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ABSTRACT
Vitamin K is linked to cognitive function, but studies in individuals with chronic kidney disease (CKD), who are at risk for vitamin K insufficiency and
cognitive impairment, are lacking. The cross-sectional association of vitamin K status biomarkers with cognitive performance was evaluated
in ≥55-y-old adults with CKD (N = 714, 49% female, 44% black). A composite score of a cognitive performance test battery, calculated by
averaging the z scores of the individual tests, was the primary outcome. Vitamin K status was measured using plasma phylloquinone and
dephospho-uncarboxylated matrix Gla protein [(dp)ucMGP]. Participants with low plasma (dp)ucMGP, reflecting higher vitamin K status, had better
cognitive performance than those in the two higher (dp)ucMGP categories based on the composite outcome (P = 0.03), whereas it did not
significantly differ according to plasma phylloquinone categories (P = 0.08). Neither biomarker was significantly associated with performance on
individual tests (all P > 0.05). The importance of vitamin K to cognitive performance in adults with CKD remains to be clarified. Curr Dev Nutr
2022;6:nzac111.
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Introduction

Individuals with chronic kidney disease (CKD) are 35%–40% more
likely to experience cognitive decline and develop dementia (1). Even
mildly to moderately impaired kidney function has been associated with
faster declines in cognitive performance (2). Health-related quality of
life in adults with CKD is determined in part by their cognitive function

(3). Identifying strategies to preserve cognitive performance in CKD is
important to improve patient quality of life and reduce disease burden
(4, 5).

There is accumulating support for nutritional strategies to delay
the onset of cognitive impairment. One potential prevention strat-
egy involves vitamin K, an essential fat-soluble nutrient that primar-
ily functions as an enzymatic cofactor for γ -carboxylation in certain
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calcium-binding proteins, known as vitamin K–dependent (VKD) pro-
teins. Several VKD proteins are involved in brain aging, including Gas6
and protein S, which are expressed in the central nervous system, impli-
cated in neuroinflammation and neurodegeneration, and linked to cog-
nitive decline (6). In community-based studies of older adults, higher
vitamin K status has been associated with better cognitive performance
and less cognitive decline (7). However, studies focused on individu-
als with CKD, a group at heightened risk for low vitamin K status (8)
and cognitive impairment, are lacking. Therefore, we evaluated the as-
sociation of vitamin K status biomarkers with cognitive performance in
the Chronic Renal Insufficiency Cohort (CRIC), which is composed of
adults with moderate CKD.

Methods

Full details of the CRIC study design, recruitment, and human subjects’
protection have been described previously (9). The institutional review
boards of all participating centers approved the protocols, and all par-
ticipants provided informed consent. Vitamin K status biomarkers were
measured in 3402 CRIC participants. Of these, 794 participated in the
CRIC Cognitive study beginning in 2006 (10). CRIC Cognitive partic-
ipants were all ≥55 y old at baseline. After exclusion of 58 participants
who were taking the vitamin K antagonist anticoagulant warfarin and 23
who were missing pertinent covariate data, 714 participants were avail-
able for inclusion.

Vitamin K Status
Vitamin K status was assessed by measuring two biomarkers from fast-
ing samples obtained at the 12-mo visit as described (11). Plasma phyl-
loquinone (vitamin K1) is an indicator of overall vitamin K status, and
plasma dephospho-uncarboxylated matrix Gla protein [(dp)ucMGP] is
considered a functional measure of vitamin K status in tissues that use
matrix Gla protein (MGP). Higher plasma (dp)ucMGP reflects lower
vitamin K status.

Cognitive Performance
The following test battery was administered annually over 4 y (10):
Trails Making Tests A and B (12), Buschke Immediate and Delayed Re-
call (13), and Verbal Fluency and Boston Naming (14). Forty-four per-
cent of participants had their first test battery administered at the 12-mo
visit, when vitamin K status was measured, and 42% participants com-
pleted their first test battery within 2 y of the 12-mo visit. The remain-
ing 14% completed their first test battery 1 y before vitamin K status
was measured. Additionally, the Modified Mini-Mental State Examina-
tion (3MS), a test of global cognitive function with scores ranging 0–100
(15), was administered ≤10 times over 11 y. The first 3MS test was com-
pleted 1 y prior to the vitamin K status measurement, with subsequent
3MS tests administered annually or biannually.

