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Abstract
BACKGROUND: Object ives:  Elevated plasma total 
homocysteine (tHcy) is associated with increased risk 
of cardiovascular disease, stroke and dementia.  Results of 
clinical trials using B-vitamins to reduce the cognitive 
risks attributed to tHcy have been inconsistent. The high 
prevalence of both hyperhomocysteinemia and cognitive 
impairment among kidney transplant recipients makes them 
an important population in which to evaluate the effect of 
lowering homocysteine on cognitive function. We therefore 
evaluated whether B-vitamin therapy to lower tHcy would 
prevent cognitive-decline in a cohort of stable kidney transplant 
recipients.
DESIGN: The study was a longitudinal ancillary of the 
FAVORIT trial, a randomized, placebo-controlled multi-site 
trial of high-dose B vitamins to reduce cardiovascular and 
cerebrovascular events in clinically stable kidney transplant 
recipients with elevated tHcy. 
PARTICIPANTS: 584 participants from 18 sites across North 
America. 
INTERVENTION: The intervention consisted of a daily 
multivitamin containing high-doses of folate (5.0 mg), vitamin 
B12 (1.0 mg) and vitamin B6 (50 mg). The placebo consisted of 
a daily multi-vitamin containing no folate and recommended 
daily allowances of  vitamins B12 and B6 (0 mg folate; 2.0 µg 
vitamin B12; 1.4 mg vitamin B6).
MEASUREMENTS: Annual neuropsychological assessment for 
up to 5 years (mean 3.3 years)  using a standardized test battery. 
Efficacy was analyzed on an intention-to-treat basis using end-
of-trial data.  Subgroup analyses included stratification for 
baseline plasma B-vitamin and tHcy concentrations.
Results:  At baseline, cognitive impairment was common with 
61% of participants falling more than one standard deviation 
below published norms for at least one cognitive test.  Fewer 
than 1% of participants had insufficient plasma folate < 5 ng/
ml or vitamin B12 < 148 pmol/L. However, 44.6% had plasma 
B6 concentrations < 30 nmol/L.  At follow-up, processing speed 
and memory scores were modestly but significantly better in the 
B-vitamin supplement group than in controls (p≤0.05). There 
was no interaction between baseline tHcy, B-vitamin status and 
treatment on the cognitive outcomes.

CONCLUSIONS:  High-dose B-vitamin supplementation 
provided modest cognitive benefit for kidney transplant 
recipients with elevated baseline tHcy. Since nearly all 
participants were folate and vitamin B12 sufficient at 
baseline, the potential cognitive benefits of folate and B12 
supplementation in individuals with poor B-vitamin status 
remains to be determined. 

Key words: Folate, B-vitamins, homocysteine, cognition, kidney 
transplant.

Introduction

Mild to moderately elevated plasma total 
homocysteine (tHcy) concentrations are 
associated with impaired cognitive function 

in older adults, and with significantly increased risk of 
cardiovascular disease, cerebrovascular disease, cognitive 
decline and dementia (1-7). These associations are 
thought to result from homocysteine-induced vascular 
damage and from altered homocysteine metabolism and 
methylation activity in the periphery and brain.        

Because the B-vitamins folate, B12 and B6 are 
important determinants of homocysteine metabolism 
and supplementation with these vitamins can lower 
circulating tHcy, B-vitamin therapy to lower tHcy 
has been studied in a variety of settings as a way to 
reduce the cerebrovascular and cognitive risks that are 
attributed to homocysteine. The results of these trials 
have been mixed and their collective interpretation 
remains controversial, due to heterogeneity in design, 
study limitations and other considerations (8-11).  Several 
trials in healthy older adults (12), elders with vascular 
disease (13), individuals with mild cognitive impairment 
(14), elders with mild vitamin B12 deficiency (15), and 
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dementia (16), found that B-vitamin treatment did not 
benefit cognition despite lowering tHcy. Other trials, 
however, find better cognitive outcomes following 
treatment with high-dose B vitamins compared to 
placebo, primarily in individuals at-risk of cognitive 
decline with elevated plasma tHcy concentrations at 
baseline (17-19). Notably, the recent VITACOG trial 
tested the effect of a daily dose of 0.8 mg folic acid, 0.5 
mg vitamin B12 and 20 mg vitamin B6 versus placebo on 
brain atrophy over 2 years, in individuals who met the 
clinical criteria for Mild Cognitive Impairment (MCI). 
The results showed that relative to placebo, B vitamin 
treatment  stabilized executive function independently of 
tHcy and slowed both brain atrophy and decline in the 
Mini Mental State Examination (MMSE) and semantic 
and episodic memory in those participants who had a 
baseline plasma tHcy concentration above 11.3µmol/L, 
but had no effect in those with concentrations below that 
level (19-21). 

