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D

IABETIC NEPHROPATHY IS AN

important cause of chronic
kidney disease. 1,2 In the
United States, diabetes
mellitus accounts for more than 44%
of patients with end stage renal
failure.3 In addition to the personal
burden, the societal burden of diabetic nephropathy is enormous,
exceeding US $10 billion in annual
medical expenditures.4 Despite effective therapies to slow disease progression, 5 approximately 40% of
the estimated 21 million patients
with diabetes in the United States
develop overt nephropathy. 4 New
treatment approaches to this problem
are needed.
Several observational studies have
shown a significant association between high concentrations of plasma
total homocysteine and the risk of developing diabetic nephropathy, retinopathy, and vascular diseases, including myocardial infarction (MI) and
stroke.6-9 B-vitamin therapy has been
shown to lower the plasma concentration of homocysteine and improve endothelial function.10,11
We hypothesized that B-vitamin
therapy would slow the progression of

Context Hyperhomocysteinemia is frequently observed in patients with diabetic nephropathy. B-vitamin therapy (folic acid, vitamin B6, and vitamin B12) has been shown
to lower the plasma concentration of homocysteine.
Objective To determine whether B-vitamin therapy can slow progression of diabetic nephropathy and prevent vascular complications.
Design, Setting, and Participants A multicenter, randomized, double-blind, placebocontrolled trial (Diabetic Intervention with Vitamins to Improve Nephropathy [DIVINe])
at 5 university medical centers in Canada conducted between May 2001 and July 2007
of 238 participants who had type 1 or 2 diabetes and a clinical diagnosis of diabetic
nephropathy.
Intervention Single tablet of B vitamins containing folic acid (2.5 mg/d), vitamin B6
(25 mg/d), and vitamin B12 (1 mg/d), or matching placebo.
Main Outcome Measures Change in radionuclide glomerular filtration rate (GFR)
between baseline and 36 months. Secondary outcomes were dialysis and a composite
of myocardial infarction, stroke, revascularization, and all-cause mortality. Plasma total
homocysteine was also measured.
Results The mean (SD) follow-up during the trial was 31.9 (14.4) months. At 36
months, radionuclide GFR decreased by a mean (SE) of 16.5 (1.7) mL/min/1.73 m2 in
the B-vitamin group compared with 10.7 (1.7) mL/min/1.73 m2 in the placebo group
(mean difference, −5.8; 95% confidence interval [CI], −10.6 to −1.1; P=.02). There
was no difference in requirement of dialysis (hazard ratio [HR], 1.1; 95% CI, 0.4-2.6;
P=.88). The composite outcome occurred more often in the B-vitamin group (HR, 2.0;
95% CI, 1.0-4.0; P=.04). Plasma total homocysteine decreased by a mean (SE) of 2.2
(0.4) µmol/L at 36 months in the B-vitamin group compared with a mean (SE) increase of 2.6 (0.4) µmol/L in the placebo group (mean difference, −4.8; 95% CI, −6.1
to −3.7; P⬍.001, in favor of B vitamins).
Conclusion Among patients with diabetic nephropathy, high doses of B vitamins
compared with placebo resulted in a greater decrease in GFR and an increase in vascular events.
Trial Registration isrctn.org Identifier: ISRCTN41332305
www.jama.com
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diabetic nephropathy and prevent vascular events. To test this hypothesis, we
conducted a multicenter, random-

ized, double-blind, placebo-controlled trial of participants with type 1
or 2 diabetes.
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METHODS
Participants