Covariates
The following covariates were measured and/or defined as previously
described (11): age, sex, education, race and ethnicity, BMI, diabetes
(present/absent), hypertension (present/absent), cardiovascular disease
history (present/absent), use of any alcohol (yes/no), smoking his-
tory (dichotomized based on having smoked ≥100 cigarettes over the

lifetime), estimated glomerular filtration rate (eGFR), urine albumin,
systolic and diastolic blood pressure, and triglycerides. For participants
missing covariate data from the 12-mo visit, measurements from the
baseline or nearest clinic visit were used (n = 66 for triglycerides, 46 for
eGFR, 16 for BMI, 5 for blood pressure, 5 for alcohol use, and all urine
albumin measured at baseline).

Statistical Approach
Plasma phylloquinone was categorized as <0.50, 0.50–0.99, or
≥1.00 nmol/L based on the results of metabolic feeding studies, which
indicated that plasma phylloquinone concentrations are approximately
1.0 nmol/L when the vitamin K adequate intake is met (16, 17). Plasma
(dp)ucMGP was categorized as <300 (the assay’s lower detectable limit),
300–449, or ≥450 pmol/L [the median concentration among those with
detectable (dp)ucMGP] (11). Data-driven categories were used since a
threshold defining high (dp)ucMGP has not been established. These
categories are directly relevant only to the sample from which they were
derived.

Baseline characteristics were compared across plasma phylloqui-
none and (dp)ucMGP categories using analysis of variance or a chi-
square test. Cognitive test scores were transformed to z-scores using
the mean and standard deviation from the participants’ first assessment.
The z- scores for the timed Trails A and B tests were multiplied by –1,
so higher z-scores reflect better performance on all tests. A composite
cognition score was calculated by averaging the z-scores of the Trails
A and B, Buschke Immediate and Delayed Recall, and Verbal Fluency
and Boston Naming tests, and it served as the primary outcome of the
analysis (18). Individual test z-scores and 3MS scores were analyzed as
secondary outcomes. 3MS scores were transformed to improve normal-
ity by taking the negative of the natural log of 101 minus the 3MS score:
–1∗ln(101 – 3MS). Least squares means and 95% CIs were reported in
the original units of 3MS (100-point scale). Linear mixed models were
used to evaluate the association of vitamin K status with cognitive per-
formance. No interactions of test visit with the primary exposures were
detected (all test visit∗vitamin K status, P > 0.34), so these interac-
tions were not included in the final models and test visit was considered
a fixed effect. Additional covariates included age, sex, education, race
and ethnicity, BMI, diabetes, hypertension, cardiovascular disease his-
tory, alcohol use, smoking, eGFR, urine albumin, systolic and diastolic
blood pressure, and triglycerides. Analyses were conducted using SAS
version 9.4 (SAS Institute), and P < 0.05 was considered statistically
significant.

Results

Participants were 64 ± 6 y old (mean ± SD). Forty-nine percent were
female, and 44% self-identified as non-Hispanic black. Plasma phyllo-
quinone was positively associated with triglycerides, and 54% of par-
ticipants with plasma phylloquinone <0.50 nmol/L were non-Hispanic
black. Plasma (dp)ucMGP was positively associated with age, female
sex, and systolic blood pressure and was inversely associated with eGFR
and alcohol use (Table 1).

