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Abstract.

BACKGROUND: Increase in dementias globally is a burden to patients, caregivers, the healthcare system, and the com-
munities in which they live. Understanding nutritional patterns and how they may impact the prevention of these conditions
will be critical moving forward. The known impact of minerals such as potassium and magnesium on conditions such as
hypertension, oxidative stress, and inflammation — all of which directly impact cognitive health — warrant further study as to
their potential direct effects on cognitive function.

OBJECTIVE: To determine if low potassium and magnesium blood levels and dietary intakes are associated with cognitive
decline in middle-aged adults over a 6-year span.

METHODS: Linear regression models were used to describe the associations between potassium and magnesium intakes
and cognitive function scores of participants in the Atherosclerosis Risk in Communities Study (ARIC) dataset over 6 years
of follow up. Associations with blood values were also assessed. Variables controlled for included total HEI score, a measure
of dietary quality. 9,044 participants were included. All linear regression models were run with a 95% confidence interval.
RESULTS: Levels of blood potassium and magnesium, in univariate as well as in multivariate analysis were found to have
no significant association with cognitive decline. Likewise, intake levels of both minerals were shown to have no significant
association with cognitive function.

CONCLUSIONS: In 9,044 participants, ages 44 to 66, potassium and magnesium intake and blood serum levels were found
to have no significant association with cognitive decline in fully controlled models over 6 years in the ARIC cohort.
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1. Introduction normative, the focus of this study, can be indicative
of dementias and Alzheimer’s disease [1]. It is for
this reason that cognitive decline has been noted as

an important issue worldwide since 2008 when the

Cognitive decline is defined by the APA Dic-
tionary of Psychology as “the reduction in one of

more cognitive abilities, such as memory, aware-
ness, judgement, and mental acuity, across the adult
lifespan” [1]. Although some cognitive decline is a
part of healthy aging, cognitive decline that is non-
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WHO included dementia as part of its Mental Health
Gap Action Programme [2]. With nearly 10 million
cases added annually, by 2030 an estimated 82 mil-
lion people worldwide will be living with dementia
with an expected increase to 152 million by 2050
[3]. An estimated $818 billion dollars is spent glob-
ally on dementia with approximately 85% of the cost
burden falling to families and socially related costs
as opposed to medical care [3]. Even mild cognitive

ISSN 2451-9480 © 2023 — The authors. Published by IOS Press. This is an Open Access article distributed under the terms
of the Creative Commons Attribution-NonCommercial License (CC BY-NC 4.0).


mailto:amanda.harner@uga.edu
https://creativecommons.org/licenses/by-nc/4.0/

184 A.E. Harner and M.M. Root / Potassium and magnesium and cognitive decline

decline, the earliest objective evidence of cognitive
deficits, [4] is of concern given the marked increase
in the prevalence and cost of these milder cases. By
2010 it was clear that genetic factors play a role in
dementias, [5] and more robust study was encouraged
toward prevention of cognitive decline, a precursor to
dementia [2, 5]. A decade later extensive research has
pointed to twelve risk factors of which five are known
to be impacted by diet (obesity, hypertension, physi-
cal inactivity, alcohol intake, and diabetes) [5, 6].

The known impact of diet on obesity, hyperten-
sion, and diabetes has resulted in investigations into
diets and cognitive decline. Most notably the Mediter-
ranean Diet has demonstrated positive impacts on
prevention of cognitive decline [7]. The Dietary
Approaches to Stop Hypertension (DASH) Diet, sim-
ilar to the Mediterranean Diet, encourages the intake
of foods rich in potassium and magnesium. Studies
have shown a positive effect on cognitive function
through the DASH Diet [8, 9] though fewer stud-
ies have been conducted on DASH compared to the
Mediterranean Diet [10]. Both the Mediterranean
and DASH Diets have been demonstrated to reduce
inflammation and oxidative stress [11, 12]. Inflam-
mation and oxidative stress are both contributors
to hypertension, diabetes, and obesity, and are also
known factors in mild and severe cognitive decline
[13].