The Diabetic Intervention with Vitamins to Improve Nephropathy (DIVINe)
trial was conducted between May 2001
and July 2007 at 5 university medical
centers in Canada. Participants were recruited from nephrology and diabetes
clinics. Eligible participants had type 1
or 2 diabetes and a clinical diagnosis of
diabetic nephropathy, with at least 300
mg/d of urinary albumin excretion (or
ⱖ500 mg/d of proteinuria). All participants were 18 years or older. Race/
ethnicity was self-reported at the time of
enrollment and included because of a
very high prevalence of diabetic nephropathy among Canadian aboriginal
people. Potential participants who were
expected to survive fewer than 3 years,
those with advanced renal failure (defined as stage 4 or 5 chronic kidney disease12 with creatinine clearance of ⬍30
mL/min13 or on dialysis), those awaiting imminent dialysis, and women who
were pregnant or unwilling to practice
effective contraception were not eligible for the trial. The trial protocol was
approved by the institutional review
board at each center and all participants gave written informed consent.
Assessment, Randomization,
and Follow-up

Baseline assessments for trial participants
included medical history, laboratory
analyses, and current medications. Participants were randomized 1:1 to receive
asingletabletofBvitaminsthatcontained
2.5 mg/d of folic acid, 25 mg/d of vitamin
B6, and 1 mg/d of vitamin B12, or a matching placebo. A computer-generated randomization list was generated by the trial
biostatistician (M.E.) using permuted
block sizes of 2 and 4, and was stratified
by center, sex, and baseline CockcroftGault formula creatinine clearance (⬍50
vs ⱖ50 mL/min/1.73 m2; to convert to
mL/s/m2, multiply by 0.0167).
B vitamins and matching placebos
were bottled with participant numbers by pharmacy staff. As trial participants were given the next appropriately labeled bottle, all participants,
research coordinators, and treating phy1604

sicians remained blinded to the treatment assignment throughout the trial.
Participants were followed up with
clinic visits every 6 months for up to 3
years. Participants were permitted to
take usual doses of vitamins E, C, and
beta carotene, and multivitamins containing usual low doses of B vitamins,
but were asked not to take additional
doses of the trial B vitamins. All other
treatments were left to the discretion
of the participants’ attending physicians. Adherence to therapy was assessed by pill counts at every clinic visit
and by annual measurements of plasma
total homocysteine, serum folate, and
serum B12. Central laboratory reports
were made available to attending physicians, and blinding was maintained by
deleting the values for plasma total homocysteine, serum folate, and serum
B12. Plasma total homocysteine was
measured by Liquid Chromatography
Tandem Mass Spectrometry (MDS
Laboratories Inc, Toronto, Ontario,
Canada). The same laboratory measured serum folate and serum B12, as
well as serum glycated hemoglobin, serum creatinine, and urinary protein.
Outcome Measures

The primary outcome measure was progression of nephropathy, which was assessed by change in glomerular filtration rate (GFR). A validated technique
for measuring radionuclide GFR was
performed at baseline, 18 months, and
36 months using 99Technetium-DTPA
(99Tc-diethylenetriaminepentaacetic
acid).14 Glomerular filtration rate was
also estimated every 6 months using a
3-hour timed creatinine clearance commencing 1 hour after a single dose of
800-mg cimetidine (to prevent tubular secretion of creatinine).14,15 Three
values for each method were obtained
at 30-minute intervals per participant
visit. All radionuclide GFRs and cimetidine creatinine clearances were adjudicated by a blinded nephrologist
(A.A.H.). In cases of outlying values (ie,
⬎10% difference among the 3 values),
the nephrologist discarded those values believed to be biologically implausible, most commonly based on inad-
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equate urine flow. For each method, the
median of the 3 values was used in
the analyses. Glomerular filtration rate
was also estimated by the 4-variable
Modification of Diet in Renal Disease
(MDRD) formula.16
Secondary and tertiary outcomes included dialysis, occurrence of vascular events and all-cause mortality,
cognitive decline (measured by the
Mini-Mental State Examination score),
and amputation. Ascertainment of possible events was sought during participants’ clinic visits and from hospital records. A blinded adjudication committee
reviewed all events to determine their
validity and to classify the vascular
events as MI, stroke, revascularization
(peripheral, cardiac angioplasty, or cardiac bypass), cause of death, and amputation for peripheral vascular disease, using the definitions of the
Vitamin Intervention for Stroke Prevention trial.17 In addition, all other undesirable or harmful changes in health
that occurred among participants in the
trial were recorded and classified as adverse events. Adverse events that were
incapacitating with inability to perform usual activity were classified as severe. Adverse events that caused death,
permanent damage, birth defects, were
life-threatening, or required hospitalization were classified as serious.
Sample Size and Statistical Analyses

