1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Eur J Nutr. Author manuscript; available in PMC 2021 June 01.

-, HHS Public Access
«

Published in final edited form as:
Eur J Nutr. 2021 February ; 60(1): 465-474. doi:10.1007/s00394-020-02267-4.

Association of magnesium intake and vitamin D status with
cognitive function in older adults: an analysis of US National
Health and Nutrition Examination Survey (NHANES) 2011 to 2014

Noah C. Peeril, Kathleen M. Egan?, Weiwen Chai3, Meng-Hua Tao?
Department of Biostatistics and Epidemiology, University of North Texas Health Science Center,
Fort Worth, TX, 76107, USA

2Department of Cancer Epidemiology, H. Lee Moffitt Cancer Center & Research Institute, Tampa,
FL, 33612, USA

SDepartment of Nutrition and Health sciences, University of Nebraska-Lincoln, Lincoln, NE,
68583, USA

Abstract

Purpose: Reduced cognitive function associated with aging has gained increasing attention as
the US population ages. Magnesium plays a critical role in vitamin D biosynthesis and
metabolism; and deficiencies in magnesium and vitamin D show associations with poor cognition.
However, no study has examined their interaction. This study aimed to evaluate the associations of
magnesium intake and serum 25-hydroxyvitamin D (25(OH)D) concentrations, indicating vitamin
D status, with cognition, and interaction between these nutrients in older adults.

Methods: Based on the National Health and Nutrition Survey (NHANES) 2011-2014, the study
included 2,466 participants aged =60 years who completed the Digit Symbol Substitution Test
(DSST) and had data available on serum 25(OH)D and magnesium intake. Cognitive impairment
was defined as a DSST score lower than the lowest quartile. Serum 25(OH)D concentrations were
measured by HPLC-tandem mass spectrometry.

Results: Higher total magnesium intake was independently associated with higher DSST scores
(highest quartile vslowest: B=4.34, 95% Cl, 1.14-7.54). The association of total magnesium intake
with high DSST score was primarily observed among women, non-Hispanic whites, physically
active participants and those with sufficient vitamin D status, although the interactions were not
significant. The odds of cognitive impairment was reduced with increasing intake of total
magnesium (p trend<0.01) and higher level of serum 25(OH)D (p trend=0.05).
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Conclusions: Findings suggest that high magnesium intake alone may improve cognitive
function in older adults, and the association may be stronger among subjects with sufficient
vitamin D status. Further studies are needed to confirm these findings.
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Introduction

The search for lifestyle factors associated with cognitive function has gained importance
over the last few decades as the U.S. population ages and incidence of dementia rises [1]. It
is important to identify modifiable risk factors that may delay the progression of cognitive
decline associated with the aging process [2], and prevent or retard the occurrence of
cognition impairment or dementia. A number of studies with inconsistent results have
investigated the associations of dietary factors with cognitive function [3]. However, few
studies have considered complex interaction between nutrients that impact cognitive health.

Vitamin D is involved in many cellular activities in the body including cell apoptosis,
oxidative stress, inflammation, and excitotoxicity [4]. Vitamin D is metabolized in the liver
into 25-hydroxyvitamin D (25(OH)D) [5]. 25(OH)D then is converted into 1,25-
dihydroxyvitamin D (1,25[OH], D), and the conversion is regulated by parathyroid hormone
and magnesium levels [5]. Serum 25(OH)D is often used to assess vitamin D status in the
body. Despite food fortification and dietary supplementation, studies have shown that a large
proportion of US adults had vitamin D intake below the Estimated Average Requirements
(EARSs) [6], and around 30% of older US adults had serum 25(OH)D less than 50 nmol/I [7].

Magnesium, the second most abundant intracellular cation, plays a critical role in numerous
biological reactions including energy production, protein synthesis, nucleic acid metabolism
[8-12], maintenance of muscle and nerve membranes functions, participation of
neurochemical transmission and nerve transmission [13]. Low intake of magnesium has
been linked to risk of metabolic syndrome, type 2 diabetes, cardiovascular disease [14], and
decreased cognition [9,11]. Magnesium also plays a critical role in the synthesis and
metabolism of vitamin D, with magnesium deficiency resulting in reduced 1,25[OH], D
levels [15]. 1,25[OH], D can increase intestinal absorption of magnesium [16]. Previous
studies have indicated possible interactions between magnesium and vitamin D status on
mortality [17]. A recent randomized controlled trial reported that an optimal magnesium
intake may be important for optimizing circulating 25(OH)D levels, highlighting the
importance of the interaction between these micronutrients [18].

