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Abstract.
BACKGROUND: The prevalence and relationship between dark green vegetables (DGV) and specific cognitive domains in
the aging US population are not well-established for men and women.
OBJECTIVE: To explore the associations between DGV, its bioactive nutrients, and cognitive function, including its specific
domains, and whether they differ by sex
METHODS: The study analyzed a cross-sectional sample of 2,793 US adults aged 60 or older from the 2011–2014 NHANES.
DGV was dichotomized, and bioactive nutrients were divided into quartiles. Weighted linear regressions were used to analyze
the association between DGV, bioactive nutrients, and standardized cognitive function scores, including specific domains
(CERAD, DWR, AFT, DSST), while controlling for covariates. The study also tested for sex-based effect modification
RESULTS: Overall, 61.7% of participants reported no DGV intake, and men reported no DGV intake more frequently
than women (67.8 vs.56.5%, p < 0.001). DGV was associated with overall cognitive function(� = 0.10, p = 0.024) and by its
specific domains: memory-related i.e., learning and remembering (CERAD:� = 0.10, p = 0.015; DWR:� = 0.10, p = 0.010),
marginally associated with executive function (AFT:� = 0.10, p = 0.075), but not with problem-solving(DSST:� = 0.03,
p = 0.587). Although the associations between bioactive nutrients and specific cognitive domains were mixed, a higher
intake of these nutrients was still linked to higher overall cognitive function. Only �-carotene and its associations with overall
cognitive and AFT were modified by sex.
CONCLUSION: The majority of US older adults (>60%) lack DGV in their diet. Intake of DGV, which is rich in phyllo-
quinone, �-carotene, and �-tocopherol, may benefit certain domains of cognition in men and women, such as learning and
memory

1. Introduction

Cognitive impairment hinders an individual’s abil-
ity to learn, remember, appropriate use of stored
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information, and solve problems - all of which are
vital cognitive skills for healthy and successful aging
[1]. Alzheimer’s disease and dementia are types
of cognitive impairment, which affects around 6.7
million Americans. The costs of healthcare and long-
term care for those with Alzheimer’s or other forms
of dementia are significant and estimated at $345 bil-
lion annually in the US, not including the value of
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informal caregiving [2]. With an aging US popula-
tion, the prevalence and economic burden of cognitive
impairment and dementia are expected to increase.
Identifying risk factors that can be modified to pre-
vent or delay the onset of cognitive decline could be
an effective strategy for reducing the burden of this
rising issue.

An increasing body of evidence suggests that
dietary modifications may help alleviate age-related
cognitive decline [3–8]. Plant-based diets, in partic-
ular those rich in fruits and vegetables, have been
associated with improved cognitive performance and
a reduced risk of age-related dementia [3–6]. Cer-
tain phytochemicals found in plants have been shown
to affect neuroplasticity, brain function, and cogni-
tive processes in both healthy and diseased brains
[4–6]. Although older adults in the US generally
consume enough fruits and vegetables according
to the Healthy Eating Index (HEI), their consump-
tion of dark green and orange vegetables remains
very low, highlighting the need for further investi-
gation into their potential relationship with cognitive
impairment [9].

Dark green vegetables (DGV), especially leafy
greens, have been recognized as an important dietary
component for maintaining good cognitive function
and reducing the risk of age-related cognitive decline
in some studies [7, 8]. However, the specific cognitive
domains influenced by DGV have not yet been iden-
tified [6]. Previous research suggests that different
dietary patterns and foods may have domain-specific
effects on cognition [6], but more of research is
needed to explore the specific effects of DGV. Phyllo-
quinone (vitamin K1) is the nutrient most commonly
associated with the prevention of cognitive decline
and is found in DGV [8, 10–13]. DGV also con-
tain other bioactive nutrients, such as �-carotene and
�-tocopherol, but their association with cognitive
function is less clear [14–17].

The relationship between DGV and specific cog-
nitive domains in the aging US population is not
well-understood. Additionally, research suggests sex
differences in cognitive decline [18] that could be
affected by diet and food. Therefore, this study aimed
to address these knowledge gaps by investigating
the association between DGV and cognitive func-
tion in a representative sample of US older adults,
and to examine whether this association varies by
sex. The study also explored the association of
bioactive nutrients found in DGV, such as phylloqui-
none, �-carotene, and �-tocopherol, with cognitive
function.