Micronutrients can play a role in reducing and mit-
igating inflammation and oxidative stress. Potassium
and magnesium are both important micronutrients
found not only in animal food sources, but also in
a wide variety of plant-sources such as legumes,
leafy greens, nuts, potatoes, fruits, and vegetables
all of which are included in the Mediterranean diet.
Studies have pointed to risk of dementia, espe-
cially vascular dementia, being lower in those with
higher intakes of magnesium and potassium [14].
Recommended dietary allowances (RDA) of magne-
sium for middle-aged women between the ages of
44 and 66 is 320 mg/day and 420 mg/day for men.
The adequate intake (AI) for potassium for middle-
aged women is 2,600 mg/day and 3,400 mg/day for
men [15].

Magnesium has gained attention in cognitive
decline studies due to the biochemical and physiolog-
ical impacts in which magnesium deficiencies result.
Magnesium deficiency has been linked to free radical
production, oxidative tissue damage, inflammation,
and vasospasm in cerebral arteries [9]. Furthermore,
low magnesium has been shown to increase the risk
of stroke, atrial fibrillation, diabetes and other cardio-

vascular diseases [14, 16]. Normal blood magnesium
levels for adults are 1.5-2.0 mEq/L [17].

Potassium’s impact on cognition is less clear
than magnesium’s, with various studies resulting
in contradictory findings. One explanation for this
may be that potassium has a protective effect only
in early stages of dementia [14, 18]. A study on
Mexican-Americans found a connection between
serum potassium levels and mild cognitive impair-
ment [18]. Normal blood potassium levels for adults
are 3.5-5.0 mEg/L [19]. Though evidence supports
potassium and magnesium having an effect on cog-
nition, it is unclear to what degree, under what
circumstance, and by what mechanism [14]. Further
research of these minerals and cognition needs to
account for design weaknesses of previous studies
and isolate the unique contributions of magnesium
and potassium.

The objective of this study is to investigate the
impact of both dietary and blood levels of potas-
sium and magnesium on non-normative cognitive
decline within the Atherosclerosis Risk In Commu-
nities (ARIC) cohort.

2. Materials and methods
2.1. Participants

This publication was prepared using the
Atherosclerosis Risk In Communities (ARIC)
Research Materials obtained through the National
Heart Lung Blood Institute (NHLBI) Biologic
Specimen and the Data Repository Information
Coordinating Center and does not necessarily
reflect the opinions or views of the ARIC research
groups or the NHLBI. The Institutional Review
Board of Appalachian State University approved the
acquisition and use of the ARIC dataset [20].

The ARIC Study is a prospective epidemiologic
study sponsored by the NHLBI. ARIC was designed
to reveal causes of atherosclerosis through the
enlistment of 15,792 participants from four U.S. com-
munities (Washington County, MD, Forsyth County,
NC, the city of Jackson, MS, and select suburbs of
Minneapolis, MN). ARIC methodology details are
described elsewhere [21].

Robust examinations were conducted on each
participant including the capture of information of
particular interest to this publication including cog-
nitive function, dietary intake, certain covariates and
blood plasma measurements of potassium and mag-
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nesium. Baseline for participants was established
between 1987 and 1989 at Visit 1 with follow-up
examinations occurring between 1990 to 1992 for
Visit 2, 1993 to 1995 for Visit 3, and 1996 to 1998
for Visit 4. Food frequency questionnaire (FFQ) data
from Visits 1 and 3 were used for assessing mineral
intakes; data from Visits 1 and 2 were used for blood
plasma mineral levels; cognitive function changes
were assessed from Visits 2 and 4; relevant covariate
data from Visit 1 were utilized for the current study.

2.2. Dietary intake

Trained interviewers administered a modification
of the Willet FFQ [22] to assess dietary intake.
Ninety nutrients and food constituents were analyzed
through the FFQ including those of interest in this
study, potassium intake and magnesium intake. Par-
ticipants were asked how often on average they had
consumed each food during the preceding year with
nine responses possible ranging from “almost never”
to “greater than 6 times a day”. Daily nutrient intake
was calculated by multiplying the nutrient content
of the specified portion of each food item by the
frequency of its estimated daily consumption and
summing over all items. For this study, the HEI-2015
scoring [23, 24] was adapted to the ARIC FFQ [25].
A minor change was required in calculating the fatty
acid HEI component score using vegetable oil (grams
per day) from the nutrient data rather than the sum
of mono and poly unsaturated fatty acids. The HEI-
2015 was assessed with higher scores being healthier
[23-25]. Determination of the relationship between
magnesium and potassium intake and cognitive func-
tion score was controlled by using the HEI-2015 score
as a measure of dietary quality [25]. Both magne-
sium and potassium in the diet come from generous
fruit and vegetable intake often reflecting a generally
healthy diet. In order to separate the unique effects of
these dietary minerals from that of a generally healthy
diet, HEI-2015 was used as a covariate.