Previous observational studies have suggested that deficiencies in vitamin D and magnesium
were associated with cognitive impairment and risk of dementia [3,9-11,19]; however,
results from randomized controlled trials are inconsistent. Several recent vitamin D trials
reported no effects of vitamin D supplementation on cognitive performance compared to the
placebo groups [20,21]. A trial in healthy older adults found significant improvements in
nonverbal (visual) memory with 4,000 IU/day vitamin D supplementation among subjects
with insufficient levels at baseline [22]. Potential explanations for the inconsistent results
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include the elusiveness of the optimal concentrations of serum 25(OH)D for cognitive
health, short-term interventions to produce beneficial effects in clinical trials, and the fact
that prior studies did not consider magnesium status and its interaction with vitamin D.
Therefore, in this study, we investigated the association of magnesium intake and vitamin D
status with cognitive impairment in older adults and tested for possible interaction between
magnesium intake and vitamin D status on cognition utilizing data from the National Health
and Nutrition Examination Survey (NHANES) conducted between 2011 and 2014.

Study Population

This study utilized data from the continuous NHANES survey from two survey cycles,
conducted between 2011 and 2014 in which cognitive function testing among older adults
was conducted. The NHANES is a survey designed to assess health and nutrition in a
nationally representative sample of the non-institutionalized US population. A detailed
description of the study design has been published previously [23]. The survey is maintained
and administered by the National Center for Health Statistics (NCHS) under the purview of
the Centers for Disease Control and Prevention (CDC). Participants who were aged 60 years
and older at time of the survey, had information of serum 25(0OH)D, completed the 24-hour
dietary recall, and had completed Digit Symbol Substitution Test (DSST) information
described previously [24] were included in the study population. Participants with unreliable
dietary data, missing data for total magnesium intake, or potential confounders were further
excluded from the analyses, leaving a total of 2,466 subjects included in the analysis. All
participants provided written informed consent and the Institutional Review Board of the
NCHS approved the survey protocol.

Assessment of serum 25(0OH)D

Blood was drawn from participants in Mobile Examination Centers (MEC) by certified
phlebotomists. Serum 25 hydroxyvitamin D2 and D3 (25(0OH)D5, and 25(OH)D3) analysis
was performed at multiple government and contract labs using HPLC-tandem mass
spectrometry. This method of mass spectrometry offers a cost effective, sensitive, and rapid
test for 25(OH)D levels in nanomolar concentrations [25]. Blood serum levels of 25(0OH)D
were captured in nmol per liter (nmol/l).

Assessments of magnesium intake

Details of the protocol and dietary intake assessed in the MEC by trained interviewers have
been described previously [26]. Briefly, daily dietary intake information was obtained via
24-hour recalls [27], and 30-day dietary supplement questionnaire interviews. Information
about type, consumption frequency, duration, and amount taken over the past 30 days was
collected for each reported dietary supplement. Two 24-hour recalls were conducted in
NHANES 2011 to 2014. The first dietary recall was administered in person by trained
interviewers in NHANES MEC and the second dietary recall was completed by trained
interviewers via telephone 3-10 days after the MEC interview [26]. To keep intake
information consistent, only the in-person dietary recall for all subjects was used in the
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present analysis. Total intakes of magnesium and other nutrients were calculated by
summing intake from diet and supplements.