2. Materials and methods

2.1. Study population and sample

The data utilized was from the U.S. National
Health and Nutrition Examination Surveys
(NHANES), which were conducted by the National
Center for Health Statistics (NCHS) at the Centers
for Disease Control and Prevention (CDC) [19].
NHANES is a cross-sectional study employing
a stratified multistage probability design. Data
on the health and nutritional status of the non-
institutionalized U.S. population are collected
through a series of interviews, examinations, and
laboratory measurements. The NCHS Research
Ethics Review Board provided the following proto-
col approval numbers for the presented survey years:
Continuation of Protocol #2011-17 (NHANES
2011–2012) and Protocol #2011-17 (NHANES
2013–2014) [20]. The present study combined
two-cycle data from NHANES (2011–2012 and
2013–2014). Only participants aged 60 and over
were eligible to participate in the cognitive assess-
ment, and this included a total of 3,632 participants.
Of these, participants with incomplete cognitive
function screener questionnaire (n = 484), incom-
pletion or unreliable of 24-hr recall (n = 275), and
incomplete covariates (n = 80) were omitted. The
missing values for two covariates, poverty income
ratio (PIR) and elevated cholesterol (n = 214 and
n = 138, respectively), were omitted when they were
included in the final multivariable analysis model.

2.2. Dietary Assessments

We used dietary data from two 24-hour dietary
recall interviews. The NHANES employed the Auto-
mated Multiple Pass Method (AMPM), which is
designed to provide an efficient and accurate means
of collecting intakes for large-scale national surveys
[21]. The AMPM uses a five-step interview: (1)
quick list of all foods and beverages consumed the
day before the interview (midnight to midnight); (2)
list of consumption of foods commonly forgotten;
(3) time and eating occasion of each reported food;
(4) a detailed description, amount eaten, and addi-
tions to the food; (5) other foods not remembered.
Based on the NHANES for reliable dietary data, only
those participants are analyzed who completed the
first four steps of the AMPM and had all consumed
food/beverages identified [22]. The first interview
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was conducted in-person at the Mobile Examination
Center by trained interviewers. The second interview
was conducted over the telephone three to 10 days
later. The response rate in both cycles ranged between
87% and 89%, which provided reliable dietary data
for both interviews [23].

2.3. Intake of dark green vegetables and
associated bioactive nutrients

The intake of dark green vegetables (DGV) was
identified according to the Food Patterns Equivalents
Database (FPED) 2011-14, which was developed
by the United States Department of Agriculture
(USDA), Agricultural Research Service (ARS), Food
Surveys Research Group (FSRG). The FPED con-
verts foods from the Food and Nutrient Database for
Dietary Studies (FNDDS) to the respective number
of cups equivalents. Based on the FPED, we used
their final DGV component (variable name: v drkgr)
which includes the sum of all DGV such as: arugula,
basil, broccoli, Chinese cabbage, chard, cilantro,
collards, cress, dandelion greens, endive, escarole
greens, kale, lettuce, mustard cabbage/greens, pars-
ley, poke greens, spinach, turnip greens, watercress
and more [24]. The final DGV intake of each
participant was calculated using two 24-hr dietary
interviews, and the mean DGV intake in cups per
day was obtained. Based on the distribution of DGV
intake, where the majority (>60%) of participants
did not report any DGV intake, we divided the
intake into two categories: yes (DGV > 0) and no
(DGV = 0). In addition, for each participant, the mean
intake of dietary and nutritional supplements of DGV
nutritional bioactive (phylloquinone, �-carotene, and
�-tocopherol) was calculated from the two 24-hr
dietary recalls, and the mean intake for each bioactive
was divided into quartiles (Q1-Q4).

2.4. Cognitive Function Assessments

Details of the cognitive function assessments have
been described previously [25]. Briefly, four cog-
nitive function tests were administered to study
participants: (1) The Consortium to Establish a
Registry for Alzheimer’s disease (CERAD), which
measures participants’ ability to learn and remem-
ber new information, consisting of three consecutive
learning trials. In each trial, participants are presented
with a list of ten unrelated words and asked to recall
as many words as possible immediately after the

presentation (i.e., in the short term of learning and
remembering). The sum of the 3 trials is scored on a
scale of 0–30. (2) Delayed word recall (DWR) test,
where participants are asked to recall words from
the CERAD test after a completing the other two
following tests (3 and 4). The DWR score is the
number of words the participant was able to remem-
ber (0–10). (3) The Animal Fluency Test (AFT),
which assesses verbal fluency and executive function
while using appropriately stored information by ask-
ing participants to name as many animals as possible
in one minute. (4) The Digit Symbol Substitution
Test (DSST), measures problem-solving abilities,
including processing speed, visual-motor coordina-
tion, sustained attention, and working memory. The
DSST is a component of the Wechsler Adult Intel-
ligence Scale where its total score ranges between
0–105. Finally, the creation of an overall cognitive
function standardized score, which is calculated by
averaging the standardized scores of all four tests.
Creation of this score helps to minimize floor and
ceiling effects across cognitive function tasks in a
population of older adults.