2.3. Cognitive assessment

Following the method used by Root et al. [26] the
change in cognitive function over 6 years between
visits 2 and 4 were calculated. Cognitive function was
measured using three cognitive tests: delayed word
recall test, the revised Wechsler Adult Intelligence
Scale (WAIS-R) digit symbol subtest, and the word
fluency test of Multilingual Aphasia Examination

[27]. Trained interviewers administered cognitive
tests in a quiet room and in standardized order.
Interviewers were recorded on tape during the admin-
istration of the tests with each subject then a sample
of testing sessions was reviewed for consistency of
mean scores captured by various interviewers [28].

The delayed word recall test is scored on a 10-
point scale giving one point for each of the 10
common nouns recalled by the participant following
a 5-minute interval. The 5-minute interval is marked
by the engagement of the participant in a psychome-
tric test after which the participant is asked to recall
the 10 common nouns by incorporating them into
sentences to obtain their score. This test measures
verbal learning and recent memory and showed high
6-month test-retest reliability [29].

The revised WAIS-R digit symbol subtest [30] is
a timed psychomotor performance test where par-
ticipants are given a symbol key, pencil, and paper
then asked to translate numbers 1-9 to their symbol.
Scores are based on the correct number of numbers
translated to symbols in a 90 second time frame, with
93 as the highest score possible. For most adults, the
test is not affected by learning, memory, or intellec-
tual ability and has a high reliability for short-term
test-retest in middle-aged individuals.

The word fluency test prompts participants through
three trials to use given letters (F, A, and S) to form
as many words as the participant is able in 60 sec-
onds. The total number of words generated over the
three attempts is the score value given to the partici-
pant. Though sensitive to linguistic impairments and
cognitive decline in the elderly, the immediate test-
retest reliability of the word fluency test has been
demonstrated [31].

In this study the three test scores were combined
to create a unified score of cognitive decline over 6
years. The difference of the test scores at visit 2 from
visit 4 was taken for each test and divided by the
standard deviation of the difference. A final score of
change in cognitive function was created by summing
the three standardized scores for each subject [26].
Subjects, on average, slightly declined in cognitive
function over time (mean =-0.56).

2.4. Other measurements

Standardized interviews were used to obtain self-
reported data from participants at visit 1, including
education level, ethnicity, and current smoking status.
Education level was grouped by years of education
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completed in three categories: less than a high school
degree, a high school degree, or a 4-year college
degree. Ethnicity was reported as either Black or
non-Black. Current smoking status was determined
to be “yes” if participants answered “yes” to both
questions: “Have you ever smoked cigarettes?”; “Do
you now smoke cigarettes?” Ethanol measurements
were used to control for alcohol intake in the cur-
rent study. Ethanol intake was determined through
the FFQ’s solicitation of how many grams of ethanol
were consumed for each participant on a weekly basis
[26].

Biospecimens measuring plasma levels of potas-
sium and magnesium were collected by ARIC
certified technicians at Visits 1 and 2 [32]. An average
of the plasma measures for potassium and magne-
sium from Visits 1 and 2 were determined for each
participant.

Participants who responded “yes” to the question,
“Have you ever been told by a physician that you had
a stroke, slight stroke, transient ischemic attack or
TIA?” at either visit 1 or visit 4 were combined and
controlled for within the linear regression [33].

2.5. Statistical analysis

Participants were excluded based upon lack of data
for nutrient intake, blood chemistry, covariates, or
cognitive function test scores. Data from visits 1
through 4 were used for analysis of the population.

Linear regression models were created for potas-
sium and magnesium intake versus the cognitive
function change scores while controlling for age,
gender, race, total caloric intake, education level,
alcohol intake, smoking status, stroke diagnosis, and
total HEI-2015 score. For blood levels of potassium
and magnesium, the linear regression models created
were the same as intake except that the HEI-2015
score was not included.

