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Abstract

Objective—Hyperhomocysteinemia and B-vitamin deficiency may be treatable risk factors for
cognitive impairment and decline. Hyperhomocysteinemia, cognitive impairment and depression
all are common in individuals with kidney disease, including kidney transplant recipient.
Accordingly, we assessed the prevalence of cognitive impairment and depressive symptoms in
transplant recipients and their association with kidney function, plasma total homocysteine (tHcy)
and B-vitamin concentrations.
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Setting—Cross sectional analysis of baseline data from the FAVORIT Ancillary Cognitive Trial,
which included 183 participants in FAVORIT who underwent detailed neuropsychological
assessment prior to the study intervention.

Results—The mean age was 54.0 £ 9.5 yrs (range 7-386 months). Men comprised 55.2% of the
cohort and the mean time between the current transplant and cognitive testing was 7.0 + 5.8 yrs.
24% of participants reported neurological or psychiatric complaints and 30% exhibited symptoms
of mild to severe depression. Testing revealed evidence of significant and selective deficits in this
population: 33% performed more than 1 SD below normed means on a memory test, 58% fell
lower than 1 SD below the norms on a test of attention and mental processing speed, and 33-42%
fell lower than 1 SD below the norms on several tests of executive function. Lower estimated
glomerular filtration rate and lower folate were associated with poorer performance on tests of
memory and executive function.

Conclusions—These observations confirm previous reports of mood and cognitive impairments
in adult kidney transplant recipients. Further research is needed to determine the benefit of B-
vitamin supplementation and other interventions in this patient population.
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INTRODUCTION

In the general population, mild elevations of plasma total homocysteine (tHcy) are
associated with cognitive impairment and increased risk of incident dementia [1-4]. These
associations are hypothesized to reflect homocysteine-induced cerebrovascular damage or
the inhibition of B-vitamin-dependent methylation activity in the brain [5-7].

Kidney transplant recipients are a unique population in which to assess the relationship
between hyperhomocysteinemia, B-vitamin levels and cognitive function. This reflects the
high prevalence of hyperhomocysteinemia in individuals with chronic kidney disease (CKD)
as well as the favorable long term prognosis of most kidney transplant recipients that
requires greater clinical emphasis on diagnosis and management chronic diseases like
dementia. Elevations of tHcy in kidney transplant recipients are often in the range associated
with increased risk of cerebrovascular disease and cognitive decline in the general
population [8]. It is uncertain why hyperhomocysteinemia is such a prominent feature of
CKD. Following transplant, homocysteine levels are typically lowered although not
normalized, and they can be further lowered through high-dose B-vitamin therapy [9]. The
association among tHcy, B-vitamin status and cognitive function in the transplant population
remains unknown.

Cardiovascular disease is a major source of morbidity and the most common cause of death
following kidney transplantation, with event rates two to four-fold higher than expected
based on population estimates [10, 11]. Theoretically, elevated tHcy may account for some
of the increased cardiovascular disease risk in this population [12], and, until recently, was
an attractive potential target of therapeutic interventions to reduce the cardiovascular disease
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burden in CKD patients, given that hyperhomocysteinemia typically responds to high-dose
B-vitamin therapy. While the past decade has witnessed large clinical trials of B-vitamin
therapy to reduce cardiovascular disease and mortality in individuals with CKD, these have
largely been disappointing [13, 14]. Similar trials in the general population have also
demonstrated no significant impact of B-vitamin therapy on cardiovascular disease and all-
cause mortality, despite significant lowering of tHcy associated with B-vitamin therapy [15].
However, with respect to neurocognitive outcomes, some trials have yielded evidence of
beneficial effects of B-vitamin therapy for cognition and prevention of brain atrophy [16-
18]. Thus, at a minimum, tHcy remains an attractive biomarker for cardiovascular and
cerebrovascular risk and, potentially, it may remain a target for prevention, albeit requiring
the identification of individuals most likely to benefit from B-vitamin therapy [19, 20] or the
use of non-vitamin based strategies in individuals at risk.