2.5. Statistical analysis

All analyses followed the NHANES guide-
lines considering sample weight, stratification, and
clustering in the complex survey design due to
unequal sample selection probability in NHANES
2011–2014. This was to account for stratification
and clustering. For statistical analyses, STATA 15
was employed. Responses coded as ‘do not know’,
‘refused’, or ‘missing’ in the original NHANES sur-
veys were treated as missing values. A type I error
level of 0.05 was considered significant through-
out the statistical tests. Descriptive statistics (sample
sizes and weighted proportions and means) were used
to summarize the characteristics of the study sam-
ples with respect to the primary exposure variable
(i.e., DGV). P-values were generated from the crude
weighted linear regression models for each covariate.
For the multivariable analysis, weighted linear regres-
sion models were conducted to examine the crude
and adjusted associations between primary exposure
variables e.g., DGV, phylloquinone, �-carotene, and
�-tocopherol with overall and by specific cognitive
function scores while adjusting for study covariates
as described in Table 1. Post-hoc Wald test was
conducted to test the significance of each primary
exposure on each outcome e.g., overall and specific
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Table 1

Details of variables used as covariates in the study

Study Covariates Description

Total Energy Intake
(kcal/day)

Mean energy intake was calculated from the two 24-hr dietary recalls and included only
participants who met the inclusion criteria based on the NHANES for reliable dietary data
[26]. Participants who reported below 500 kcal or above 5000 were excluded (n = 8).

Healthy Eating Index
(HEI)-2015

Diet quality was calculated using the HEI. More details about the HEI are provided
[27–29]. When examining DGV in the multivariable analysis, DGV component from the
HEI (variable name:v drkgr) was not included in the calculation of total HEI-2015 score

Sex Men/Women
Age 60–69, 70–79, 80+ (years)
Race/Ethnicity Non-Hispanic (NH) Whites, Hispanics, NH Blacks, Asians/ Other Race
Education <High school; High school graduate/GED or equivalent; Some college or AA degree,

College graduate or above
The Poverty Income Ratio
(PIR)

PIR was presented in percentage with a higher number indicating higher socio-economic
status: < 185%, 185–350%,>350%

Smoking Status Never, Former, Current
Alcohol Alcohol intake in the past 12 months: 0 (none), Low (had at least 12 alcohol drinks a year

but less than one drink a day), Moderate/High (had at least one drink every day)
Physical Activity Meeting the world health organization recommendations of 150 min of moderate and/or

75 min of vigorous weekly physical activity or combination [30] Active/Inactive
Body Mass Index (BMI)
(kg/m2)

CDC classification for adults [31]: < 25, 25–29, 30–34, ≥ 35 kg/m2

Chronic Diseases Hypertension (a) mean systolic blood pressure ≥ 130 mmHg; (b) mean diastolic blood
pressure ≥ 80 mmHg; (c) self-reported physician diagnosis [32](Yes vs. No)
Elevated total cholesterol [33]>240 mg/dL
‘Has a doctor told you had Diabetes? (Yes vs. No) Has a doctor told you had
Cardiovascular disease (CVD)? (Yes vs. No) Has a doctor told you had Stroke? (Yes vs.
No)

Antithrombotic Medication
use in the past 30 days

Used the Anatomical Therapeutic Chemical (ATC) classification system. All
antithrombotic agents (B01A), a potent vitamin K antagonist only (B01AA), or platelet
aggregation inhibitor only (B01AC). Antithrombotic drugs include antiplatelet drugs
(aspirin, clopidogrel, and glycoprotein IIb/IIIa receptor antagonists) and anticoagulants
(unfractionated and low molecular weight heparin, warfarin, and direct thrombin
inhibitors) [34, 35]. Yes vs. No

cognitive function domain. Lastly, the effect of modi-
fication by sex on the primary exposure variables was
examined for each final multivariable model using
the adjusted Wald chi test with a significance level of
p < 0.1. The results of all final multivariable models
are presented as Least-Square Means (LSMs).