Cognitive Function

Cognitive function was assessed among participants aged 60 years and older using the
DSST, which has been described previously [24]. Briefly, the DSST is a well-established
and validated measure of cognitive performance that assesses executive function and
processing speed. It is a test provided on paper and completed using pencil to assess
psychomotor performance. It contains a table with numbers (1-9) and matching symbols as
well as a test section of numbers with empty boxes where participants are asked to fill in the
empty boxes with the symbols corresponding to the numbers provided. The score is the total
number of correct symbols drawn within 2 minutes, with one point given for a correct
response and a maximum score of 133. Because there is no well-defined threshold of DSST
score for detecting cognitive impairment, the lowest unweighted quartile in the study
population (DSST < 34) was used to define cognitive impairment or low cognitive function,
consistent with methods previously used [28]. Subjects with DSST scores > 34 were
considered not to be cognitively impaired.

Statistical Analysis

The NHANES employs multistage clustered probability sampling to obtain results
representative of the US population. Given the complex study design of the NHANES, the
“Survey” procedure in SAS 9.4 software (SAS Institute, Cary, NC, USA) was used to
estimate variance after incorporating the sampling weights in the multistage clustered
probability sampling design. Covariates were compared between two groups with and
without cognitive impairment to evaluate the potential for confounding using Rao-Scott chi-
square test for categorical variables and t-tests for continuous variables. Linear and logistic
regression models were conducted to examine the associations of magnesium intake and
vitamin D status with cognitive function, separately. In the first, linear regression models
were conducted for associations between total magnesium intake and vitamin D status and
cognitive function evaluated as a continuous DSST score, with adjustment for potential
confounders. In the second, we modeled cognitive impairment status as a dichotomized
outcome and total magnesium intake and vitamin D status with logistic regression models.
Serum 25(OH)D concentration and total magnesium intake were categorized into quartiles
based on the distributions among subjects without cognitive impairment, and the lowest
category was used as the reference. Tests for dose-response relationship were estimated by
fitting models with exposure variables included as continuous variables.

Several factors were considered as potential confounders in multivariable modeling
including sex, race/ethnicity, education, body mass index (BMI), cigarette smoking status,
alcohol use status, physical activity level, as well as daily intakes of total energy and total
calcium. Age, BMI, and intakes of total energy and total calcium were included in the
models as continuous variables. In the NHANES, race/ethnicity was categorized by survey
questions on race and Hispanic origin: non-Hispanic White referring to whites who are not
of Hispanic origin; non-Hispanic Black referring to blacks without Hispanic origin; Hispanic
referring all Hispanics regardless of race; non-Hispanic Asian including Asians without
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Hispanic origin; and Other Race including American Indian or Alaska Native, Native
Hawaiian or other Pacific Islander, and multiracial persons [29]. Previous studies have
reported associations between weak handgrips muscle strength and cognitive decline in
older adults [30,31]. Therefore, in the current study we also assessed potential confounding
by handgrips strength, and this factor did not alter point estimates by >10% and were
excluded from final models. We only included physical activity, a proxy indicator of overall
physical state, in final models, and categorized physical activity into two strata: no and low
level, and moderate and high level, defined as no vigorous or moderate physical activity in
the past 30 days, and at least ten minutes of sustained moderate or vigorous physical activity,
respectively. Previous studies have shown correlation between type 2 diabetes and cognitive
function [32]. Therefore, in the current study we also assessed possible confounding by type
2 diabetes, defined as having hemoglobin A1C concentration > 6.5% based upon World
Health Organization (WHO) guidelines [33]. Stratified analyses by potential effect modifiers
and tests for multiplicative interactions using the Wald test were conducted. All reported o~
values were two-tailed, and statistical significance was set at 0.05.

Selected demographic and potential confounding factors by cognitive impairment status are
presented in Table 1. 583 participants (23.6%) were defined as having cognitive impairment
with an unweighted DSST score < 34. Compared to subjects without cognitive impairment,
those with cognitive impairment were older, less likely to be non-Hispanic white, physically
active and never alcohol users, and more likely to be current smokers, and to have less
education and lower serum 25(OH)D levels. Subjects with cognitive impairment consumed
less calcium, magnesium, had lower total energy intake, and were less likely to take dietary
supplements compared to those without cognitive impairment. All of the above variables
were considered to be potential confounders and were adjusted for in subsequent analyses.