Both hyperhomocysteinemia and cognitive impairment 
are common in individuals with chronic kidney disease 
(22-24). Although tHcy concentrations fall modestly 
after kidney transplantation, elevations of tHcy typically 
persist, remaining in the range associated with increased 
risk of cerebrovascular disease and cognitive decline in 
the general population (25, 26). In contrast to findings 
among dialysis patients, tHcy concentrations can be 
further lowered among stable transplant recipients 
through high-dose B-vitamin therapy (27, 28). Since 
kidney transplant recipients have a high prevalence of 
hyperhomocysteinemia as well as a high risk of cognitive 
impairment, they are a useful test population to evaluate 
the effect of B-vitamin therapy to lower tHcy on cognitive 
function. 

In this context, the present study was designed to 
determine whether B-vitamin therapy would prevent 
cognitive decline in patients with hyperhomocysteinemia 
who had received a kidney-transplant: FACT (the 
FAVORIT Ancillary Cognitive Trial) (29), was a 
longitudinal ancillary study of the Folic Acid for 
Vascular Outcome Reduction in Transplantation trial 
(FAVORIT), a multisite, randomized, double-blind,  
placebo-controlled clinical trial that examined the 
effects of treatment with B-vitamins to lower tHcy on 
cardiovascular outcomes in kidney transplant recipients 
with mild to moderately elevated tHcy.

Although B-vitamin therapy did not improve 
cardiovascular endpoints in FAVORIT despite lowering 
tHcy (30), the cognitive effects of treatment in this 
population have not yet been reported.   

Participants and Methods

FAVORIT (parent trial) summary

The design and results of the parent trial have been 
previously reported (30, 31) and the trial is registered 

at ClinicalTrials.gov under identifier NCT00064753. 
Briefly, participants were men and women aged 35 
to 75 years with stable kidney function for at least 6 
months after transplantation and with elevated tHcy 
of ≥ 12.0 µmol/L for men or ≥11.0 µmol/L for women. 
The trial enrolled study participants from 30 sites in the 
USA, Canada and Brazil between August 2002 through 
January 2007, with follow-up contacts occurring every 6 
months and annual clinic visits. Participants randomized 
to the treatment group received a daily multi-vitamin 
containing high-doses of folate (5.0 mg), vitamin B12 (1.0 
mg) and vitamin B6 (50 mg). Those randomized to the 
placebo group received a daily multi-vitamin containing 
no folate and doses of vitamins B12 and B6 consistent 
with recommended daily allowances (folate 0 mg; 
vitamin B12, 2.0 µg; and vitamin B6, 1.4 mg. Mandatory 
fortification of flour with folic acid was in effect in the 
participant’s countries throughout the trial.  The primary 
outcome of FAVORIT was pooled incident or recurrent 
cardiovascular disease. The study was terminated 
early on June 24, 2009 after an interim analysis by the 
Data Safety and Monitoring Board concluded that the 
incidence of cardiovascular disease, all-cause mortality, 
and onset of dialysis-dependent kidney failure did not 
differ by treatment.