3. Results

The overall sample included 2,793 eligible partici-
pants. The characteristics of the study participants are
described in Table 2, according to their DGV intake.
The average age was 69 ± 6.6 years, 54% female,
and the race/ethnicity composition was non-Hispanic
Whites (79.9%), non-Hispanic Blacks (7.0%). His-
panics (8.3%) and Asians/others (4.8%). Overall,
61.7% of the study sample did not report DGV intake
and among those who did, the median intake was 0.3
cup/day with interquartile range (IQR) of 0.4 cup/day.

Prevalence of DGV intake did not vary across age
groups: 37.0% (60–69), 39.1% (70–79), and 36.8%
(80+) (p-value = 0.569)

Compared to non-DGV consumers, DGV con-
sumers (38.3%) were more likely to be women (61.3
vs. 49.4%, p < 0.001), had higher education (40.5 vs.
24.4%, p < 0.001) and income (PIR > 350%) (51.6
vs. 39.8%, p < 0.001). Those who consumed DGV
also had healthier lifestyles, including less smoking
(47.1 vs. 53.0%), more alcohol consumption (50.8
vs. 42.5%), more physical activity (31.0 vs. 24.9%),
higher HEI (60.0 ± 12.0 vs. 54.7 ± 12.4), and were
less likely to report chronic diseases such as diabetes
(20.3 vs. 26.1%) and cardiovascular disease (7.1 vs.
11.2%). DGV consumers were also more likely to
have higher intakes of phylloquinone, �-carotene,
and �-tocopherol, with 58% of DGV consumers
in the highest quartile of phylloquinone compared
to 9% of non-DGV consumers (p-value < 0.001)
(Fig. 1).
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Table 2

Study characteristics were compared by intake of dark green vegetables (DGV) in U.S. older adults aged ≥ 60 years, using NHANES
2011–2014

Intake of Dark Green Vegetables N(%)/Mean ± SD
Study Variables All N(%) No Yes P-value

2,793 1,742(61.7) 1,051(38.3)

Dark green vegetables Median[IQR] cup/day 0[0.2] 0[0] 0.3[0.40]
Age(years) 0.459

60–69 1,501(56.6) 945(56.3) 556(57.1)
70–79 836(29.6) 509(29.1) 327(30.3)
80+ 456(13.8) 288(14.6) 168(12.6)

Sex <0.001
Men 1,366(46.0) 919(50.6) 447(38.7)
Women 1,427(54.0) 823(49.4) 604(61.3)

Race/Ethnicity 0.007
NH Whites 1,345(79.9) 855(80.1) 490(79.7)
Hispanics 534(7.0) 350(7.3) 184(6.4)
NH Blacks 668(8.3) 440(8.8) 228(7.5)
Asians/ Others 246(4.8) 97(3.8) 149(6.4)

Education <0.001
<High school 724(15.9) 527(19.7) 197(9.7)
High school graduate 644(21.8) 423(24.1) 221(18.3)
Some college degree 785(31.7) 470(31.9) 315(31.6)
College graduate< 640(30.6) 322(24.4) 318(40.5)

Poverty Income Ratio (PIR)** <0.001
<185% 1,116(28.8) 767(32.6) 349(22.8)
185–350% 644(26.8) 396(27.6) 248(25.6)
>350% 819(44.4) 441(39.8) 378(51.6)

Smoking Status <0.001
Never 1,372(49.4) 813(47.1) 559(53.0)
Former 1,068(39.8) 660(39.7) 408(40.3)
Current 351(10.8) 268(13.3) 83(6.7)

Alcohol use in the past years <0.001
None 730(21.3) 476(23.9) 254(17.1)
Low 916(33.0) 589(34.6) 327(32.1)
Moderate/High 1,147(45.7) 677(42.5) 470(50.8)

Physical Activity <0.001
Inactive 2,060(69.7) 1,350(75.1) 710(61.0)
Active 733(30.3) 392(24.9) 241(31.0)

BMI (kg/m2) 29.2 ± 6.3 29.7 ± 6.4 28.3 ± 6.1 0.002
Energy Intake (kcal/day) 1877 ± 893 1858 ± 684 1909 ± 639 0.233
Healthy Eating Index (HEI)* 56.7 ± 12.5 54.7 ± 12.4 60.0 ± 12.0 <0.001
Chronic Diseases