Linear and logistic regression models investigating associations of vitamin D status and total
magnesium intake with cognitive function are presented in Table 2. In linear regression
models, after adjustment for age, other confounding factors, intakes of total energy and total
calcium, and vitamin D status, participants with the highest quartile of total magnesium
intake scored an average of 4.34 points higher on the DSST than those in the lowest quartile
(B =4.34, 95% CI: 1.14-7.54, ptrend<0.01). For vitamin D status, there was no linear
association between serum 25(OH)D level and DSST score (compared to Q1, Q; = —0.82,
95% Cl: —3.08-1.44; Q3 p= —0.00, 95% CI: —2.05-2.04; Q4 $=0.90, 95% CI: -0.52-2.32; p
trend=0.17). Increased intake of total magnesium was also associated with a reduced odds of
cognitive impairment, the corresponding odds ratios (ORs) and 95% confidence intervals
(95% Cls) for the third and highest quartiles vs. the lowest quartile of total magnesium
intake were 0.42 (0.27-0.66) and 0.71 (0.38-1.33), respectively. A similar pattern was
observed for the association between serum 25(OH)D concentrations and odds of cognitive
impairment (OR=0.56; 95% CI: 0.36-0.87; OR = 0.73, 95% CI: 0.48-1.10, respectively for
the third quartile and highest quartile). A significant dose-response relationship was
observed for the intake of total magnesium (p trend<0.01) and serum 25(OH)D level (p
trend=0.05) in logistic regression models.
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The linear association of total magnesium intake with cognitive function was further
evaluated stratifying by selected factors (Table 3). After adjustment, the association between
higher total magnesium intake and better DSST score appeared stronger among females
(compared to Qq, Qo: p=3.20, 95% CI: 0.42-5.99; Q3: p=3.80, 95% CI: 0.82-6.77; Q4: p=
5.61, 95% CI: 1.58-9.63; p for trend <0.01), non-Hispanic Whites (compared to Q1, Q» f=
2.53, 95% CI: 0.13-4.95; Q3 p=4.40, 95% CI: 1.97-6.84; Q4 p=4.97, 95% CI1:1.37-8.57; p
for trend <0.01), and those with moderate or high level of physical activity (compared with
Q1, Q2 p=3.17, 95% CI: 1.32-5.03; Q3 = 3.66, 95% ClI: 1.63-5.70; Q4 p= 5.68, 95% ClI:
2.66-8.70; pfor trend <0.01). However, there was no statistically significant interaction
between total magnesium intake and gender, race/ethnicity, or physical activity. Additional
stratified analyses were conducted by serum 25(OH)D levels. Improved DSST scores
associated with high intake of total magnesium was limited to subjects with vitamin D status
=50 nmol/l (compared with Q1, Q» p=2.87, 95% CI: 0.53-5.21; Q3 p=4.45, 95% CI:
1.91-7.00; Q4 p=4.77, 95% CI: 1.08-8.46; pfor trend <0.01). No statistically significant
interaction was observed between vitamin D status and total magnesium intake. We further
conducted stratified analyses for vitamin D status, and the patterns for associations between
serum 25(0OH)D level and DSST score did not vary by gender, race/ethnicity or physical
activity levels (data not shown).

In additional stratified analyses by total magnesium intake and vitamin D status, joint effects
on cognitive function were analyzed (Table 4). We found that when compared to subjects
with insufficient vitamin D status (<50 nmol/l) and low total magnesium intake (<232 mg/
day), on average, a 5-point increase in DSST score was observed among those subjects with
a sufficient vitamin D status and in the third and fourth quartile of magnesium intake
(311-412 mg/day, and >412 mg/day) (B: 5.07; 95% CI: 2.65-7.49; and p=5.44; 95% CI:
1.88-9.01, respectively). However, no significant interaction was observed between
magnesium intake and vitamin D status on cognitive function (p interaction = 0.62).