FACT participant enrollment

FACT was designed to recruit  at least 800 subjects for 
in-person cognitive testing at all 30 of the FAVORIT sites, 
which was estimated to provide more than adequate 
power to detect a 5% difference between treatment and 
control groups, and with a standard deviation of  25% 
of the mean, even with attrition. A subsequent power 
calculation based on the collected data showed sufficient 
power to detect a 6.5% difference between treatment 
and control groups. Of the 30 FAVORIT sites, 18 sites in 
North America conducted in-person cognitive testing 
for the ancillary study (for participating sites Appendix 
A)#. FAVORIT participants at these sites were eligible 
to enroll in FACT, with exclusions for visual or hearing 
impairment substantial enough to hinder performance 
on cognitive testing. Since the initiation of the parent 
FAVORIT trial predated the initiation of FACT by more 
than a year, FAVORIT participants were eligible for 
FACT at either the time of their randomization into 
FAVORIT or the time of an annual FAVORIT follow-
up visit. Participants were followed annually for the 
duration of the parent trial. The study received approval 
from the institutional review or ethics boards of all 18 
clinical sites and Tufts University.  Written informed 
consent was obtained from all participants.

Cognitive testing

A battery of well-validated neuropsychological 
tests was administered in person during participants’ 
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FAVORIT clinic visits. These tests were selected to 
evaluate multiple domains of cognition and mood, 
including memory, executive function, processing speed 
and depression (Table 1) . Research staff at participating 
FAVORIT clinics were trained in test administration at 
bi-annual training sessions held at Tufts University, with 
on-site sessions occurring as needed to ensure consistent 
and valid testing procedures. On average, participants 
were tested twice (range 1 – 5 tests), with a mean of 3.3 
years on treatment prior to their final testing session. Of 
the 220 participants who had only one cognitive testing 
session, most were conducted towards the end of the trial 
rather than the beginning of the FAVORIT study.

Biomarkers

Archived base l ine  b lood was  assayed for 
biochemical markers. Plasma tHcy was measured by 
high-performance liquid chromatography (32). Serum 
creatinine was determined by kinetic Jaffe assay which 
was calibrated to the IDMS standard, with estimated 
glomerular filtration rate (eGFR) calculated using the 
Chronic Kidney Disease Epidemiology Collaboration 
(CKD-EPI) equation (33). Plasma folate and vitamin B12 
(cyanocobalamin) were measured using the Quantaphase 
II radioassay kit (Bio-Rad Laboratories, Hercules, CA). 
Pyridoxal  5’-phosphate (vitamin B6) was determined by 
the tyrosine decarboxylase apoenzyme method (34).

Covariates

Most demographic and clinical data were ascertained 
from the FAVORIT parent trial with additional self-
reported demographic data, including duration 

of transplant and education, collected specifically for 
FACT. Prior to modeling, we examined distributions of 
demographic, health-related, and study design variables 
between the intervention and control groups to identify 
potentially significant covariates.  Statistical models were 
accordingly adjusted for the following: age at baseline, 
sex, race, education, hypertension at baseline, diabetes at 
baseline, duration of transplant, number of testing time-
points, FAVORIT site, and eGFR.

Statistics

All statistical analyses were performed using SAS 
software (SAS Institute, version 9.3). Unless otherwise 
stated, statistical significance refers to 2-sided p 
values < 0.05. Intervention efficacy was analyzed on 
an intention-to-treat basis. We calculated least squares 
means (lsmeans) and 95% confidence intervals (95% 
CI) for baseline demographic, lifestyle, and health-
related characteristics across treatment and control 
groups. For positively skewed data, a natural 
logarithmic transformation was applied and geometric 
means presented. Except where otherwise indicated, 
cognitive test results presented are from end-of-trial 
data (i.e. the final test scores for each participant). 
Cognitive differences between treatment and control 
groups were evaluated by comparing lsmeans and 95% 
CI from generalized linear models (PROC GLM).  Tobit 
regressions were used for analyses of the Trails Making 
tasks, since this outcome is right-censored. The effect of 
the intervention on tHcy was evaluated by calculating 
differences between tHcy concentrations before- and 
1-year after the intervention began. Interactions terms for 
treatment effect with both baseline B-vitamin and tHcy 

Table 1. Neuropsychological test battery
Cognitive Domain Test Description Scoring

Verbal memory Word List Learning (35) Learning and delayed recall of 
a 12 word list; Immediate recall: 
words recalled over 4 trials; 
Delayed  recall: 12 word recall 
after 25-35 minute delay

Number of words correctly 
recalled; Immediate recall score 
range: 0 to 48; Delayed recall 
score range 0 to 12