A previous study had reported a mean
(SD) decrease in GFR of 4.4 (2.9) mL/
min/1.73 m2 per year.18 Given an observed constant rate of decline over time,
we assumed a 3-year mean (SD) decrease of 12 (9) mL/min/1.73 m2 in the
placebo group. A total trial size of 286
participants provided 80% power to detect a 25% reduction in GFR decline between the placebo and B-vitamin groups
(12 vs 9 mL/min/1.73 m2), at a 2-tailed
5% level of significance. Interim efficacy analyses were not planned.
During the trial, the data and safety
monitoring board committee noted
that, although the rate of GFR decrease in the placebo group was comparable with that predicted, the rate of
GFR decrease in the B-vitamin group
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was higher than the predicted placebo
rate. The data and safety monitoring
board committee performed a conditional power calculation that indicated improbability of yielding a significant benefit in the primary outcome
at the end of the trial, and therefore recommended stopping enrollment after
252 participants and stopping follow-up after the final radionuclide GFR
was completed.
Trial data were collected by the center coordinators using standard 2-part
carbonless copy paper, monitored for
completeness and accuracy by the study
monitor, and double-keyed into an
Oracle Clinical database at Robarts
Clinical Trials, London, Ontario,
Canada. Biochemical results from the
central laboratory were received electronically. Data were analyzed using a
modified intention-to-treat approach,
defined as participants who met all the
inclusion criteria and none of the exclusion criteria, ingested their first tablet of medication, and had 1 or more
postrandomization GFR efficacy measures. Statistical analyses were performed by using SAS software version
9.2 (SAS Institute Inc, Cary, North
Carolina) and multiple imputation was
performed by using SOLAS software
version 3.0 (Statistical Solutions Ltd,
Saugus, Massachusetts).
The primary analysis compared
treatment groups on their mean
change in radionuclide GFR between
baseline and 36 months using a mixed
linear model (PROC MIXED procedure in SAS [SAS Institute Inc]),
analogous to an unbalanced repeated
measures analysis of covariance.
For the analysis, participant was
considered as a random effect, treatment group and visit number as fixed
effects, an interaction term between
treatment and visit to assess for a differential treatment effect over time,
and baseline GFR as the covariate. The
results are summarized in terms of
least square means with standard
errors (SEs) and 95% confidence intervals (CIs) about treatment group
differences. In cases of missing or
unavailable radionuclide GFR values,

Figure 1. Flow of Participants in the Trial
4175 Participants underwent clinical assessment
3923 Excluded
2858 Did not meet inclusion criteria
579 Refused to participate
486 Other (distance, physician
refusal, poor venous access)
252 Randomized

124 Randomized to receive placebo
123 Received placebo as
randomized
1 Did not receive placebo
(did not have diabetic
nephropathy)

128 Randomized to receive B vitamins
125 Received B vitamins as
randomized
3 Did not receive B vitamins
(did not have diabetic
nephropathy)

52 Discontinued intervention
20 Adverse events
10 Had dialysis
6 Died
2 Withdrew consent
3 Moved
11 Other (ill health, poor venous
access)

56 Discontinued intervention
22 Adverse events
10 Had dialysis
7 Died
3 Withdrew consent
4 Moved
10 Other (ill health, poor venous
access)