3. Results

After exclusions were accounted for, a total of
9,044 participants were included in the present study
for the dietary analysis and 9,074 participants were
included in the blood analysis (Fig. 1). Table 1 illus-
trate the cohort’s demographic make-up including
education level, current smoking statues (19.8%), and
reported stroke at visit 1 (1.4%). The predominantly
male (55.1%) cohort of middle-aged adults (44—66

years old) were consuming a typical American diet
(HEI=60=9) [34]. Most participants identified as
White leaving only 17.2% of the present study’s
cohort with identification as Black. Mean potassium
and magnesium blood chemistry results fell within
the normal range for the subjects [35]. The mean cog-
nitive function change score shows a decline over six
years as would be expected with the aging process of
the participants.

Table 2a and 2b describe the linear regressions per-
formed on participants’ blood serum potassium levels
(Table 2a) and potassium intake levels (Table 2b).
Linear regression models controlling for age, race,
gender, stroke at visit 1, alcohol intake and cur-
rent smoking status clearly demonstrate the ARIC
participants’ blood potassium levels were not sig-
nificantly tied to cognitive function score outcomes
(p-value =0.259). Likewise, potassium intake in
the participants was shown to be non-significantly
associated with cognitive decline in multivariate
models that included total HEI-2015 scores (p-
value =0.659).

Linear regression model results for magnesium
blood serum levels and magnesium intake through
dietary measures can be seen in Table 3a and 3b.
Similarly, to the assessment outcomes for potassium,
magnesium findings were nonsignificant. Magne-
sium blood levels were shown to be more impactful
than potassium on cognitive function, but ultimately
proved to be nonsignificant (p-value =0.085) over a
six-year assessment in multivariate models. Addi-
tionally, all multivariate linear regressions which also
included HEI-2015 scores produced findings which
were not significant (0.916).

4. Discussion

Cognitive decline within the ARIC population of
middle-aged adults was not found to be directly asso-
ciated with potassium and magnesium when assessed
through blood serum and dietary intake. Interest-
ingly, when linear regression was performed with
magnesium blood serum levels and cognitive func-
tion scores the p-value moved closer to significance
as we considered demographics and then again when
demographics and multivariate were considered (uni-
variate: p-value 0.181; demographic: p-value 0.128;
multivariate: p-value 0.085). In the remaining analy-
ses, the opposite trend occurred.

Though race and education were controlled for in
this study, the overall design of the current study
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Visit 1
Cohort n = 15,028

Exclusion Criteria:
Covariate data missing
Age: 45
Gender: 45
Race: 45
Education level: 69
Stroke: 462
Alcohol: 145
Smoking: 54
Valid n= 14,464
Dietary data valid
Total HEI valid = 11,527

Total Dietary Subjects &
Covariates
n=11,148

Exclusion Criteria:
Blood serum data for potassium
missing n = 2,010
Blood serum data for magnesium
missing n = 2,012

Total Blood Measurements
& Covariates

n=12,996

total with dietary n = 10,899

Exclusion Criteria:
Cognitive Function data
missing n= 2,012

Total Cognitive Function Subjects

& Covariates

n=9,664
Lost To Follow-up:
n=5,984

Current Study Cohort

n= 9,044 for dietary
n = 9,074 for blood serum

Fig. 1. Cohort flow chart.

did not specifically allow for comparison of genders, magnesium towards cognitive decline. Further stud-
race, socio-economic level, or education levels on ies to compare the aforementioned are needed to more
HEI scores and associations between potassium and fully inform existing research on dietary minerals and
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Descriptive characteristics of the participants from ARIC in the present analysis (n =9,044)

Characteristic Frequency Percent

Male 4980 55.1

Black 1557 17.2

College graduate 3615 40.0

Current smoker 1792 19.8

Stroke diagnosis 128 14

Characteristic Mean Standard Deviation Minimum Maximum

Age at visit 1 (years) 54.1 5.7 44 66

Alcohol Intake (grams/week) 42.9 90.7 0.0 1481

Total HEI score (%) 60.0 9.18 242 88.3

Total energy (kcals) 1617 517 537 4086

Blood levels of potassium (mmol/L) 4.31 0.35 2.65 5.80

Potassium intake

(mg/day) 2680 830 520 7870

Blood levels of magnesium (mEq/L) 1.63 0.13 0.85 2.15

Magnesium intake

(mg/day) 256 82 59 792

Standardized cognitive function score —0.56 1.85 -12.21 12.70
Table 2a Table 3a

Association between blood levels of potassium and standardized
cognitive function scores