Execut ive  Funct ion  and 
Mental Processing Speed

Trails A&B (37) “Connect-the-dots” for (A) 
consecutive number sequence, 
and (B) alternating between 
numbers and letters

N u m b e r  o f  s e c o n d s  t o 
completion, test censored at 300 
seconds

Digit Symbol Coding (36) Decoding symbols matched to 
a digits provided in an answer 
key; number copied in 2 minutes

Number of copied symbols in 
two minutes, score range 0 to 133

Visuospatial Construction & 
Fluid Reasoning

Block Design (36) Reproduction of designs with a 
set of colored blocks

Number completed, weighted 
for speed of completion, score 
range: 0 to 68

Depression CES-D (59) Rating of depressive symptoms 
experience over the past month

Number of symptoms endorsed, 
weighted by severity, score 
range: 0 to 60
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status assessed whether participants with lower baseline 
plasma concentrations of B vitamins (folate, vitamin 
B12, vitamin B6) or higher baseline tHcy experienced 
different effects of treatment on cognitive performance 
compared to those with higher initial B-vitamin or lower 
tHcy concentrations.  All models were adjusted for the 
covariates listed above.  

Raw cognitive test scores were converted to age-
adjusted scaled-scores for the Word List Learning, 
Block Design and Digit Symbol tests (35, 36) and were 
converted to age, sex and education adjusted t-scores 
for the Trails Making tests (37), in order to calculate the 
percentage of impaired participants by comparing group 
t-scores to population-appropriate published normative 
data.  If the mean test score fell one standard deviation 
or more below the normative mean, then performance 
on the test was considered impaired (29). Chi square 
tests were used to determine if the percent of impaired 
subjects differed by treatment. 

Longitudinal changes in cognition were analyzed 

for the subset of participants recruited into FACT at 
their FAVORIT baseline visit prior to beginning the 
trial intervention and for whom follow-up data were 
available.  Change in cognitive test scores was calculated 
as [(last available test - first available test) / years 
between tests].  We also used the models described above 
to assess whether the magnitude of change in tHcy (tHcy 
measured one year after intervention – tHcy measured 
at screening) was associated with change in cognitive 
function.  All models were adjusted for baseline cognitive 
test scores in addition to the covariates listed above. 
Cognitive function among the subset of participants who 
were assessed at their FAVORIT baseline visit before 
treatment began was previously described elsewhere (29).

 

Table 2. Characteristics of participants by treatment group
Treatment N=250 Control N=274

Age at baseline; yrs 52.9 (51.7, 54.1) 52.5 (51.4, 53.6)
Sex; % male 64.8 (58.8, 70.8) 61.3 (55.6, 67)
Race; %
    White 75.2 (70.1, 80.3) 81 (76.1, 85.9)
    Black 19.2 (14.5, 23.9) 15.7 (11.2, 20.2)
    Other 5.6 (3.1, 8.1) 3.3 (0.9, 5.7)
Education; years 15.2 (14.9, 15.6) 15.4 (15.1, 15.7)
Current smoker; % 14.4 (10.3, 18.5) 10.1 (6.2, 14)
Cadaver transplant; % 59.8 (53.8, 65.9) 62.3 (56.5, 68.1)
Years since transplantation 9.6 (8.8, 10.4) 9.4 (8.7, 10.2)
Dialysis prior to transplant; years1 2.61 (2.4, 2.84) 2.4 (2.21, 2.6)
Body Mass Index (BMI)b 28.5 (27.8, 29.3) 29.1 (28.4, 29.9)
History of cardiovascular disease; % 15.6 (10.9, 20.3) 18.9 (14.4, 23.4)
Hypertension; % 90.8 (87.3, 94.3) 91.6 (88.2, 95)
Diabetes; % 36.8 (30.7, 42.9) 42.0 (36.2, 47.8)
Estimated GFR1 45.0 (42.9, 47.2) 45.6 (43.5, 47.7)
tHcy; umol/L1 16.8 (16.2, 17.4) 16.5 (15.9, 17.0)
Vitamin B12; pg/ml1 511 (478, 548) 546 (512, 583)
<148 pmol/L; % 0.4 (-0.4, 1.2) 0.4 (-0.4, 1.2)
Folate; ng/ml1 15.9 (14.7, 17.2) 15.4 (14.4, 16.7)
<5 ng/ml; % 0.4 (-0.4, 1.2) 0.4 (-0.4, 1.2)
Vitamin B6; nmol/L1 36.1 (32.9, 39.5) 34.7 (31.7, 37.9)
<30 nmol/L; % 43.4 (37, 49.8) 45.8 (39.6, 52)
Time on treatment prior to final testing session; years 3.3 (3.1, 3.4) 3.4 (3.2, 3.5)
Number of times tested 2.1 (1.9, 2.2) 2 (1.9, 2.2)
1. geometric means and 95% CI; no statistically significant between group differences
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Results