119 Included in primary analysis
4 Excluded from analysis (no visit
postrandomization)
2 Withdrew consent
2 Moved

119 Included in primary analysis
6 Excluded from analysis (no visit
postrandomization)
3 Withdrew consent
3 Moved

GFR was estimated by cimetidine creatinine clearance. If neither was available, GFR was estimated by the
MDRD formula. Substituting the estimated GFRs for the radionuclide
GFRs was reasonable as the Pearson
correlations were high (r = 0.95 for
cimetidine creatinine clearance and
r = 0.92 for the MDRD formula) and
the relationships were linear. When all
3 values were not available, multiple
imputation using the Predictive Model
Based Method in SOLAS version 3.0
(Statistical Solutions Ltd) was used to
impute GFR, with the exception that
participants who commenced dialysis
postrandomization were assigned a
GFR value of 10 mL/min/1.73 m 2 .
Multiple imputation was used for all
other missing laboratory and vital
status variables that were collected
longitudinally.
Kaplan-Meier event-free survival
analysis was used to plot cumulative
failure curves for the composite outcome (MI, stroke, revascularization, allcause mortality) and to estimate 36month risks of outcome for the 2
treatment groups. Treatment effective-
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ness was assessed using univariate Cox
proportional hazards regression model,
with only treatment group in the model.
Hazard ratios (HRs) with 95% CIs were
calculated. A 2-tailed P⬍ .05 was considered statistically significant.
RESULTS
Participants

FIGURE 1 shows the flow of participants in the trial. Four participants did
not meet inclusion criteria and 10 did
not return for their first postrandomization visit to provide their GFR efficacy measure. Therefore, 238 participants (119 in the B-vitamin group and
119 in the placebo group) were available for the modified intention-totreat analyses. Participants were followed up for a mean (SD) of 31.9 (14.4)
months and a median (interquartile
range) of 32.2 (28.2) months.
Baseline characteristics were similar between the placebo and B-vitamin
groups (TABLE 1). Participants were
predominantly men (178 [74.8%]) and
white (198 [83.2%]), with type 2 diabetes (195 [81.9%]). Consistent with
the presence of diabetic nephropathy,
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Table 1. Baseline Characteristics of Participants in Placebo and B-Vitamin Groups a
Characteristics
Demographics and risk factors
Age, y
Men, No. (%)
White race, No. (%)
Weight, kg
BMI
Blood pressure, mm Hg
Systolic
Diastolic
Current smoker
MMSE score b
Plasma total homocysteine, µmol/L
Lipid values, mg/dL
Total cholesterol
HDL cholesterol
LDL cholesterol
Triglycerides
Vitamin levels
Serum folate, ng/mL
Serum vitamin B12, pg/mL
Diabetic features
Type 2 diabetes, No. (%)
Duration of diabetes, median (IQR), y
Duration of diabetic nephropathy, median (IQR), y
Proteinuria, median (IQR), g/24 h
Glycated hemoglobin, %
History, No. (%)
Hypertension
Hyperlipidemia
Myocardial infarction or angina
Stroke or transient ischemic attack
Peripheral vascular disease
Renal function
Serum creatinine, median (IQR), mg/dL
Cockcroft-Gault creatinine clearance, mL/min/1.73 m2
Radionuclide GFR, mL/min/1.73 m2
GFR ⬍60 mL/min/1.73 m2, No. (%)
MDRD-4 variable GFR, mL/min/1.73 m2
Cimetidine GFR, mL/min/1.73 m2
Current medication use, No. (%)
Insulin
Hypoglycemic medications
Hypoglycemic medications or insulin
Diuretic
␤-Blocker
Calcium channel blocker
Angiotensin blockade
Antiplatelet or warfarin
Lipid-lowering medications
Other antihypertensive medications

Placebo Group
(n = 119)

B-Vitamin Group
(n = 119)

60.1 (10.8)
88 (73.9)
99 (83.2)
93.0 (17.4)
32.4 (5.5)

60.7 (11.6)
90 (75.6)
99 (83.2)
94.1 (20.3)
32.6 (6.0)

153 (26)
81 (12)
20 (16.8)
28.7 (2.2)
16.4 (5.4)