The Folic Acid for Vascular Outcome Reduction in Transplantation (FAVORIT, NIH
NIDDK UO1 DK61700) is a randomized, double blinded, controlled trial that tests the
hypothesis that treatment with B-vitamin therapy to lower tHcy will reduce the rate of CVD
outcomes in stable kidney transplant recipients [9]. The FAVORIT Ancillary Cognitive
Trial (FACT-R01 DK65114) was conducted on a subset of the FAVORIT study population
to prospectively determine whether there was an effect of B-vitamin therapy to lower
homocysteine on cognition. In the current study, we describe the relationship of baseline
tHcy levels and B-vitamin levels to cognitive function, including depressive symptoms, in
183 FACT participants who were evaluated upon randomization into FAVORIT.

PARTICIPANTS AND METHODS

Study Population

The FAVORIT trial, a multicenter, randomized, double-blind controlled clinical trial among
clinically stable kidney transplant recipients who have mild to moderately elevated tHcy
levels, was designed to determine whether lowering tHcy with high-dose B-vitamin
treatment reduces the pooled occurrence of recurrent and de novo non-fatal and fatal
arteriosclerotic outcomes, including coronary heart, cerebrovascular, and peripheral vascular
disease events [9]. Detailed methods and baseline characteristics have been published
elsewhere [9, 21]. Eligible volunteers were 35 to 75 years old and were required to have a
functioning kidney allograft of at least 6-months, mildly elevated screening random/non-
fasting tHcy level (=12 pumol/L for men and =11 pmol/L for women), and estimated
creatinine clearance (Ccr) =30 mL/min derived with the Cockroft-Gault equation [22]. After
July 2005, the Ccr eligibility criterion was decreased to =25 mL/min in women.

FACT is a longitudinal ancillary to FAVORIT to determine whether there is an effect of B-
vitamin treatment on cognitive performance. The study was implemented at 20 of the 30
sites in FAVORIT with a recruitment goal of at least 1000 FAVORIT participants (appendix
A). As the initiation of FAVORIT predated the initiation of FACT by more than a year,
FAVORIT participants were eligible for FACT at either the time of randomization or the
time of an annual follow-up visit. The only exclusion criteria for FACT were visual or
hearing impairment substantial enough to hinder performance on cognitive testing. The
FACT protocol was approved by the Tufts Medical Center Institutional Review Board and
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by the Institutional Review Boards at each participating study site. Of 1349 participants who
enrolled in FACT, 195 enrolled in FACT at the time of FAVORIT randomization, and 183
of these underwent in-person cognitive testing. These participants comprise the baseline
group for this analysis.

Demographic and Laboratory Data Ascertainment

Most demographic and clinical data were ascertained from FAVORIT study materials.
Additional, self-reported demographic variables were collected for FACT, including years
of formal education; past or present neurological symptoms that may be associated with
decreased kidney function; and use of psychotropic and antidepressant medication. Archived
baseline blood was available for biochemical assays of 171 of the 183 subjects who
underwent cognitive testing at baseline. tHcy (N=169) was measured by high-performance
liquid chromatography (HPLC) [23]. Serum creatinine (N=171) was determined by a kinetic
adaptation of the Jaffe reaction on a Cobas Mira Analyzer, Roche Diagnostic Systems, Inc.,
Indianapolis, IN, with estimated glomerular filtration rate (eGFR) calculated using the 4-
variable Modification of Diet in Renal Disease Study (MDRD) equation based on serum
creatinine assays before calibration to isotope dilution mass spectrometry [24]. Folate and
B12 (N=171) were measured using the Quantaphase Il radioassay kit (Bio-Rad Laboratories,
Hercules, CA). Pyridoxal 5’-phosphate (vitamin B6; N=170) was determined by the tyrosine
decarboxylase apoenzyme method [25].