Diabetes 0.013
No 2,001(76.2) 1,220(73.9) 781(79.7)
Yes 792(23.8) 522(26.1) 270(20.3)

Hypertension 0.796
No 2,180(83.5) 1,357(83.8) 823(83.2)
Yes 500(16.5) 318(16.3) 182(16.8)

Cardiovascular Disease <0.001
No 2,516(90.3) 1,554(88.8) 962(92.9)
Yes 261(9.6) 176(11.2) 85(7.1)

Stroke 0.879
No 2,593(93.8) 1,609(93.7) 984(93.9)
Yes 196(6.2) 131(6.3) 65(6.1)

Elevated Cholesterol** 0.019
No 2,317(87.3) 1,456(88.7) 861(83.9)
Yes 338(12.7) 185(11.3) 153(16.1)

Antithrombotic Medication 0.007
No 2,512(90.9) 1,558(89.3) 954(93.4)
Yes 281(9.1) 184(10.7) 97(6.6)

*HEI does not include dark green vegetables. NH, Non-Hispanic; BMI, Body Mass Index; NHANES, National Health and Nutrition
Examination Survey; IQR, interquartile range ** having missing values (PIR: n = 214; Elevated Cholesterol n = 138).
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Fig. 1. Prevalence of dark green vegetable (DGV) consumers in
the highest quartile(Q4) of phylloquinone, �-carotene, and �-
tocopherol. *p < 0.001.

Fig. 2. The adjusted � coefficients (95% CIs) between dark green
vegetable (DGV) and cognitive function, both standardized overall
and specific domains: DSST, Digit Symbol Substitution Test; AFT,
Animal Fluency Test; DWR, Delayed Word Recall, and CERAD,
Word learning.

Participants who consumed DGV had higher
overall cognitive function scores (–0.15 ± 0.05 vs.
–0.25 ± 0.04, p = 0.024) and higher scores on mem-
ory tests (CERAD: 17.9 vs. 17.4, p = 0.015; DWR: 5.6
vs. 5.4, p = 0.010) and marginally significant higher
score on AFT (p = 0.075), but no significant differ-
ence in DSST scores (p = 0.587) was found (Table 3,
Fig. 2). Figure 2 displays the adjusted �-coefficients
(95% CI) between DGV and the main standardized
study outcome values ranged from � = 0.03 (DSST)
up to � = 0.10 (CERAD, DWR, AFT, overall score).

Intakes of phylloquinone, �-tocopherol, and �-
carotene were associated with better overall cognitive
function across all specific domains (Table 4), except
for DSST that was not associated with �-carotene.
For example, participants with the highest intakes
of phylloquinone and �-tocopherol had a signifi-
cantly higher overall cognitive function standardized
score compared to those reporting the lowest intakes
(phylloquinone intake Q4 vs Q1:–0.06 ± 0.04 vs.

–0.26 ± 0.05, p ≤ 0.001; �-tocopherol intake Q4 vs.
Q1 : 0.04 ± 0.06 vs. –0.35 ± 0.06; p ≤ 0.001).

Finally, the analysis showed that the relationship
between DGV and cognitive function, regardless
of whether the function was measured overall or
through specific cognitive tests, did not differ by
sex (p-value > 0.322). However, when considering
the effects of individual bioactive compounds, sex did
appear to modify the association between �-carotene
and overall cognitive function score (p = 0.083), with
women exhibiting a slightly stronger association
(� = 0.07) than men (� = 0.05). Similarly, sex was
found to have a potential modifying effect (p = 0.052)
on the relationship between �-carotene and AFT, with
men showing a stronger association (� = 0.75) than
women (� = 0.12).

4. Discussion

To the extent of our knowledge, this is the first
study that focused on the relationship between DGV
intake and overall cognitive function, including its
specific domains, in a representative sample of US
men and women aged 60 years or older. This study
found 60% of adults 60 years and older did not report
consuming dark green vegetable. It also showed that
an intake of about a quarter to a third of a cup of
DGV per day might improve overall cognitive func-
tion by approximately 10%. The study findings were
adjusted for factors that might have an impact on cog-
nitive function such as socio-demographics, lifestyle
factors, chronic diseases, and diet quality where DGV
was excluded from the HEI. Our findings are consis-
tent with previous studies [7, 8]. For example, in a
prospective analysis of the Rush MAP study that fol-
lowed 960 older adults (average 81 years of age, 74%
women) for 4.7 years, those in the highest vs. low-
est quintiles of green leafy vegetable intake (median
1.3 servings/d) had a rate of overall cognitive impair-
ment that was equivalent to being 11 years younger
in age [7]. In a community-based cross-sectional
study of 525 adults aged ≥ 55 years old in Shang-
hai, those who consumed green vegetables every day
had a significantly lower risk of mild overall cognitive
impairment compared with those who did not [8].