The change in cognitive performance over repeated follow-up tests
did not differ across plasma phylloquinone or (dp)ucMGP categories,
so the presented results are based on between-group comparisons

CURRENT DEVELOPMENTS IN NUTRITION



Vitamin K and cognitive function in CKD 3

TA
B

LE
1

P
ar

ti
ci

p
an

t
b

as
el

in
e

ch
ar

ac
te

ri
st

ic
s1

P
la

sm
a

p
hy

llo
q

ui
no

ne
,n

m
o

l/
L2

P
la

sm
a

(d
p

)u
cM

G
P,

p
m

o
l/

L2

O
ve

ra
ll

(N
=

71
4)

<
0.

50
(n

=
13

6)
0.

50
–0

.9
9

(n
=

23
0)

≥1
.0

0
(n

=
34

7)
P

va
lu

e
<

30
0

(n
=

32
6)

30
0–

44
9

(n
=

22
2)

≥4
50

(n
=

16
6)

P
va

lu
e

A
g

e,
y

64
±

6
64

±
6

64
±

5
64

±
6

0.
75

63
±

5
64

±
5

65
±

6
0.

01
Fe

m
al

e
35

0
(4

9)
65

(4
8)

12
2

(5
3)

16
2

(4
7)

0.
31

13
9

(4
3)

11
6

(5
2)

95
(5

7)
0.

00
5

Ra
ce

an
d

et
hn

ic
ity

N
on

-H
is

p
an

ic
w

hi
te

34
1

(4
8)

53
(3

9)
10

1
(4

4)
18

7
(5

4)
0.

00
07

15
2

(4
7)

11
8

(5
3)

71
(4

3)
0.

27
N

on
-H

is
p

an
ic

b
la

ck
31

1
(4

4)
74

(5
4)

11
3

(4
9)

12
3

(3
5)

14
5

(4
4)

89
(4

0)
77

(4
6)

O
th

er
62

(9
)

9
(7

)
16

(7
)

37
(1

1)
29

(9
)

15
(7

)
18

(1
1)

Ed
uc

at
io

n
Le

ss
th

an
hi

g
h

sc
ho

ol
11

0
(1

5)
28

(2
1)

34
(1

5)
47

(1
4)

0.
00

1
52

(1
6)

24
(1

1)
34

(2
0)

0.
00

8
H

ig
h

sc
ho

ol
g

ra
d

ua
te

13
9

(1
9)

28
(2

1)
51

(2
2)

60
(1

7)
58

(1
8)

46
(2

1)
35

(2
1)

So
m

e
co

lle
g

e
20

1
(2

8)
43

(3
2)

75
(3

3)
83

(2
4)

80
(2

5)
67

(3
0)

54
(3

3)
C

ol
le

g
e

g
ra

d
ua

te
or

m
or

e
26

4
(3

7)
37

(2
7)

70
(3

0)
15

7
(4

5)
13

6
(4

2)
85

(3
8)

43
(2

6)
B

M
I,

kg
/m

2

≤2
5

11
0

(1
5)

23
(1

7)
34

(1
5)

52
(1

5)
0.

72
50

(1
5)

37
(1

7)
23

(1
4)

0.
30

25
–2

9.
9

22
3

(3
1)

47
(3

5)
74

(3
2)

10
2

(2
9)

10
0

(3
1)

67
(3

0)
56

(3
4)

30
–3

9.
9

29
2

(4
1)

49
(3

6)
90

(3
9)

15
3

(4
4)

14
1

(4
3)

93
(4

2)
58

(3
5)

≥4
0

89
(1

2)
17

(1
3)

32
(1

4)
40

(1
2)

35
(1

1)
25

(1
1)

29
(1

7)
H

yp
er

te
ns

io
n

64
8

(9
1)

12
4

(9
1)

21
6

(9
4)

30
7

(8
8)

0.
09

29
0

(8
9)

20
0

(9
0)

15
8

(9
5)

0.
07

D
ia

b
et

es
36

0
(5

0)
75

(5
5)

11
1

(4
8)

17
3

(5
0)

0.
43

16
4

(5
0)

10
1

(4
5)

95
(5

7)
0.