150 (24)
80 (11)
15 (12.6)
28.8 (1.6)
14.7 (4.9)

182 (51)
43 (13)
99 (37)
221 (151)

183 (44)
44 (15)
97 (36)
217 (136)

15 (15)
474 (286)

16 (37)
412 (193)

100 (84.0)
18.0 (16.0)
2.0 (3.0)
0.9 (1.5)
8.1 (1.5)

95 (79.8)
19.0 (17.0)
2.0 (3.0)
0.8 (1.2)
8.1 (1.6)

111 (93.3)
102 (85.7)
43 (36.1)
17 (14.3)
17 (14.3)

112 (94.1)
103 (86.6)
31 (26.1)
17 (14.3)
24 (20.2)

1.6 (1.1)
58.5 (27.5)
51.7 (28.2)
79 (66.4)
51.4 (26.6)
54.7 (23.3)

1.4 (0.9)
64.0 (32.1)
57.6 (30.8)
73 (61.3)
56.6 (27.5)
59.4 (30.4)

81 (68.1)
55 (46.2)
114 (95.8)
87 (73.1)
43 (36.1)
67 (56.3)
108 (90.8)
74 (62.2)
92 (77.3)
18 (15.1)

65 (54.6)
61 (51.3)
109 (91.6)
72 (60.5)
47 (39.5)
74 (62.2)
116 (97.5)
74 (62.2)
94 (79.0)
13 (10.9)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); GFR,
glomerular filtration rate; HDL, high-density lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein; MDRD,
Modification of Diet in Renal Disease; MMSE, Mini-Mental State Examination.
SI conversions: To convert total, HDL, and LDL cholesterol to mmol/L, multiply by 0.0259; triglycerides to mmol/L,
multiply by 0.0113; serum folate to nmol/L, multiply by 2.266; serum vitamin B12 to pmol/L, multiply by 0.7378; serum creatinine to µmol/L, multiply by 88.4; Cockcroft-Gault creatinine clearance to mL/s/m2, multiply by 0.0167.
a Data are presented as mean (SD), unless otherwise indicated.
b Percentage of patients with a score of less than 25 for dementia (4.2% for placebo and 2.5% for B vitamins).
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the mean (SD) baseline GFR was low
at 54.7 (29.5) mL /min/1.73 m2, with
152 participants (63.9%) having at least
stage 3 chronic kidney disease (GFR
⬍60 mL /min/1.73 m2). The baseline
mean plasma total homocysteine was
increased at 15.5 (5.2) µmol/L. The
prevalent use of hypoglycemic medications, insulin, angiotensin blockade, and other cardioprotective medications indicated that participants were
well-treated by their attending physicians.
Renal Outcomes

Among the 238 participants at baseline, 205 and 118 remained in the analyses at 18 and 36 months, respectively.
Only 25 (12.2%) and 16 (13.6%) GFRs
were unavailable at 18 and 36 months,
respectively, and had to be imputed.
Participants assigned to the B-vitamin
group had a much greater decrease in
radionuclide GFR compared with the
placebo group (P = .045) (TABLE 2).
Over 36 months, the GFR decreased by
a mean (SE) of 16.5 (1.7) mL/min/
1.73 m2 in the B-vitamin group compared with 10.7 (1.7) mL/min/1.73 m2
in the placebo group, a significant mean
difference of −5.8 (95% CI, −10.6 to
−1.1; P=.02). This result was similar to
the MDRD formula results, which had
estimated GFR measurements at 12 and
24 months.
Despite the unexpected reverse findings for GFR, the plasma total homocysteine results were as expected. At 36
months, participants in the B-vitamin
group had a mean (SE) decrease of 2.2
(0.4) µmol/L and participants in the placebo group had a mean (SE) increase
of 2.6 (0.4) µmol/L, resulting in a significant mean difference of −4.8 (95%
CI, −6.1 to −3.7; P ⬍ .001, in favor of B
vitamins). This result was congruent
with the significantly large increases
(P ⬍ .001) in mean serum folate and
serum vitamin B12 at all time points in
the B-vitamin group (eTable, available
at http://www.jama.com). Proteinuria
did not significantly change during
the follow-up period (Table 2), and
there was no difference in the proportion of participants who required di-
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Table 2. Least Squares Mean Change From Baseline at Prespecified Follow-up Visits by Treatment Group From Mixed Linear Models a
Overall
Baseline
Mean (SE)
Score
(n = 238)
Radionuclide GFR
Placebo
B vitamins
MDRD GFR
Placebo
B vitamins
Plasma total
homocysteine
Placebo
B vitamins
Proteinuria
Placebo
B vitamins
MMSE score b
Placebo
B vitamins