Discussion

Utilizing data from two recent continuous NHANES cycles, we found that high total
magnesium intake was independently associated with better DSST scores. Moreover, the
positive association between magnesium intake and DSST score appeared stronger among
women, non-Hispanic whites, subjects who were moderately or highly physically active, and
subjects with a sufficient vitamin D status, although interactions were not statistically
significant. In addition, we found participants in the third quartile of either serum 25(OH)D
levels (81-98 nmol/L) or magnesium intake (311-412 mg/day) had reduced odds of cognitive
impairment compared to those in the lowest quartiles. Our results from the joint analysis
suggest a combination of sufficient magnesium intake (i.e. =311 mg/day comparable to
Recommended Dietary Allowance (RDA): 400 mg for men; 310 mg for women) and
adequate vitamin D status (=50 nmol/L) were associated with higher DSST score in this
older population.

Consistent with previous studies [3,10,19], our findings showed an inverse association
between serum 25(0OH)D level and odds of cognitive impairment (Ptrend = 0.05). The
association was stronger for the third quartile (81-98 nmol/L), which was consistent with
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previous reports that have suggested a non-linear (i.e. J-shaped vs. U-shaped) relationship of
vitamin D status with cognitive function and mortality [34-36]. However, a recent
randomized controlled trial found that vitamin D intake higher than the RDA had no effect
on preventing cognitive decline [21]. Vitamin D has been shown to elicit neuroprotective
effects by preventing oxidative stress, and this protective effect is concentration dependent
and is attained at moderate but not at low or high vitamin D concentrations [37,38].
Accordingly, our findings suggested that serum 25(OH)D concentration between 81-98
nmol/l may suggest an optimal level for reducing the risk of cognitive impairment in older
adults. However, prospective cohort studies are needed to confirm our results.

Magnesium has been found to interact with N-methyl-D-aspartate (NMDA) signaling,
prevent synapse loss, and reverse memory deficits in aged rats [39]. Experimental studies
have suggested that low magnesium levels may potentiate glutamatergic neurotransmission,
which creates a supportive environment for excitotoxicity, increasing oxidative stress and
neuronal cell death [40]. Abnormal glutamatergic neurotransmission has been implicated in
many neurological disorders [41]; therefore, magnesium may be an important nutrient in the
prevention and/or treatment of these conditions. The protective associations between high
magnesium intake and cognitive function or risk of dementia have been investigated in a few
epidemiologic studies [9-11]. In agreement with prior research [10,11,39], our study found
that higher intake of total magnesium was associated with a significantly higher DSST score
and reduced odds of cognitive impairment. In particular, we found that subjects with
sufficient vitamin D status and sufficient total magnesium intake had the strongest increases
in DSST score. Our novel findings are biologically plausible because body status of
magnesium and vitamin D and their interaction are critical for cognitive maintenance in
older adults. Animal and human studies have shown that higher serum 25(OH)D level
increased magnesium absorption in the intestine [16], and retention [42]. It is possible that
optimal magnesium intake produces beneficial effects on cognitive function only when
vitamin D status is sufficient, suggesting the important interactions between vitamin D and
magnesium homeostasis. However, another possible explanation is that the joint effect of
sufficient magnesium and vitamin D status could be the result of a healthy lifestyle effect,
those with healthier lifestyles are more likely to possess better cognitive function. In the
analyses we have adjusted multiple lifestyle factors to control their possible confounding
effects. Further studies are necessary to confirm this association, and to further assess the
biological mechanisms of the joint effects of magnesium and vitamin D on cognition.

A recent systematic review showed a positive correlation between physical activity and
cognitive function in the elderly [43]. In the current study, we found that higher magnesium
intake was associated with high DSST score only among those with moderate or high
physical activity level. This finding is plausible because magnesium plays an important role
in energy metabolism, and maintenance of skeletal muscle function and overall physical
functioning [13]. In a recent randomized controlled trial investigating effects of multi-
domain intervention on prevention of cognitive decline among older adults [44], subjects
receiving four intervention components including diet, exercise, cognitive training, and
vascular risk monitoring had significant improvements in overall cognition, executive
functioning, and processing speed compared to the control group over a two-year period
[44]. Meanwhile, nutrition counselling, one of the intervention domains, significantly
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increased dietary magnesium intake [45]. These results including current finding suggest
potential combined effect between magnesium and physical activity in older adults, although
the interaction was not statistically significant. More studies with larger sample size are
needed to replicate our findings.