07
Sm

ok
in

g
hi

st
or

y:
sm

ok
ed

≥1
00

ci
g

ar
et

te
s

in
lif

et
im

e
42

5
(6

0)
79

(5
8)

13
9

(6
0)

20
6

(5
9)

0.
91

19
8

(6
1)

12
4

(5
6)

10
3

(6
2)

0.
39

H
is

to
ry

of
C

V
D

27
3

(3
8)

57
(4

2)
85

(3
7)

13
1

(3
8)

0.
62

11
7

(3
6)

82
(3

7)
74

(4
5)

0.
15

U
se

of
an

y
al

co
ho

l
43

1
(6

0)
78

(5
7)

13
9

(6
0)

21
4

(6
2)

0.
68

21
6

(6
6)

13
6

(6
1)

79
(4

8)
0.

00
03

B
lo

od
p

re
ss

ur
e,

m
m

H
g

Sy
st

ol
ic

12
9

±
22

13
0

±
22

13
1

±
21

12
7

±
23

0.
21

12
7

±
21

12
9

±
21

13
3

±
24

0.
02

D
ia

st
ol

ic
68

±
12

68
±

13
69

±
12

68
±

12
0.

82
69

±
12

69
±

13
67

±
12

0.
41

eG
FR

,m
L/

m
in

/1
.7

3
m

2
43

±
16

44
±

15
40

±
15

44
±

16
0.

01
47

±
16

43
±

15
35

±
13

<
0.

00
01

U
rin

e
al

b
um

in
,m

g
/L

<
30

39
2

(5
5)

77
(5

7)
12

9
(5

6)
18

6
(5

4)
0.

25
19

0
(5

8)
12

7
(5

7)
75

(4
5)

0.
01

30
–2

99
19

8
(2

8)
38

(2
8)

53
(2

3)
10

6
(3

1)
84

(2
6)

65
(2

9)
49

(3
0)

≥3
00

12
4

(1
7)

21
(1

5)
48

(2
1)

55
(1

6)
52

(1
6)

30
(1

4)
42

(2
5)

Tr
ig

ly
ce

rid
es

,m
g

/d
L3

12
1

(8
8)

10
1

(6
0)

11
7

(6
8)

13
4

(1
12

)
<

0.
00

01
11

8
(8

4)
12

1
(8

6)
12

5
(1

09
)

0.
14

1
D

at
a

ar
e

re
p

or
te

d
as

m
ea

n
±

SD
or

n
(%

)u
nl

es
s

no
te

d
ot

he
rw

is
e.

P
va

lu
es

ar
e

b
as

ed
on

ch
i-s

q
ua

re
te

st
fo

rc
at

eg
or

ic
al

ou
tc

om
es

or
A

N
O

VA
fo

rc
on

tin
uo

us
ou

tc
om

es
,u

nl
es

s
in

d
ic

at
ed

ot
he

rw
is

e,
an

d
re

fle
ct

d
iff

er
en

ce
s

in
p

ar
tic

ip
an

t
b

as
el

in
e

ch
ar

ac
te

ris
tic

s
ac

ro
ss

ca
te

g
or

ie
s

of
p

la
sm

a
p

hy
llo

q
ui

no
ne

an
d

p
la

sm
a

(d
p

)u
cM

G
P.

C
V

D
,

ca
rd

io
va

sc
ul

ar
d

is
ea

se
;

(d
p

)u
cM

G
P,

d
ep

ho
sp

ho
-u

nc
ar

b
ox

yl
at

ed
m

at
rix

G
la

p
ro

te
in

;
eG

FR
,

es
tim

at
ed

g
lo

m
er

ul
ar

fil
tr

at
io

n
ra

te
.

2
O

ne
p

ar
tic

ip
an

t
d

id
no

t
ha

ve
p

la
sm

a
p

hy
llo

q
ui

no
ne

m
ea

su
re

m
en

t,
an

d
a

d
iff

er
en

t
p

ar
tic

ip
an

t
d

id
no

t
ha

ve
p

la
sm

a
(d

p
)u

cM
G

P
m

ea
su

re
m

en
t.