Cognitive testing

A battery of well-validated neuropsychological tests was administered in person during
participants’ FAVORIT clinic visits. These tests were selected to evaluate multiple domains
of cognition and mood, including memory, executive function, processing speed and
depression [26—-28]. 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. The cognitive battery
is presented in Table 1. Raw test scores were converted to age and sex-adjusted scaled
scores (age, sex and education-adjusted T-scores for the Trail Making tests) to facilitate
comparison with published population based norms. As cognitive impairment is often
associated with disorders of mood, depressive symptoms were evaluated using the Center for
Epidemiological Studies Depression Scale (CES-D) questionnaire, a common non-
diagnostic screening tool that gauges the severity of self-reported symptoms of depression
during the week before testing. In general population samples, a score of less than 16 is not
consistent with depression, while a score of 16 to 21 indicates potential mild to moderate
depression, and a score of 22 or greater is potentially consistent with major depression [29].

Statistical analyses

All variables were checked for normalcy, and skewed variables including folate and tHcy
were log transformed. Raw cognitive test scores were converted to age-adjusted scaled-
scores for the Word List Learning, Block Design and Digit Symbol tests, and were
converted to age, sex and education adjusted t-scores for the Trails Making tests.
Impairment was defined by scores more than one standard deviation below the norm [30].
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The significance of divergence between the observed and expected distribution of cognitive
scores was determined by a one-sided one-sample binomial test and effect size was
calculated by Cohen’s d [31].

Cross sectional baseline associations between between cognitive scores and tHcy, B-
vitamins, and kidney function were calculated in 3 models using simple and partial
correlation coefficients for tHcy and B-vitamins adjusting for age, sex, and education, as
well as eGFR. For memory scores where score distributions indicated possible ceiling
effects, the analyses were confirmed by TOBIT and Logistic regression. To avoid
collinearity, we did not include B-vitamins in models where tHcy was the predictor, and
vice versa. Analyses were performed with SPSS version 15.0 (SPSS, Inc., Chicago, IL) and
SAS version 9.1.3 (SAS|nstitute Inc, Cary, NC).

RESULTS

There were 183 FACT participants who underwent cognitive assessment at the time of
randomization in FAVORIT, 13 of whom had undergone more than one kidney transplant.
The mean time between the current transplant and cognitive testing was 7.X + 5.8 years
(range 7 — 386 months) The mean age of FACT participants was 54.0 = 9.5 years; men
comprised 55.2% of the cohort and 27% were African American and 69.7% were Caucasian.
Overall, participants in this cohort were well-educated: 72.7% reported that they obtained
some advanced education beyond high school; 21.3% hold a bachelor or associate degree
and 8.2% hold a graduate or professional degree. The prevalence of diabetes was 41%, and
the prevalence of cardiovascular disease was 17.5% including 6.6% with a history of stroke
(Table 2). These data are similar to baseline data in FAVORIT participants not initially
participating in FACT [21]. Baseline plasma tHcy concentrations were mildly elevated, with
a mean of 15.4 £ 5.5 umol/L and range of 7.7-39.3 umol/L, and baseline GFR was 49.6 +
20.2 mL/min/1.73m2. Plasma tHcy was highly correlated with creatinine with eGFR (r = —
0.47, P <0.001). In contrast, plasma tHcy was weakly correlated with vitamin B12 (r= -
0.17, P =0.03), and was not correlated with either folate or vitamin B6 (Table 3).

Mean estimated pre-morbid intelligence was slightly above average, with a Verbal 1Q score
of 104.3 £ 12.6. Approximately one out of four subjects reported one or more of the
neurological or psychiatric conditions listed in Table 4. A self-report of any current
condition was associated with significantly higher Verbal 1Q scores (109.7 + 9.1 vs. 102.6 +
13.0, P <0.05) but not with worse cognitive function. Notably, self-reported memory lapses
were not predictive of performance on the Word List Learning test.