In the current study, we found that total magnesium intake among older women was
positively associated with DSST score. This finding is biologically meaningful because of
the interactions between magnesium and estrogen in the brain. In older women, estrogen
deficiency has been reported to accelerate aging of the brain, cause diminution of brain
functional capacity, and increases the risk of brain degenerative processes [46].
Neuroprotective effects of magnesium include its antioxidant activity and blockage of the
calcium ion carrying channel which is regulated by beta-amyloid, the pathogenic factor for
Alzheimer’s disease [46]. Considering the evidence of a greater increasing rate of calcium
relative to magnesium intake in US women [47], and reduced cerebral blood flow observed
in older women, it is possible that high magnesium intake may show beneficial effects on
cognition through increasing cerebral blood flow and blocking of calcium. Further studies
are necessary to better understand potential modification of associations by gender.

The positive association between total magnesium intake and DSST score was stronger
among non-Hispanic whites in our study. One previous study found that non-Hispanic
whites had higher cognitive scores than Hispanics and non-Hispanic blacks across all age
groups [48], which may be in part due to disparities in socioeconomic status, educational
attainment, and differences in genetic or neurophysiological risk factors between racial/
ethnic groups. The relative small number of minority participants still limited our ability to
detect weak associations in each minority group. Further studies with a larger sample of
older minority adults are needed to understand the association in these populations.

The strengths of this study include NHANES study with nationally representative samples,
and a relatively large number of older adults providing the power to detect relative weak
associations. However, several limitations common to observational studies should be
mentioned. Due to the nature of cross-sectional studies, the temporal sequences may not be
clear. Although the DSST is highly sensitive for the detection of cognitive dysfunction and
assessed several cognitive domains, and impairment in any one of these domains could result
in poorer scores. The single DSST score limited our ability to determine which particular
cognitive domain has been impacted [49], and limited our ability to examine associations of
magnesium intake and vitamin D status with function of individual cognitive domain.
Accompanying tests would improve the assessment of cognitive function in this population,
including the supplemental use of the Mini Mental Status Examination (MMSEE) [50], or a
more intensive measurement such as magnetic resonance imaging (MRI) to assess clinical
signs of cognitive impairment. Furthermore, misclassification may occur in logistic analysis
since there is no well-defined cutoff for cognitive impairment utilizing the DSST. However,
this misclassification is likely to be nondifferential. Additional limitation is that vitamin D
status was reliance on single rather than serial measurements of serum 25(OH)D level,
which may not accurately reflect an individual’s long-term vitamin D status. However,
serum 25(0OH)D is a more stable metabolite with a half-life of 10-50 days, it has been
considered as a reliable indicator of vitamin D status [51]. Further, the method used in the
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NHANES has been considered to be the most accurate method and the gold standard to
measure vitamin D status [52]. Although multiple 24-hour dietary recalls are used as a gold
standard measure in nutritional epidemiological studies, a one-time 24-hour dietary recall
may not capture long-term dietary exposures. Self-reported dietary recall may result in both
random and systematic errors with the potential for recall bias to occur. We have adjusted for
many potential confounding factors, including total calcium intake and several medical
conditions associated with cognitive dysfunction, which enabled us to capture the
associations more accurately. However, the magnesium content of drinking water could not
be calculated. This may lead to nondifferential misclassification of total magnesium intake.

In conclusion, our findings suggest that participants who had high intake of magnesium or
those with optimal vitamin D status ranging from 81-98 nmol/I are associated with better
cognitive function. In particular, among those who had sufficient vitamin D status (=50
nmol/l), daily total magnesium intake meeting the RDA was related to better cognitive
performance, indicating that both optimal levels of serum 25(OH)D and adequate
magnesium intake may be required to protect against cognitive decline in older adults.
Further studies, such as long-term clinical trials of magnesium and vitamin D supplement,
are warranted to confirm the present results and to test the optimal range of serum 25(OH)D
level and healthy dosage of daily magnesium intake for older adults to prevent cognitive
decline.
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Participant characteristics by cognitive function status, NHANES 2011-2014 (n=2,466)

Table 1.