Furthermore, as part of this study objective, spe-
cific domains of cognitive function were further
investigated, and different relationships with DGV
were found. This might reflect distinct effects of DGV
on specific areas of cognitive function such that DGV
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Table 3

Crude and adjusted means, as well as least-square means (LSMs), were compared between the intake of dark green vegetables (DGV) and
cognitive function in U.S. older adults aged ≥ 60 years, using NHANES 2011–2014

Word
Learning
(CERAD)
(Range:0–30)

Delayed Word
Recall (DWR)
(Range:0–10)

Animal
Fluency Test
(AFT)
(Range:0–40)

Digit Symbol
Substitution
Test (DSST)
(Range:
0–105)

Overall
Cognitive
Function
Standardized
Score

Intake of Dark Green Vegetables

Crude Model Means (SD)

No 19.2(4.5) 6.0(2.3) 17.6(5.5) 51.0(16.7) 0.19(0.94)
Yes 20.4(4.7) 6.6(2.3) 19.2(5.9) 56.6(16.2) 0.57(0.94)

p-value* <0.001 <0.001 <0.001 <0.001 <0.001

Multivariable Model LSMs (SE)

No 17.4(0.23) 5.4(0.11) 15.3(0.20) 40.2(0.67) –0.25(0.04)
Yes 17.9(0.27) 5.6(0.13) 15.9(0.22) 40.6(0.78) –0.15(0.05)

p-value* 0.015 0.010 0.075 0.587 0.024

Multivariable models were adjusted for age, sex, education, race/ethnicity, poverty income ratio, alcohol, smoking status, physical activity,
energy intake, BMI, diet quality (HEI)**, diabetes, Hypertension, cardiovascular disease, stroke, elevated cholesterol, and antithrombotic
medication use. **Dark green vegetable component was excluded from the HEI. Least-Square Means, LSMs. * Wald test p-value.

have a stronger association with memory (i.e., in the
short term of learning and remembering) as opposed
to problem-solving. Thus, this study highlights the
importance of assessing multiple cognitive domains
in future studies on cognition to further understand
DGV effect [6].

Based on the current literature, some of the mech-
anisms of DGV can be explained by the fact that they
are packed with bioactive nutrients that have neu-
roprotective and anti-inflammatory effects linked to
better brain health [36]. The current study showed that
individual bioactive nutrients, such as phylloquinone,
�-carotene, and �-tocopherol, were similarly associ-
ated with cognitive performance, indicating that the
overall cognitive benefit of DGV is not isolated to
a single micronutrient. DGV could have a benefi-
cial effect on brain function because they are rich
in vitamins, antioxidants, minerals, and phytochemi-
cals that act as free radical scavengers, protecting the
brain from neuronal damage [3–6, 37]. Therefore,
DGV may help prevent cognitive decline caused by
increased oxidative stress and inflammation, which
are believed to contribute to age-related dementia.

Our finding that phylloquinone intake was posi-
tively associated with overall cognitive performance
and in all its domains is consistent with findings from
previous studies [10–12, 38–40]. For example, the
Québec Longitudinal Study on Nutrition and Suc-
cessful Aging included 320 elderly participants. This
study showed that higher levels of phylloquinone in
the serum were associated with better verbal episodic
memory performance, though not with nonverbal

episodic memory, executive function, or process-
ing speed [38]. A cross-sectional analysis of older
adults (N = 160, mean age 82.4 years) indicated that
increased dietary vitamin K intake and serum phyl-
loquinone are associated with less severe subjective
memory complaints [39]. In the ELDERMET cohort
of 500 older Irish adults, serum phylloquinone and
phylloquinone intake were correlated with better per-
formance on the mini-mental state examination [40].