Neuropsychiatric testing revealed evidence of significant deficits and substantial depressive
symptoms in this population. These selectively affected specific cognitive domains. There
was poor encoding of new information (immediate recall on the Word List Learning test)
but normal retention of information that was learned (percent retention on the word learning
list). In addition, the Digit Symbol Coding and Trail Making tests revealed significant
psychomotor slowing and executive dysfunction. In contrast, performance on the Block
Design test showed that visuospatial organization was not affected (Table 5). In a normal
population, 15.8% of individuals would perform at 1 standard deviation (SD) or more below

J Ren Nutr. Author manuscript; available in PMC 2015 April 27.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Troen et al.

Page 6

the norm. In this population we find that 33% of subjects perform below the 1 SD cutoff for
Word List Learning immediate recall, 58% perform below this cutoff on the Digit Symbol
test, and 42% and 33% are below the cutoff for Trails A&B respectively. These deficits are
all the more striking given that verbal 1Q, retention of information and visuospatial
organization were all at expected levels or better (Table 5). In keeping with the prevalence
of self-reported depression (9.3%), the CES-D questionnaire revealed a high prevalence of
frequent depressive symptoms. 18.6% of all subjects were classified as mildly depressed

( 16<=CES-D <22), and 11.3% as severely depressed (CES-D >=22). Self-reported
depression was associated with significantly higher CES-D scores (19.0 + 11.4 vs. 11.1 +
8.2, P <0.01) but not with any other cognitive outcome.

Homocysteine was not significantly associated with any cognitive measure. However it is
notable that the correlation of homocysteine with executive function (Trails B) changed
from r=0.02 in model 2 to r=0.16 in model 3 when eGFR was adjusted for in addition to age,
sex and education (Table 6). Higher blood folate concentration was associated with better
memory scores (percent retention, r=0.20; Recognition; r=0.19; P <0.05) and with better
executive function (Trails B; r=-0.21, P <0.05) after adjusting age, sex, education and
eGFR. Worse kidney function was also associated with worse executive function (Trails B;
r=0.25, P <0.01).

DISCUSSION

Cognition and depression in adult kidney transplant recipients has received scant attention in
the literature. Nevertheless, there is evidence to suggest that the cognitive risks that are
associated with chronic kidney disease [32] will also apply to transplant recipients who
typically have at least a moderate degree of kidney function impairment. In the
Cardiovascular Health Study which evaluated an elderly community-based cohort, moderate
kidney function impairment at baseline (defined as serum creatinine =1.5 mg/dL for men
and =1.3 mg/dL for women) in subjects otherwise reporting good to excellent health was
associated with significantly greater risk of incident vascular but not Alzheimer’s type
dementia over mean follow up period of six years [33]. In the current study, mean creatinine
levels for both men and women (Table 2) are even higher than those predictive of risk in the
Cardiovascular Health Study, suggesting that this population of kidney transplant recipients
may be at similar risk for progressive cognitive decline. Recent baseline findings in the
Atherosclerosis and Folic Acid Supplementation Trial (ASFAST) show that the carotid
stenosis and pulse wave velocity may be increased in chronic renal disease to an extent
generally seen in individuals 10-15 years older [34]. Although, the ASFAST study did not
assess cognition, such accelerated carotid aging is predictive of cognitive decline [35]. More
recently, a cross sectional study in 23,405 participants (mean age, 64.9 +/- 9.6 years) of the
REasons for Geographic And Racial Differences in Stroke (REGARDS) Study reported an
11% increase in the prevalence of cognitive impairment for every 10 mL/min/1.73 m?
decrease in eGFR below than 60 mL/min/1.73 m? [36]. The majority of our population falls
below this range (Table 2).