12 mo
(n = 111)
(n = 107)

54.7 (1.9)

18 mo
(n = 104)
(n = 101)

24 mo
(n = 88)
(n = 83)

−5.4 (1.0)
−5.5 (1.0)

15.5 (0.3)

1.1 (0.4)
−2.7 (0.4)

1.47 (0.11)

0.25 (0.13)
0.08 (0.13)

28.7 (0.12)

−0.08 (0.11)
−0.20 (0.11)

−8.5 (1.0)
−8.7 (1.0)

0.33 (0.13)
0.11 (0.13)

36 mo
(n = 61)
(n = 57)

Between
Treatment
Groups

Treatment
Among
⫻ Visit
Visits Interaction

Between
Groups
(95% CI)

P
Value

−10.7 (1.7)
−16.5 (1.7)

.045

⬍.001

.09

−5.8 (−10.6 to −1.1)

.02

−8.7 (1.1)
−9.9 (1.1)

−9.1 (1.2)
−13.5 (1.2)

.26

⬍.001

.02

−4.4 (−7.8 to −1.0)

.01

2.1 (0.4)
−2.1 (0.4)

2.6 (0.4)
−2.2 (0.4)

⬍.001

⬍.001

.16

−4.8 (−6.1 to −3.7)

⬍.001

0.21 (0.14)
0.08 (0.14)

0.17 (0.16)
0.22 (0.16)

.46

.88

.66

0.05 (−0.39 to 0.50)

.82

−0.49 (0.12) −0.12 (0.14)
0.01 (0.12) −0.40 (0.14)

.82

.38

⬍.001

−0.28 (−0.67 to 0.11)

.15

−8.1 (1.4)
−10.2 (1.4)

54.0 (1.8)

Difference in LS Mean
Change at 36 mo

P Value

LS Mean (SE) Change

Abbreviations: CI, confidence interval; GFR, glomerular filtration rate; LS, least squares; MDRD, Modification of Diet in Renal Disease; MMSE, Mini-Mental State Examination.
a Units for radionuclide GFR and MDRD GFR are mL/min/1.73 m2; for plasma total homocysteine, µmol/L; and for proteinuria, g/24 hours. Stacked numbers of participants for LS mean
(SE) change at 12 through 36 months indicate numbers of participants receiving placebo or B vitamins, respectively, for each outcome.
b Percentage of patients with score of less than 25 (dementia) at 36 months (3.3% for placebo and 0% for B vitamins).

alysis (HR, 1.1; 95% CI, 0.4-2.6; P=.88)
(TABLE 3).

Table 3. Kaplan-Meier 36-Month Risk of Outcomes and Hazard Ratios From Cox
Proportional Hazards Regression Model a
Outcomes, No. (%)

Other Outcomes

Participants randomized to receive B vitamins had a significantly greater number of cardiovascular and cerebrovascular events (Table 3). The 36-month
risk of a composite outcome, including MI, stroke, revascularization, and
all-cause mortality, in the B-vitamin
group was double that in the placebo
group (HR, 2.0; 95% CI, 1.0-4.0; P=.04)
(Table 3), and the corresponding cumulative failure curves are shown in
FIGURE 2. The 36-month risks of the
composite end point was 23.5% (95%
CI, 15.0%-32.0%) in the B-vitamin
group and 14.4% (95% CI, 6.9%21.8%) in the placebo group. Allcause mortality and amputation
(Table 3) and cognitive decline based
on the Mini-Mental State Examination score (Table 2) did not significantly differ between the treatment
groups. There were no significant differences in mean glycated hemoglobin between the 2 groups during the
course of the trial (eTable). Mean systolic and diastolic blood pressures significantly decreased over time but did