Association between blood levels of magnesium and standardized
cognitive function scores

Model B! 95% Confidence Interval ~ p-value Model B3 95% Confidence Interval ~ p-value

Univariate -0.087 —0.189, 0.015 0.093 Univariate 0.189 —0.088, 0.466 0.181

Demographic*  —0.071 -0.175, 0.034 0.185 Demographic®  0.218 -0.063, 0.500 0.128

Multivariate® -0.062 —-0.169, 0.045 0.259 Multivariate® 0.252 -0.035, 0.539 0.085
Table 2b Table 3b

Association between potassium intake and standardized cognitive
function scores

Association between magnesium intake and standardized cognitive
function scores

Model B? 95% Confidence  p-value Model B* 95% Confidence  p-value
Interval Interval

Univariate —-0.028 -0.073, 0.016 0.217 Univariate -0.040 —0.086, 0.005 0.080

Demographic? —-0.018 -0.062, 0.027 0.438 Demographic? -0.028 —-0.074, 0.017 0.223

Multivariate® -0.025 -0.100, 0.049 0.507 Multivariate® -0.037 -0.111,-0.037 0.327

Multivariate w/ HEI¢ 0.021 -0.071,0.113 0.659 Multivariate w/ HEI¢ 0.005 —0.087, 0.097 0.916

1: Beta represents change in Cognitive Function score per increase
in 1 mmol/l of potassium in the blood. 2: Beta represents change
in Cognitive Function score per 1000 mg increase in potassium
intake per day. a: Demographic Linear Regression controls for
age, gender, race. b: Multivariate Linear Regression controls for
demographics, education level, stroke diagnosis, alcohol intake,
and smoking status. c: Multivariate Linear Regression controls for
demographics, education level, stroke diagnosis, alcohol intake,
smoking status, and total calories. d: Multivariate Linear Regres-
sion w/HEI-2015 controls for intake multivariate variables and
HEI-2015 Score.

cognitive decline. Age can be closely associated with
health implications as well. Most cognitive decline
studies have been conducted on older populations, but
to understand how nutrition specifically relates to pre-

3: Beta represents change in Cognitive Function score per increase
in 1 mmol/l of potassium in the blood. 4: Beta represents change
in Cognitive Function score per 100 mg increase in magnesium
intake per day. a: Demographic Linear Regression controls for
age, gender, race. b: Multivariate Linear Regression controls for
demographics, education level, stroke diagnosis, alcohol intake,
and smoking status. c: Multivariate Linear Regression controls for
demographics, education level, stroke diagnosis, alcohol intake,
smoking status, and total calories. d: Multivariate Linear Regres-
sion w/HEI-2015 controls for intake multivariate variables and
HEI-2015 Score.