Cohort description

584 participants were enrolled and followed annually 
for up to 5.5 years. Figure 1 shows the enrollment and 
analysis numbers for the study. Only participants who 
had at least one testing session at least 6 months after 
the start of their FAVORIT study intervention and no 
missing covariates were included in analyses. Table 2 
presents a summary of the participant descriptive data by 
treatment group.  There were no statistically significant 
differences in baseline characteristics between treatment 
arms. Overall, participants were predominantly male 
(63%) and white (78%), with a mean age of 52.7 years. 
They were well educated, with many having attended 
college (60.1%). In addition to elevated tHcy which was 
selected for by design, the prevalence of other risk factors 
for cognitive impairment was high: Approximately 
17% had a prior history of cardiovascular disease; 91% 
had been diagnosed with hypertension and 40% with 
diabetes. Mean baseline plasma tHcy was 16.6 µmol/L. 
Less than 1% of participants had deficient plasma folate < 
4 ng/ml (38) or vitamin B12 < 148 pmol/L (39). However, 
44.6%  had evidence of vitamin B6 deficiency with plasma 
concentrations < 30 nmol/L (40, 41). 

Effect of treatment on tHcy

Circulating tHcy decreased significantly in both the 
treatment and control groups from samples taken at 
screening before the intervention began to those taken 
one year after the start of intervention. The decrease 
in tHcy was greater for the treatment group (mean 
difference = 6.0 µmol/L, s.e. = ±0.61, p<0.0001) than for 
the control group (mean difference = 1.5 µmol/L, s.e. = 

±0.63; p≤0.0001). Although B-vitamin supplementation 
was efficacious in lowering tHcy on average, it failed to 
normalize tHcy for a large proportion of subjects: 48.5% 
of the treatment group and 85.1% of the control group 
remained above the cut-points of >12µmol/L for men, 
and >11µmol/L for women. 

Cognitive Function

Table 3 gives the cross-sectional adjusted test scores 
at the end-of-trial, by treatment group.  The high-dose 
vitamin group performed significantly better than the 
control group on the Digit Symbol Test (52.2 vs. 49.6 
p=0.05) and Word List Delayed Recall (7.2 vs. 6.7; p≤0.05). 
Scores for the other tests and for the CES-D did not differ 
by group. Cognitive impairment at the end of the trial 
was common in this kidney-transplant study-population 
as compared to age-appropriate normative data for the 
healthy population (Table 4).  At the end of the trial, 
there was a trend (P=0.06) for a smaller proportion of 
the B vitamin group (56.4%) to show overall cognitive 
impairment than the placebo group (64.6%). This was 
significant in the test related to processing speed and 
attention (31.6% versus 43.9% impaired on the Digit 
Symbol Substitution test; p=0.004).