Outcomes
Secondary outcomes
Dialysis
MI
Stroke
Revascularization
All-cause mortality
MI, stroke, revascularization,
all-cause mortality
Tertiary outcomes
MI, stroke, all-cause mortality
Amputation

Placebo Group
(n = 119)

B-Vitamin Group
(n = 119)

Hazard Ratio
(95% CI)

P
Value

10 (11.7)
4 (4.6)
1 (1.3)
5 (6.1)
6 (6.6)
13 (14.4)

10 (12.3)
8 (7.8)
6 (7.2)
7 (6.3)
7 (6.7)
24 (23.5)

1.1 (0.4-2.6)
2.1 (0.6-6.9)
6.6 (0.8-54.4)
1.5 (0.5-4.6)
1.2 (0.4-3.6)
2.0 (1.0-4.0)

.88
.23
.08
.51
.72
.04

10 (10.8)
1 (1.6)

20 (20.1)
2 (2.1)

2.2 (1.0-4.6)
2.1 (0.2-23.2)

.046
.54

Abbreviations: CI, confidence interval; MI, myocardial infarction.
a Revascularization indicates peripheral and cardiac angioplasty and cardiac bypass procedures. Amputation indicates amputation for peripheral vascular disease.

not differ between treatment groups,
and most elements of the lipid profile
also did not differ between treatment
groups (eTable).
Adverse Events Other Than Outcomes

A total of 1060 adverse events were
reported (535 in the placebo group
and 525 in the B-vitamin group).
These included many transient minor
complaints, such as dizziness, nausea,
or headache. None was deemed by the

©2010 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ on 09/16/2014

attending physician to be related to
trial medication. Counting participants only once, 1 or more adverse
events were reported in 107 participants (89.9%) in the placebo group
and 105 (88.2%) in the B-vitamin
group (P = .68). One or more severe
adverse events were reported in 38
participants (31.9%) in the placebo
group and 39 (32.8%) in the
B-vitamin group (P = .89). One or
more serious adverse events were
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Figure 2. Cumulative Proportion of
Myocardial Infarction, Stroke,
Revascularization, and All-Cause Mortality
B vitamins
Placebo

Cumulative Proportion
of Composite Outcome

0.25
0.20

HR, 2.0; 95% CI, 1.0-4.0;
Log-rank P = .04

0.15
0.10
0.05

0

6

12

18

24

30

36

Months From Randomization
No. at risk
B vitamins 119
Placebo 119

107
117

96
105

87
93

70
81

59
72

45
53

HR indicates hazard ratio; CI, confidence interval. The
36-month risk of the composite outcome was 23.5%
in the B-vitamin group and 14.4% in the placebo group
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reported in 48 participants (40.3%) in
the placebo group and 40 (33.6%) in
the B-vitamin group (P=.28).
COMMENT
In this multicenter, randomized,
double-blind, placebo-controlled trial,
we found that high doses of combined
B vitamins (folic acid, vitamin B6, and
vitamin B 12 ) significantly lowered
plasma total homocysteine in participants with diabetic nephropathy compared with matching placebo. However, the group of participants assigned
to the B-vitamin therapy had a more
rapid decrease in renal function, measured by radionuclide GFR, and had a
higher rate of MI and stroke.
There is a strong biological rationale for homocysteine to be a risk factor for vascular disease, as shown in animal models, 19,20 in vitro scientific
work, 21-23 and observational studies.6,7,24 However, most large homocysteine-lowering B-vitamin clinical trials
have failed to show a benefit for the prevention of stroke17 and cardiovascular
outcomes.25-28 One interpretation of the
conflicting results is that the mechanisms by which homocysteine influences vascular outcomes are not primarily related to the pathogenesis of
coronary artery disease, which is largely
1608

