. In our study, homocyste-
ine levels and prevalence of cardiovas-
cular disease in the ACKD and ESRD
stratawereremarkablysimilar, aswas the
homocysteine-loweringeffectof thevita-
mins.Theproportionofparticipantswho
diedduring thestudy in the2groupswas
nearly identical. Although our study was
not powered to examine these 2 strata
separately, subgroup analyses did not
show any difference in the treatment
effect across strata.Third, follow-upcon-
tacts after the return visit at 3 months
were not in person; thus, adherence and
ascertainment of outcomes might have
been incomplete. Previous studies have
shown, however, that death can be reli-
ablyascertainedfromdeathregistriesand
patients’ electronicrecordswithintheVA
health care system.24 Secondary out-
comes of cardiovascular events may be
less complete, but there isnoapriori rea-

son to expect differential ascertainment
in the randomized groups.

In conclusion, treatment with high
doses of folic acid and B vitamins did
not reduce mortality or the incidence
of cardiovascular events. Our findings
do not support the administration of fo-
lic acid and B vitamin supplements to
prevent vascular injury or improve sur-
vival in patients with ACKD or ESRD.
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