Consistent with this prediction, our baseline findings indicate that kidney transplant
recipients experience functionally significant, but selective, decrements in cognitive
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function. Executive function (Trails tests) and mental processing speed and attention (Digit
Symbol Coding) are particularly affected while other cognitive domains such as memory
may be relatively spared. Although these cognitive domains are not strictly independent,
selective impairments in attention and processing speed on the Digit Symbol Coding and the
Trails tests are often associated with subcortical cerebrovascular lesions [26, 37] whereas
memory impairment tends to be more closely associated with cortical and medial temporal
lesions [38, 39]. In some cases, depression may also have a cerebrovascular origin [5, 40].
Thus, the observed pattern of deficits and depression in this population is consistent with
incipient cerebrovascular disease. Indeed, at 6.6%, the prevalence of cerebrovascular disease
in this cohort is considerably higher than a population-based expected value of 0.6% [41].
Such cerebrovascular disease is likely to manifest with subtle and progressive cognitive
impairments [37].

Our findings of cognitive impairment in this baseline subset of the FACT cohort represent
the largest study to date of cognition in adult kidney transplant recipients. Comparable
published data are limited. Gelb et al., (2008) assessed cognition in 42 kidney transplant
recipients, 45 outpatients with pre-dialysis CKD and 49 healthy controls and found
significantly worse verbal learning and memory among transplant and CKD patients in
comparison to controls. They also found a non-significant decrement in the Trails test of the
same magnitude as in our study; however they were underpowered to detect statistical
significance [42]. Although we too found cognitive impairment in transplant recipients and a
similar pattern of executive dysfunction, verbal learning and memory were unimpaired in
our cohort. Griva et al. (2004) evaluated cognition in 117 British kidney transplant
recipients and 145 hemodialysis patients and compared their performance with normative
reference data [30]. In their study, the mean age for transplant recipients in the of 50.3 +
12.3 years was 6 years younger than in the present study with a similar sex ratio of 59.8%
male to 40.2% female. Educational achievement was slightly lower (11.2 £+ 3.8 years), with
longer duration of dialysis before transplantation (2.6 + 2.7 years) and a similar duration of
transplant (8.6 + 6.6 years). Similar neuropsychological tests were administered including
the digit symbol-coding and trails tests, while the Rey auditory verbal learning test
(RAVLT) and the grooved pegboard tests were used instead of the word list and block
design tests. Griva et al. found transplant recipients to have considerably better cognition
compared to hemodyalisis patients suggesting that transplantation can partially reverse the
deficits that are associated with renal insufficiency. However, while performance on the
Trails A and B, Digit Symbol Coding and RAVLT among transplant recipients was close to
the norm, performance was 0.55-0.77 standard deviations below the norm on the Grooved
Pegboard tests. That the overall cognitive deficits were milder when compared to ours might
be due in part to the comparatively lower mean age and education in Griva et al.’s study.
Moreover, while the authors concluded that their cohort was unimpaired, their focus was on
the improvement in transplantation vs. hemodialysis, and their relatively stringent criterion
for impairment was an average decrement of 1 SD below the norm. By the same criterion,
we find that more subjects underperform than would be expected for a normal population,
particularly in view of our cohort’s above average verbal 1Q and memory function.
Although we cannot exclude the possibility that these deficits were present in the pre-morbid
condition, cognitive function is typically highly correlated across cognitive domains. It
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would therefore be unusual to observe such a discrepancy between domains in the absence
of an underlying pathology.

While relatively subtle, such impairments are clinically meaningful and carry risk of further
deterioration over time [43—-45]. The association of lower function in multiple cognitive
domains with lower folate but not with homocysteine is consistent with a mechanism
whereby folate affects cognitive function independently of homocysteine [46]. The lack of
association with homocysteine may be partly explained by the fact that homocysteine is
more closely related to kidney function than to B-vitamins in this population (Table 3). The
relation of kidney disease to cognitive function by other mechanisms may obscure that of
homocysteine to cognition [47].

Depression is another important issue in this population. Depression is prevalent in end-
stage renal disease [48] but the prevalence of depression in kidney transplant recipients with
functioning grafts is uncertain [49-52]. The high prevalence of depressive symptoms in this
cohort (18.6% mild and 11.3% severe) suggests that, although cognition may be partially
restored following transplantation, depression may be less amenable to correction by
transplantation [51]. The lack of correlation of depressive symptoms with eGFR, B-vitamins
or tHcy in this cohort is inconsistent with findings in the general population [53, 54].
Depression affects health outcomes in many chronic diseases. Thus further characterization
of depression and its causes in kidney transplant recipients will be important for treating and
improving quality of life in this population [50].