Cognitive Impairment

Characters Yes No
(n =583) (n=1,883) p-value

Age (vears) © 738(108)"  668(0.38)7 <001
Serum 25(0H)D (nmol/l) * 726(241)  gooig? <001
Daily nutrient intake 4

Total magnesium (mg) 23956207 31075327 <001
Total calcium (mg) 869.3(30.70)° 11015 (2492)F <001
Total energy intake (kcal) 14787 (346) 18493 (22.1)7  <0.01
BMI (kg/m?) 2770447  300(023° 096
Dietary supplement use, n (%) <0.01
Yes 105 (18.0) 483 (25.7)

No 478 (82.0) 1400 (74.3)
Race/ethnicity, n (%) * <0.01
Non-Hispanic White 179 (30.7) 1073 (57.0)
Non-Hispanic Black 193 (33.1) 351 (18.6)

Hispanic 184 (31.6) 268 (14.2)

Others 27 (4.6) 191 (10.2)

Sex, n (%)~ <0.01
Male 327 (56.1) 880 (46.7)

Female 256 (43.9) 1003 (53.3)

Education, n (%) <0.01
Less than high school 330 (56.6) 258 (13.7)

High school 132 (22.6) 444 (23.6)

Some college 83 (14.2) 623 (33.1)

College graduate 38 (6.5) 558 (29.6)

Physical activity level, n (%) <0.01
No and low 419 (71.9) 992 (52.7)

Moderate and high 164 (28.1) 891 (47.3)

Season of Exam, n (%) * 0.14
November to April 279 (47.9) 836 (44.4)

May to October 304 (52.1) 1047 (55.6)

Smoking Status, n (%) * <0.01
Never 273 (46.8) 939 (49.9)

Former 213 (36.5) 728 (38.7)

Current 97 (16.6) 216 (11.5)

Alcohol Use, n (%)* <0.01
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Cognitive Impairment
Characters Yes No
(n =583) (n=1,883) p-value
Never 114 (19.6) 249 (13.2)
Former 232 (39.8) 447 (23.7)
Current 237 (40.7) 1187 (63.1)

3 .
Values shown are median and (standard error)
*
Unweighted frequency counts and weighted percentages shown.

1 . . . .
Others: included non-Hispanic Asian and Other Race.
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Table 2.

Linear and logistic regression models for associations of vitamin D status and total magnesium intake with
DSST score and cognitive impairment status in NHANES 2011-2014

1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Yes/No B (95% cnt OR (95% CI)°
Serum 25(OH)D level (nmol/L)
Q, <63 252/624 Referent Referent
Q, 63-80 138/427
M; -0.72 (-2.94,1.50)  0.86 (0.57, 1.30)
M, -0.82 (-3.08,1.44)  0.86 (0.57, 1.30)
Q; 81-98 96/432
M, 0.29 (-1.83,2.41)  0.56 (0.36, 0.86)
M, -0.00 (-2.05, 2.04)  0.56 (0.36, 0.87)
Q4 >98 97/400
M, 1.21(-0.14,2.56)  0.72 (0.47, 1.09)
M, 0.90 (-0.52,2.32)  0.73(0.48, 1.10)
P trend 0.17 0.05
Total magnesium intake (mg/day)
Q<232 263/543
Q, 232-310 153/463
M, 2.51(0.55,4.48)  0.80 (0.51, 1.25)
M, 2.48(0.48,4.47)  0.80 (0.52, 1.25)
Q; 311-412 79/450
M, 412 (2.08,6.16)  0.43(0.28, 0.66)
M, 4.04(2.03,6.04)  0.42(0.27, 0.66)
Q4 >412 88/427
M, 4.44(1.25,7.63)  0.72(0.39, 1.33)
M, 434(1.14,754)  0.71(0.38, 1.33)
P trend <0.01 <0.01

1 . . .
Survey linear regression models used to estimate  and 95% Cls.

1duosnuen Joyiny

2 - . .
Survey logistic regression models used to estimate ORs and 95% Cls.

M1 were adjusted for age, sex, race/ethnicity, education, season of exam, BMI, smoking status, physical activity, alcohol use, diabetes status,
history of cancer, history of heart attack, history of stroke, dietary intakes of total energy, and total calcium intake.