Table 3. End-of-trial cross-sectional analyses cognitive 
testing data

Adjusted Means (95% confidence intervals)

 Treatment 
(n=250)

Control 
(n=274)

P-value

Word List 
Immediate Recall

32.0 (30.6, 33.5) 31.5 (30.0, 33.0) 0.30

Word List Delayed 
Recall

7.2 (6.6, 7.8) 6.7 (6.1, 7.4) 0.04

Trails A* 39.1 (35.6, 42.8) 40.4 (36.8, 44.4) 0.30

Trails B* 96.33 (86.8, 106.9) 98.0 (88.2, 108.9) 0.64

Digit Symbol 52.2 (48.4, 56.1) 49.6 (45.7, 53.5) 0.05

Block Design 32.0 (29.4, 34.5) 31.4 (28.8,34.0) 0.51

CES-D** 8.96 (7.13, 11.19 8.93 (7.09, 11.20) 0.97
Adjusted for age at baseline, sex, race, education,  hypertension at baseline, 
diabetes at baseline, eGFR, time on treatment, number of testing time-points, 
and FAVORIT site (for North American cohort); *Models for Trails A and 
B used Tobit regression to censor for failure to complete the task within the 
allotted 5 minutes (Tobin, 1958) ** Geometric means and 95% confidence 
intervals are presented.

Cognitive Decline

Longitudinal analysis of change in cognition by 
treatment group was performed for those 131 participants 
whose initial face-to-face cognitive test was administered 
prior to the start of their FAVORIT treatment, and who 
had follow-up cognitive data for a time-point that was 
a year or later than the start of their treatment (Table 
5). Contrary to our prediction and despite the high 

Figure 1.  FACT enrollment, follow-up and analysis 
flow-chart
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prevalence of cerebrovascular risk factors in this cohort 
(e.g. diabetes, hypertension and hyperhomocysteinemia), 
we did not observe cognitive decline in this cohort. 
Indeed the treatment group improved significantly on the 
Digit Symbol Substitution test compared to the control 
group (Mean change 2.2 vs. 0.1 respectively, p=0.03; Table 
5).  The change in other tests did not differ by group nor 
was any association found between the magnitude of 
change in tHcy and the change in any tests of cognitive 
function (data not shown).

Table 4.  Percentage of participants impaired at end of 
trial 
Cognitive Test Treatment 

(n=250)
Control 
(n=274)

Chi-Square 
P-value

Word List - Immediate 
Recall 1

16.5 16.8 0.92

Word List – Delayed Recall 1 2.4 2.6 0.91

Trails A2 28.5 31.4 0.47

Trails B2 30.7 33.5 0.49

Digit Symbol3 31.6 43.9 0.004

Block Design3 8.0 7.7 0.89

Any impairment 56.4 64.6 0.06
Normative data are from 1. (35); 2. (37); 3. (36); Impairment was defined as a 
score ≥ 1 standard deviation below age 1,3 or age, sex, and education 2 specific 
normative mean scores.

Table 5. Longitudinal change in cognitive scores*
Cognitive Test Treatment

(n=60)
Control
(n=71)

P-value

Word List 
Immediate Recall

2.3 (0.9, 3.7)        2.6 (1.1, 4.0) 0.22

Word List Delayed 
Recall

0.1 (-0.5, 0.7) 0.1 (-0.5, 0.8 0.88

Trails A 0.6 (-5.4, 6.6 -1.2 (-7.5, 5.1 0.21

Trails B -11.5 (-23.3, 0.3)    -14.1 (-26.5, -1.6)    0.37

Digit Symbol 2.2 (-1.7, 6.1)       0.1 (-4.0, 4.2 0.03

Block Design -0.5 (-2.1, 1.2)      0.1 (-1.6, 1.8) 0.15
* ((last test – baseline test)/years between tests); adjusted for age at baseline, 
sex, race, education, hypertension at baseline, diabetes at baseline, eGFR, 
time on treatment, number of testing time-points, FAVORIT site, and baseline 
cognitive score.  Mean follow up (95%CI): Treatment, 3.3 years (3.1, 3.5); 
Control, 3.2 years (3.0, 3.4); P > 0.05.

Effect Modification by B-vitamin status

Since nearly all participants had sufficient baseline 
vitamin B12 and folate concentrations and all had 
elevated tHcy, median splits were used to designate 
high and low status for tHcy and folate, and a cut-point 
of <350 pg/ml was used for vitamin B12. A cut-point of 
<30 nmol/L was considered indicative of Vitamin B6 
insufficiency (40, 41).  No interaction between baseline 
plasma concentrations and treatment efficacy for folate, 
vitamin B12, vitamin B6, or tHcy was found (data not 

shown). In addition, participants in the treatment group 
whose plasma tHcy concentrations were lowered below 
target (<12µmol/L for men, and <11µmol/L for women) 
did not have better end-of-trial cognitive performance 
than did the high-dose participants whose tHcy was not 
lowered below target concentrations (data not shown).