A limitation of the FACT study is that participants of the FAVORIT parent trial can decline
to volunteer for the ancillary cognitive study. This raises a potential concern of selection
bias, in that those who are worried about their cognition may be more likely to participate or
decline. Although we can not exclude this possibility, it is unlikely given that subjective
self-reported memory complaints did not correlate with memory or other cognitive scores on
neuropsychological testing. Moreover, the baseline characteristics of our baseline sample
were not different from the baseline characteristics of the parent trial [21].

FACT is designed to determine whether treatment with B-vitamins will benefit cognition
and mood in adult kidney transplant recipients, compared to treatment with placebo. Upon
completion of the study, FACT will also make it possible to examine additional
determinants of cognition and mood in this population. In conclusion, the cognitive
characteristics of this cohort suggest that close attention should be paid to cognition and
mood in caring for adult kidney transplant recipients, regardless of homocysteine levels.

Supplementary Material
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Neuropsychological Test Battery

Table 1

Page 12

Cognitive Test

Scoring

Test Details

Intelligence

North American Adult
Reading Test

128.7 - (0.89 * # of
pronunciation errors)

Estimation of verbal intelligence quotient that requires
subjects to read a list of 61 words out loud.

Supraspan Learning
& Word Recall

Immediate Recall

Total initially correct

Percent Retention

Percent recall after delay

Delayed Recognition

Number of correctly
identified words

Subjects attempt to memorize a list of 12 words read out
loud over 4 trials. After a delay of 25 to 35 minutes, percent
retention is the percentage of words correctly recalled
compared to immediate recall and delayed recognition is the
number of words correctly identified as familiar or non-
familiar from a list of 24.

Visual Construction
& Fluid Reasoning

Block Design

Number completed
weighted for time

Subjects are required to reproduce depicted patterns using a
set of colored blocks.

Attention, Mental
Processing Speed, &
Executive Function

Digit Symbol- Coding

Number of copied
symbols in 2 minutes

Symbols are decoded by matching a given symbol to a digit
provided in an answer key

Trail Making Test A

Time to Completion

“Connect-the-dots” for a consecutive number sequence from
1to 25.

Trail Making Test B

Time to Completion

“Connect-the-dots” alternating between numbers (1 to 13)
and letters (A to L) (ex: 1-A-2-B-3-C).

Mood

Center for
Epidemiological Studies
Depression Scale (CES-

D) questionnaire

Self-reported symptoms
of depression on a scale of
1-5

A total score of < 16 is not consistent with depression. A
score of 16 to 21 indicates potential mild to moderate
depression A score of >= 22 is potentially consistent with
major depression
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Table 2

Demographics and Study Parameters

N(%) 183 (100%)
Age at Exam (years) 54+95
Duration of current transplant (years) 7 +5.8
tHey (umol/L) 15.4+55
Creatinine (umol/L) 141.4+61.9
Folate (nmol/L) 41.2+£26.7
Vitamin B6 (nmol/L) 28.1+27.6
Vitamin B12 (pmol/L) 482 + 364
eGFR (mL/min/1.73m?) 49.6 +20.2
Stage 1 CKD / eGFR 90+ (%) 4.7%

Stage 2 CKD / eGFR 60 — 89 (%) 19.4%
Stage 3 CKD / eGFR 30 — 59 (%) 60.0%
Stage 4 CKD / eGFR 15 — 29 (%) 15.9%
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Table 4

Self-Reported Neurological and Neuropsychiatric Conditions

Currently suffers from (self-reported): %

Depression
Neuropathy
Memory Lapses
Confusion
Other

One or more of the above

9.3
10.9
4.9
2.2
55
24.0
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