Th
er

ef
or

e,
al

th
ou

g
h

th
e

to
ta

ls
am

p
le

si
ze

is
71

4,
71

3
w

er
e

in
cl

ud
ed

in
th

e
an

al
ys

es
of

p
la

sm
a

p
hy

llo
q

ui
no

ne
an

d
71

3
in

th
e

an
al

ys
es

of
p

la
sm

a
(d

p
)u

cM
G

P.
3
M

ed
ia

n
(IQ

R)
.P

va
lu

e
b

as
ed

on
K

ru
sk

al
–W

al
lis

te
st

.

CURRENT DEVELOPMENTS IN NUTRITION



4 Shea et al.

FIGURE 1 Composite cognitive z-score and 6 individual test z-scores according to (A) plasma phylloquinone and (B) plasma (dp)ucMGP.
Data are least squares means, and error bars are SEM, adjusted for age, sex, education, race and ethnicity, BMI, diabetes, hypertension,
cardiovascular disease history, use of any alcohol (yes/no), smoking history (dichotomized by having smoked ≥100 cigarettes over the
lifetime), estimated glomerular filtration rate, urine albumin, systolic and diastolic blood pressure, and triglycerides. (dp)ucMGP,
dephospho-uncarboxylated matrix Gla protein.

over all administered tests. In unadjusted cross-sectional analyses,
participants with plasma phylloquinone <0.50 nmol/L had a signif-
icantly lower composite cognitive z-score compared with those with
0.50–0.99 and ≥1.00 nmol/L. However, the association was not statisti-
cally significant in fully adjusted models (Figure 1). Plasma phylloqui-
none was not significantly associated with any of the individual cogni-
tive test scores after adjustment for confounders (Figure 1).

Participants with plasma (dp)ucMGP < 300 pmol/L had a signif-
icantly higher composite cognitive z score compared with those with
300–449 and ≥ 450 pmol/L in unadjusted and adjusted models (Figure
1). A similar qualitative pattern was observed for the Trails A, Trails B,
Buschke Delayed Recall, and Verbal Fluency tests, although none of the
associations of the individual test scores achieved statistical significance
when adjusted for confounders (Figure 1).

After adjustment for pertinent covariates, the 3MS scores did not
differ according to plasma phylloquinone [least squares mean (95%
CI): <0.50 nmol/L, 94.6 (93.7, 95.4); 0.50–0.99 nmol/L, 95.0 (94.2,

95.6); ≥1.00 nmol/L, 95.0 (94.4, 95.6); P = 0.54] or plasma (dp)ucMGP
[<300 pmol/L, 95.2 (94.5, 95.8); 300–449 pmol/L, 94.9 (94.1, 95.5);
≥450 pmol/L, 94.6 (93.7, 95.3); P = 0.20].

Discussion

Among adults with CKD, higher plasma phylloquinone and lower
plasma (dp)ucMGP concentrations (both reflective of higher vitamin
K status) were associated with better global cognitive performance
based on the composite cognitive z-score. However, the association with
plasma phylloquinone did not reach statistical significance after adjust-
ment for confounders. Neither biomarker was significantly associated
with performance on the 3MS or on the individual tests after adjustment
for confounders (although some associations bordered significance).
The collective results provide initial but incomplete evidence regarding
the association of vitamin K status with overall cognitive performance
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in adults with CKD. The association with specific cognitive domains
needs to be clarified.