 
Discussion

Among prevalent kidney transplant patients, a 
population with high tHcy levels and at high risk of 
cognitive impairment, high dose B-vitamin therapy to 
lower tHcy had a modest but statistically significant 
beneficial effect on cognitive function.  With 548 
participants from 18 centers in the US and Canada, 
this ancillary study to the FAVORIT trial is one of the 
largest trials assessing whether B-vitamin therapy to 
lower tHcy benefits cognitive function. It is also the 
largest longitudinal study of cognitive function in kidney 
transplant recipients to date.  

The selective improvement in episodic memory, 
attention and processing speed among treated patients 
is noteworthy. By apriori design, we selected tests 
that reflect discrete aspects of cognitive function and 
analyzed the effect of treatment on each one. We did 
so because the different aspects of cognition that are 
probed by each test  have shown different associations 
with homocysteine and each of the three B-vitamins, 
suggesting that different mechanisms might link these 
biomarkers to specific impairments in the context of 
different neurological conditions (eg. (2, 6, 42-49)).  
Here, as demonstrated by the percent impaired on the 
different cognitive tests, we found that the predominant 
cognitive impairment among kidney transplant recipients 
was on tests of executive function (Trails A&B), and 
processing speed and attention (Digit Symbol Coding), 
whereas memory was affected to a lesser extent. This 
pattern of impairment is frequently seen in other cohorts 
with kidney disease (23, 24), and is reminiscent of 
Vascular Cognitive Impairment (50).  The longitudinal 
improvement in processing speed and attention (Digit 
Symbol Coding) among those who received high-dose 
B-vitamin therapy is similar to the improvement in 
processing speed and memory in the treatment arm of 
the FACIT trial (18). Such an effect would be consistent 
with the prevention of cortical damage by B-vitamin 
therapy as observed in the VITACOG trial (20), and 
in a similar recent intervention (51, 52), and which is 
associated with decline in  executive function as recently 
described by Zhang (53). Our findings suggest that 
these aspects of cognitive impairment might be partially 
reversible among kidney transplant recipients, and that 
at least attention and processing speed be amenable to 
further improvement through vitamin therapy.  Thus in 
contrast to the controversial  inference drawn from meta-
analyses  that B-vitamins do not benefit cognition (8-11), 
our findings provide evidence that B-vitamin therapy to 
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lower tHcy can also have measurable cognitive benefit, 
if not for all populations, then at least in some clinically 
important conditions.  

Although B-vitamin treatment significantly improved 
cognition in our cohort, the effect was modest, limited 
to specific domains, and its clinical implications remain 
undefined. Our cohort was selected for elevated plasma 
tHcy concentrations without regard for B-vitamin 
sufficiency and our primary objective was to determine 
whether an intervention with high-dose B-vitamins to 
lower tHcy would also benefit cognition as compared 
to placebo. The failure to normalize tHcy in nearly half 
of the treatment group, and the smaller but significant 
reduction in tHcy in the placebo group may have 
weakened any tHcy-related cognitive effects of treatment.  
In a randomized controlled trial of tHcy-lowering in 
individuals with MCI, de Jaeger and colleagues (19)
found a significant benefit of B-vitamin treatment among 
participants with baseline tHcy above 11.3 micromol/L 
(the median for their study) in global cognitive function, 
episodic memory, and verbal fluency. It is possible the 
present study showed a smaller benefit from B-vitamin 
treatment because tHcy was not sufficiently lowered; 
however, in a subgroup analysis of our trial, participants 
whose tHcy concentrations were lowered “to target” 
did not have better cognitive function at follow-up than 
those whose plasma tHcy remained above this level (i.e. 
the study entry criteria of 12 µmol/L for men and 11 
µmol/L for women).  Moreover, the degree of reduction 
in tHcy on treatment was not related to the extent of 
change in cognitive function in the subset of participants 
for whom these data were available. It is important to 
note, however, that almost none of the participants in 
this study were insufficient in folate or vitamin B12.  
It is possible that if this population had had a greater 
prevalence of folate and vitamin B12 deficiency, we 
would have observed a stronger response to treatment.  