Phylloquinone’s link to cognitive functioning is
not fully understood. One explanation is that it may
reduce cognitive decline by regulating sphingolipid
metabolism [41, 42], which is essential for maintain-
ing myelin surrounding nerve fibers and enabling fast
signal transmission. Vitamin K is also required for
the carboxylation of vitamin K dependent proteins,
which are expressed in the central nervous system
and have been linked to neuroinflammation [43].

�-carotene is a fat-soluble pigment with strong
antioxidant properties that can combat free radicals,
which are linked to cognitive impairment [10, 14–17].
It, along with other carotenoids, has been found in
the human brain [16]. While carotenoids have been
shown to benefit cognitive health [7, 14–17], this
study specifically focuses on �-carotene due to its
abundance in DGV. Our findings are consistent with
several longitudinal observational studies [7, 14–17,
44]. For example, among 49,493 female registered
nurses (mean age of 48 years) a higher intake of total
carotenoids was associated with substantially lower
odds of moderate or poor cognitive function after con-
trolling for other dietary and non-dietary risk factors
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Table 4

Crude and adjusted means, as well as least-square means (LSMs), were compared between the intake of bioactive nutrients such as
phylloquinone, �-carotene, and �-tocopherol and cognitive function domains in U.S. older adults aged ≥ 60 years using NHANES 2011–2014

Word learning
(CERAD)
(Range:0–30)

Delayed Word
Recall (DWR)
(Range:0–10)

Animal Fluency
Test (AFT)
(Range:0–40)

Digit Symbol
Substitution Test
(DSST) (Range:
0–105)

Overall
Cognitive
Function
Standardized
Score

Median[IQR]
Crude Model Means (SD)

Phylloquinone (mcg)
Q1 35[18] 16.0(5.8) 5.7(2.7) 18.4(5.2) 45.8(19.6) –0.01(1.1)
Q2 68[18] 17.5(5.5) 6.1(2.2) 19.2(4.4) 51.7(15.9) 0.27(0.9)
Q3 114[27] 18.6(5.7) 6.4(2.1) 20.0(4.4) 54.3(15.8) 0.45(0.9)
Q4 223[156] 19.8(5.3) 6.6(2.2) 20.6(4.5) 57.0(14.0) 0.65(0.8)

p-value* <0.001 <0.001 <0.001 <0.001 <0.001

�-carotene (mcg)
Q1 237[225] 18.7(5.0) 5.8(2.5) 16.5(5.4) 47.5(18.3) 0.07(1.0)
Q2 778[372] 19.3(4.3) 6.1(2.2) 17.6(5.4) 52.8(15.7) 0.31(0.88)
Q3 1844[800] 20.0(4.6) 6.4(2.3) 19.2(5.7) 54.0(15.4) 0.50(0.92)
Q4 5328[4400] 20.4(4.5) 6.6(2.2) 19.0(5.7) 55.8(15.9) 0.55(0.90)

p-value* <0.001 <0.001 <0.001 <0.001 <0.001

�-tocopherol (mg)
Q1 3.5[1.4] 18.3(5.1) 5.6(2.6) 16.3(5.8) 47.4(19.0) 0.03(1.02)
Q2 5.9[1.0] 19.5(4.9) 6.2(2.4) 17.5(5.7) 51.3(16.6) 0.30(0.95)
Q3 8.4[1.5] 20.0(4.3) 6.3(2.2) 18.9(5.3) 54.6(15.1) 0.47(0.86)
Q4 14.0[7.4] 20.7(3.9) 6.8(1.9) 19.7(5.3) 57.2(14.0) 0.67(0.77)

p-value* <0.001 <0.001 <0.001 <0.001 <0.001

Multivariable Model LSMs (SE)
Phylloquinone (mcg)

Q1 35[18] 17.5(0.29) 5.2(0.13) 15.3(0.29) 38.8(0.85) –0.26(0.05)
Q2 68[18] 17.6(0.33) 5.3(0.13) 15.5(0.29) 40.6(0.66) –0.21(0.05)
Q3 114[27] 18.2(0.29)a 5.6(0.13)a 16.2(0.26)b 42.2(0.71)c –0.07(0.04)b

Q4 223[156] 18.3(0.24)a 5.6(0.12)a 16.5(0.28)c 41.5(0.77)a –0.06(0.04)b

p-value* 0.042 0.005 <0,001 0.005 0.001

�-carotene (mcg)
Q1 237[225] 17.3(0.29) 5.2(0.12) 15.6(0.33) 39.7(0.83) –0.24(0.05)
Q2 778[372] 17.4(0.24) 5.3(0.11) 15.5(0.26) 41.0(0.68) –0.21(0.04)
Q3 1844[800] 18.0(0.32)a 5.5(0.17)a 16.5(0.32)a 40.8(0.87) –0.09(0.06)b