vention of cognitive decline, dementia, or the severity
of such conditions, studies might need to be con-
ducted in younger populations, ideally over longer
periods of time. Further study attempting to isolate
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the biological implications of low potassium and
magnesium through diet and blood serum on cogni-
tive health and risk for cognitive decline as a result is
needed in younger populations. Furthermore, socio-
cultural conditions which affect health outcomes and
access to proper nutrition should be considered in
younger population studies moving forward [36].
Previous studies have shown mixed results when
examining the effects of magnesium and potas-
sium on cognitive decline. In 2018 a study looking
at community-dwelling older adults (74 &3 years)
demonstrated that though a higher incident of
cognitive decline was associated with a higher potas-
sium/sodium dietary ratio, potassium intake was
not independently associated with cognitive decline
[37]. However, when two Mexican-American stud-
ies (FRONTIER and HABLE) were considered in a
2018 case-control study comparing 510 participants,
high blood potassium was shown to be a predictor
of mild-cognitive decline (OR =3.1; p-value = 0.018)
[18]. Participants were >50 years of age and indi-
viduals with mild cognitive impairment and normal
controls were comparable to each other in health sta-
tus and socio-economic makeup. Studies focusing on
magnesium have been more consistent in their find-
ings. A 2020 study on low serum magnesium in the
ARIC cohort found that the lowest quintile of serum
magnesium within the study had a higher incident
rate (24%) of dementia compared to those in the top
quintile, but low midlife serum magnesium did not
appear to impact rates of cognitive decline [16].
Hypertension has been shown to predict cogni-
tive decline and when present in midlife it has some
of the strongest evidence for cause of cognitive
decline [6, 38]. The presence of hypertension impairs
cerebral blood flow because it compromises arterial
structures involved in this process leading to inflam-
mation and oxidative stress [39]. Both magnesium
and potassium have been recognized, independently,
as minerals that have an impact on hypertension.
Individuals with a low-level of either mineral tend
to have elevated blood pressures and those with
higher levels have better blood pressure readings [40,
41]. In addition, both minerals have been shown to
promote protection against hypertension and stroke
[14]. Potassium-sparing diuretics have been shown
to not only intervene in hypertension, but also have
a positive impact on cognitive function [42]. Dietary
sodium is known to impact cerebrovascular function
and blood flow; thus, the known functions of potas-
sium point strongly to it as a potential counter to the
effects of high sodium [37] and hypertension. It was

beyond the scope of this study to control for hyper-
tension medications, however future research would
benefit from well-designed studies which consider
the interrelationship hypertension medications have
on potassium and magnesium and vice versa.

One of the strengths of this study was the examina-
tion of blood serum levels of the minerals, potassium
and magnesium, as well as the dietary intake effects
on cognitive decline. Previous studies investigating
these two minerals either looked at dietary intake and
cognitive decline or blood serum levels as opposed to
looking at both. Furthermore, most studies looked at
magnesium and potassium separate from each other.
HEI scores can be thought of as a grade for an
individual or cohort, which signifies how well they
are meeting the Dietary Guidelines set forth by the
USDA. As of 2021 the average HEI-2015 score for
an American 60+ years of age was 61 out of a pos-
sible high score of 100 and of the typical 18- to
64-year-old they score a 58 out of 100 [34]. The
current cohort falls within this range (HEI=60 4 9)
making this a strength of the current study. More
importantly, the use of HEI-2015 allowed for the
current study to control for a generally healthy diet
while comparing mineral intakes with cognitive out-
comes making the current studies use of HEI scores
a unique strength. Previous studies which showed
an association between low potassium and magne-
sium in cognitive decline were often not designed to
demonstrate potassium and magnesium as indepen-
dent risk factors as opposed to simply markers for a
generally healthy diet.

Several limitations can be noted from the current
study. First, the wider the intake range the more likely
an association would be clear. The current study was
limited by a narrow range of potassium and magne-
sium intakes. The blood serum range for potassium
was 2.65 —5.80 (mmol/L) with a standard deviation of
0.35. For magnesium there was a blood serum range
of 0.85 —2.15 (mEq/L) with a standard deviation of
0.13. Another limitation of the current study is the
short follow-up period (6 years) limiting the examina-
tion of associations over a longer period. Further, the
cohort age span was 44-66 years of age limiting the
exploration into the association between potassium
and magnesium and cognitive decline over earlier
periods of the lifespan. The design of the ARIC study,
whose data we borrowed, limited the social deter-
minants of health variables we could use. We did
not explore, for example, socioeconomic factors like
insurance instability. Lastly, the original design of
the ARIC study only included two races: blacks and
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whites. This limits the ability of the current study
in its representation of American racial demograph-
ics. Furthermore, the black population for the ARIC
study was taken from Mississippi and represented a
lower economic population than their white coun-
terparts represented in the study who were taken
from three other communities in the US (Washington
County, MD, Forsyth County, NC, and select suburbs
of Minneapolis, MN) with increased socio-economic
advantages.

The results presented on the current study con-
tributes to the existing data examining the impact
of dietary minerals on cognitive decline in middle-
age populations. Though the current study results
were not significant, future studies may examine the
interaction of these minerals with hypertension in the
onset of MCI and cognitive decline. Further studies
of the socio-cultural factors are needed as well as
studies of the role of hypertension and hypertension
medications.
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