The strengths of our study include the double blind, 
placebo-controlled randomized trial design, carried out 
in a large, well-defined, patient population from multiple 
clinical centers; the relatively long mean follow-up, and 
the detailed neuropsychological testing.  Consistent 
with the results of other studies of cognition in kidney 
transplant recipients (54), we found a high prevalence 
of cognitive impairment in our cohort both at baseline 
(29) and follow-up. Contrary to our prediction, however, 
cognition did not decline significantly over the course 
of the study in either study arm. The lack of decline 
may reflect the lower than expected rate of incident and 
recurrent cardiovascular events in the FAVORIT parent 
trial population (30), suggesting potential selection bias 
in the trial population for  better health and/or clinical-
care than is typical for the general population of kidney 
transplant recipients.  

The lower than expected event-rate may be one reason 
that the parent FAVORIT trial failed to show efficacy for 
the primary cardiovascular endpoints (30). Nevertheless, 

we found modest but statistically significant cognitive 
improvement and benefit of B-vitamin treatment 
cognitive tests relating to executive function and short-
term verbal memory.  The results may be limited by the 
fact that the control group also received a multi-vitamin 
containing vitamins B12 and B6 (but not folic acid), 
albeit at a much lower dose. Our finding that high dose 
B-vitamin treatment benefited these cognitive outcomes 
despite a null finding on the primary cardiovascular 
end-point is reminiscent of the results of the FACIT trial 
(Folic Acid for Carotid Intima Thickness), where folic 
acid treatment improved cognition compared to control, 
despite no difference between treatment and control for 
the trial’s primary cardiovascular outcome (18). 

A second limitation of the study is that we had 
relatively few participants for whom we were 
able to administer baseline cognitive testing prior to 
randomization into the parent trial and initiation of the 
intervention. This limited our analyses to primarily cross-
sectional end-of-trial group comparisons rather than 
comparison of change scores. We did include, however, 
longitudinal analyses in the 131 participants for whom 
these data were available.

Other  considerat ions  arguably  restr ic t  the 
generalizability of our findings to other populations. 
For example, the average age in our cohort was younger 
than in most studies linking tHcy to cognitive decline.  
This might have contributed to the fact that we did not 
observe the cognitive decline that is associated with 
hyperhomocysteinemia in older populations (55).  
Furthermore, kidney transplant recipients can carry 
a considerable burden of preexisting and potentially 
irreversible neurological damage related to their prior 
end stage renal disease (ESRD), previous effects of 
dialysis, and current immunosuppressive medication, 
and persistent morbidity such as hypertension and 
diabetes. Although cognitive performance typically 
improves after transplantation, persisting cognitive 
impairment is common (54, 56-58). While relatively 
subtle, an impairment of 1 or more standard deviations 
below the norm of any cognitive test can be considered 
to be clinically meaningful and may increase the risk 
of further deterioration over time. The observation of a 
modest improvement in the treatment arm against this 
background of pre-existing cognitive impairment and 
co-morbidity, suggests there may be room for further 
improvement in this patient population. 

In conclusion, high-dose B-vitamin supplementation 
provided modest benefit for some cognitive functions 
in our cohort of kidney transplant recipients. While 
cognitive impairment was common among our 
participants, progressive decline was unexpectedly rare 
over the course of the study. This may have limited 
our ability to evaluate the effects of tHcy lowering on 
cognition  more fully. It is possible that chronically high 
tHcy is a risk factor for cerebrovascular pathology and 
cognitive impairment, but that damage from long-term 
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exposure is difficult to reverse. This may be especially 
relevant to our participants since plasma tHcy is 
significantly elevated in patients with chronic kidney 
disease. The question of potential cognitive benefits 
of B-vitamin therapy in individuals with inadequate 
B-vitamin status remains open and highlights the need to 
identify other metabolic derangements that determine the 
extent of cognitive benefit under B-vitamin therapy.  
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