due to plaque formation and rupture,
although an imaging substudy showed
that patients receiving B-vitamin
therapy had less plaque progression of
3-dimensional vessel wall volume using
ultrasound.29 Any putative role of high
homocysteine levels might, therefore,
be at the level of the microvasculature
promoting endothelial dysfunction and
lacunar infarction, and through increased thrombosis.30
Our trial is the first study to our
knowledge to show significant detrimental effects from pharmacological
doses of B vitamins (folic acid, vitamin B6, and vitamin B12). Other studies have suggested potential harm, or
at best a neutral effect of B vitamins. Our
results are consistent with a recent small
study31 showing increased vascular
events in patients with unstable angina and non–ST-elevation MI, particularly in the subgroup with diabetes. Another recent publication has raised
concerns about increased cancer risk
and all-cause mortality in patients with
ischemic heart disease receiving B vitamins.32 Although our study was limited by its sample size to detect differences in cancer and other infrequent
outcomes, it was adequately powered
to test our hypothesis regarding renal
function decline and did show a significant difference in predefined cardiovascular and cerebrovascular events.
Whether these results can be generalized to other populations beyond those
similar to the participants enrolled into
the trial or dosing strategies that differ
from the combination chosen herein is
speculative. Patient discontinuation
over time did not affect our results, because there were no differences in baseline characteristics between participants who were and were not available
for the primary 36-month analyses.
One interpretation of our completed trial is that these results are simply the play of chance. This explanation seems unlikely, given that renal
function decline was mirrored by the
occurrence of vascular outcomes, suggesting that B vitamins were in some
way associated with both renal and vascular toxicity. An alternative explana-
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tion is that homocysteine lowering
may be protective, but offset by toxicity associated with pharmacological
doses of B vitamins. At the beginning
of the trial, serum levels of B vitamins
were rather high among participants
randomized to the B-vitamin group and
by the end of the trial, they were very
high. Mandatory folic acid fortification likely contributed to the observation of relatively high folate levels in all
participants, limiting generalizability of
our results to an unsupplemented
population. Because these vitamins are
water-soluble and renally excreted, vitamin toxicity may be more of a concern in patients with impaired renal
function. One or more of 3 potential
mechanisms33 may explain the renal
and vascular toxicity observed in our
trial. First, folic acid may promote cell
proliferation through its role in thymidine synthesis. Second, the use of
folic acid and vitamin B12 might alter
the methylation potential in vascular
cells. Finally, B-vitamin therapy could
potentially increase the methylation
of L-arginine to the nitric oxide synthase inhibitor asymmetric dimethylarginine.
If the homocysteine theory of atherosclerosis is to be proved or disproved with certainty, it may be necessary to find alternative, nonvitamin
strategies to lower homocysteine, such
as enhancing the conversion of homocysteine to cysteine in the liver or enhancing urinary excretion.33 To this
end, investigators have begun to examine the use of agents capable of thiol exchange, liberating homocysteine bound
by disulfide bonds to proteins; therefore, facilitating its urinary excretion
and lowering plasma levels significantly without the use of vitamins.34
In conclusion, in our randomized
trial of participants with diabetic nephropathy and stages 1 to 3 chronic kidney disease, the use of high doses of B
vitamins (containing 2.5 mg/d of folic
acid, 25 mg/d of vitamin B6, and 1 mg/d
of vitamin B12) compared with placebo resulted in a greater decrease in
GFR and an increase in MI and stroke.
Given the recent large-scale clinical
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trials showing no treatment benefit, and
our trial demonstrating harm, it would
be prudent to discourage the use of
high-dose B vitamins as a homocysteine-lowering strategy outside the framework of properly conducted clinical research.
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