M2 were additional mutually adjusted for serum vitamin D and total magnesium intake.
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Table 3.

Page 16

Linear associations of total magnesium intake with cognitive impairment status stratified by selected factors,
NHANES, 2011-2014

Total Magnesium Intake Low High #
(mg/day) (n=583) (n=1,883) B (95% ClI)
Male
Q<232 130 193 Referent
Q, 232-310 91 194 1.03 (-2.06, 4.12)
Q,311-412 a4 235 3.42(0.91, 5.93)
Qy>412 62 258 2.91 (-0.52, 6.34)
P trend 0.61
Female
Q<232 133 350 Referent
Q, 232-310 62 269 3.20 (0.42,5.99)
Q3 311-412 35 215 3.80(0.82, 6.77)
Q4 >412 26 169 5.61 (1.58, 9.63)
P trend 0.01
Pinteraction 0.45
Non-Hispanic White
Q<232 82 280 Referent
Q, 232-310 49 266 2.53 (0.13, 4.95)
Q3 311-412 19 268 4.40 (1.97, 6.84)
Q4 >412 29 259 4.97 (1.37,8.57)
P trend 0.04
Other Race/Ethnicity 1
Qq <232 181 263 Referent
Q, 232-310 104 197 1.40 (-1.02, 3.81)
Q;311-412 60 182 2.10 (0.21, 4.00)
Qy>412 59 168 0.55 (-3.24, 4.33)
P trend 0.51
P interaction 0.31
Low/No Physical Activity
Q<232 196 335 Referent
Q, 232-310 110 257 2.01 (-0.90, 4.92)
Q; 311-412 49 222 4.85 (1.26, 8.44)
Q4 >412 64 178 3.91 (-0.43, 8.26)
P trend 0.04
Moderate/High Physical Activity
Q<232 67 208 Referent
Q, 232-310 43 206 3.17 (1.32,5.03)
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Total Magnesium Intake Low High #
(mg/day) (n=583) (n=1,883) B (95% ClI)
Q3 311-412 30 228 3.66 (1.63, 5.70)
Q4 >412 24 249 5.68 (2.66, 8.70)
P trend <0.01
P interaction 0.17

Q<232
Q,232-310
Q;311-412
Q4 >412

P trend

Q, <232
Q, 232-310
Q3 311-412
Q4 >412

P trend

P interaction

Serum 25(OH)D level (<50 nmol/L)

85 140 Referent

34 67 -0.31 (-3.11, 2.48)

18 69 1.23(-3.84,6.31)

19 45 0.86 (—6.54, 8.25)
0.72

Serum 25(OH)D level (>=50 nmol/L)

178 403 Referent
119 396 2.87 (0.52,5.21)
61 381 4.45 (1.91, 7.00)
69 382 4.77 (1.08, 8.46)
<0.01
0.68

Page 17

Adjusted for age, sex, race/ethnicity, BMI, smoking status, activity, alcohol use, total calcium intake, history of cancer, education, season of exam,

history of heart attack, diabetes status, history of stroke, total energy intake and serum 25(OH)D levels.

'ZOther race/ethnicity: included non-Hispanic Black, Hispanic, non-Hispanic Asian, and Other Race.
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Table 4.

Joint effect of serum 25(OH)D level and magnesium on cognitive function measured as a DSST score

Serum 25(OH)D <50 nmol/L ~ Serum 25(OH)D =50 nmol/L

Magnesium Intake

(mg/day) B (95% CI) B (95% CI)

Q<232 Referent 0.73 (-2.17, 3.63)
Q, 232-310 1.44 (-2.86, 5.16) 3.43(0.72, 6.15)
Qs 311-412 3.91 (-0.86, 8.68) 5.07 (2.65, 7.49)
Qs >412 4.99 (-2.19, 12.16) 5.44 (1.88, 9.01)

*
Adjusts for age, sex, race/ethnicity, education, season of exam, BMI, smoking status, physical activity, alcohol use, total calcium intake, history of
cancer, history of heart attack, diabetes status, history of stroke, and total energy intake.
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