Q4 5328[4400] 18.2(0.27)b 5.6(0.13)c 16.2(0.29) 41.9(0.79) –0.08(0.06)c

p-value* 0.001 0.004 0.009 0.320 <0.001

�-tocopherol (mg)
Q1 3.5[1.4] 17.0(0.33) 4.9(0.13) 15.1(0.34) 38.6(0.85) –0.35(0.06)
Q2 5.9[1.0] 18.0(0.32)b 5.5(0.12)c 15.7(0.28) 40.0(0.76) –0.17(0.04)c

Q3 8.4[1.5] 18.2(0.30)c 5.5(0.17)b 16.3(0.32)b 41.7(0.71)c –0.09(0.05)c

Q4 14.0[7.4] 18.7(0.31)c 5.9(0.16)c 16.6(0.27)c 42.9(0.95)c 0.04(0.06)c

p-value* 0.002 <0.001 0.002 0.002 <0.001

Multivariable models were adjusted for age, sex, education, race/ethnicity, poverty income ratio, alcohol, smoking status, physical activity,
energy intake, BMI, diet quality (HEI)**, diabetes, Hypertension, cardiovascular disease, stroke, elevated cholesterol, and antithrombotic
medication use. **Dark green vegetable component was excluded from the HEI. Least-Square Means, LSMs; IQR, interquartile range.
*p-value from the Post-hoc Wald test ap-value < 0.05 bp-value < 0.01 cp-value < 0.001.

and total energy intake [14]. The current study find-
ings suggest that men may need to consume more
�-carotene than women to improve cognitive func-
tion, but more research is needed to confirm this due
to the limitations of this study design.

Our study also showed that higher intake of �-
tocopherol, a bioavailable form of vitamin E, is
associated with better cognitive function. The brain
prefers �-tocopherol, which is the most abundant
antioxidant form of vitamin E [37, 45]. Studies have
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consistently linked higher dietary and serum vitamin
E levels with lower risk of cognitive impairment and
Alzheimer’s disease [45–49]. Other natural forms of
vitamin E, including tocopherols and tocotrienols,
also protect against cognitive decline and demen-
tia [45–48]. A meta-analysis of case-control studies
found that circulatory levels of �-tocopherol were
significantly lower in Alzheimer’s patients compared
to healthy controls [49].

The study has strengths and limitations. Strengths
include the use of a representative sample of the US
older adult population with equal representation of
men and women, which enhances the generalizability
of the findings. The NHANES employed standard-
ized protocols and rigorous quality control in data
collection, and the comprehensive database allowed
for adjustment of significant covariates related to
dietary intake and cognitive function, such as demo-
graphics, health behaviors, physical activity, and
medical conditions.

Limitations include a cross-sectional study design,
which do not allow for inferences of causality or tem-
porality. There may be measurement errors due to
recall bias in the 24-hour recall method used to obtain
nutritional data. Recall bias may also be related to
primary variables of interests. DGV consumers and
those with better cognitive function may recall their
intake more accurately. The 24-hour recall method,
used in this study, may result in fewer errors than other
methods, such as the FFQ, which requires recalling
intake throughout the year, and may be more suit-
able for older adults with varying cognitive function
levels. The research examined only three micronutri-
ents present in DGV, while there are numerous other
bioactive compounds in these vegetables that could
potentially contribute to cognitive health, but were
not included in the analysis. Future studies could use
nutritional biomarkers to validate dietary intake in
older adults. It is unclear whether long-term or earlier
exposure to DGV would improve cognition. While
the study sample was representative of US adults
aged 60 and over, caution should be exercised when
extrapolating the findings to other populations.

5. Conclusion

The study suggests that DGV, which are rich in
phylloquinone, �-carotene, and �-tocopherol, may
benefit specific domains of cognition, particularly
memory-related domains i.e., learning and remem-

bering. Yet, the majority of US older adults (>60%)
lack intake of DGV in their daily diet. Given the ris-
ing prevalence of cognitive decline and dementia in
the US, and that intake of DGV is readily modifiable,
prospective studies are necessary to assess the long-
term effects of increasing intake of DGV on specific
cognitive domains in older adults.
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