We found that participants with lower plasma (dp)ucMGP had sig-
nificantly better cognitive performance based on the composite z-score,
but we are cautious about the interpretation because the 3MS scores did
not differ across plasma (dp)ucMGP categories. It is possible that ceil-
ing effects limited our ability to detect associations with 3MS scores.
However, plasma phylloquinone (another vitamin K status biomarker)
was not significantly associated with any cognitive outcome evalu-
ated, after adjusted for confounders. The only other available study of
(dp)ucMGP and cognitive function was conducted in 599 community-
dwelling 55- to 65-y-old Dutch adults. Over 6 y of follow-up it found
no association between plasma (dp)ucMGP and general cognitive per-
formance (based on a composite z-score that combined information
processing speed, episodic memory, and fluid intelligence). Generally
healthy 55- to 65-y-olds do not usually experience substantial changes
in cognitive status, which may have limited the ability to detect an
association in this population (19). The amount of (dp)ucMGP in cir-
culation depends on MGP synthesis, in addition to the availability of
vitamin K to carboxylate the protein. It is possible that the associa-
tion of (dp)ucMGP with cognitive performance is related to factors in-
volved in MGP synthesis, which is independent of vitamin K. Although
there is limited evidence from microarray experiments that indicate that
MGP is expressed in human brain tissue (20), the extent to which this
is reflected by circulating MGP is unknown. It will be important to
replicate our findings and elucidate the biological mechanisms through
which MGP carboxylation is related to cognitive performance in
future studies.

Significant inverse associations between circulating phylloquinone
and cognitive performance have been reported. In Irish adults ≥64 y old
(mean ± SD age: 78 ± 9 y), higher circulating phylloquinone was asso-
ciated with higher Mini-Mental State Examination scores (21). In 67-
to 84-y-old individuals without apparent cognitive impairment, higher
plasma phylloquinone was associated with better verbal episodic mem-
ory scores but not with nonverbal episodic memory, executive function,
or processing speed (22). In 80- to 90-y-olds without cognitive impair-
ment at baseline, higher plasma phylloquinone was associated with a
slower rate of cognitive decline (based on the person-specific change in
scores on 19 cognitive tests) (7). It is not clear why our results diverge
from previously published studies. It is plausible that there was overall
less cognitive impairment due to the younger age of study participants
(although all had CKD and nearly all were hypertensive, which can per-
petuate cognitive dysfunction) (23). Alternatively, it is possible that the
relevance of vitamin K to brain health is not entirely reflected by the
amount of phylloquinone in circulation (7). There are multiple forms
of vitamin K. Phylloquinone, found in green leafy vegetables and veg-
etable oils, is the primary circulating form. Menaquinones (vitamin K2)
are found in some meat and dairy products and fermented foods be-
cause they are bacterially synthesized. There are multiple menaquinone
forms, which, with phylloquinone, are converted to menaquinone-
4 in brain tissue (24). Menaquinone-4 is the primary form of vi-
tamin K in the human brain (25) but is not typically detected in
circulation.

To the best of our knowledge, this is the first study to evaluate the
association of vitamin K status with cognitive performance in adults
with CKD, a group at risk for cognitive decline. It is strengthened by

the well-characterized diverse cohort of individuals with CKD, the ad-
ministration of tests evaluating multiple cognitive domains, and the use
of two biomarkers of vitamin K status. However, there are limitations.
The observational design precludes inferring causation. CRIC partici-
pants’ cognitive test performance generally improved during the follow-
up (data not shown), which may be attributable to practice effects (26)
and thereby limited our ability to evaluate the association of vitamin
K status with cognitive decline. Because vitamin K status was inversely
associated with all-cause mortality risk in CRIC (11) and mortality is
a competing event for cognitive impairment (27), our findings may be
influenced by survivor bias. Gas-6 and protein S are VKD proteins in-
volved in neuronal function (6). Assays that measure the carboxylated
and/or uncarboxylated fractions of these proteins are not available, so
we utilized (dp)ucMGP as representative of VKD protein carboxylation.
Plasma (dp)ucMGP was lower in CRIC compared with other studies of
individuals with CKD that used the same assay that we used (28), sug-
gestive of a better vitamin K status, which may have influenced our find-
ings. We excluded vitamin K antagonist users from our analyses, so our
results are not generalizable to individuals taking vitamin K antagonist
medications.

Although this study’s results provide preliminary evidence for gen-
eral associations of vitamin K status with cognitive function in CKD,
additional research is needed to obtain a better understanding of the
domains of cognitive function affected by vitamin K.
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