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Abstract

Background: Recent evidence suggests that increasing dietary intake of minerals reduces the
risk of dementia. This study aimed to examine the relationship between potassium and diag-
nosis of mild cognitive impairment (MCI) in a sample of older Mexican-Americans from rural
and urban populations. Methods: The sample was formed of a total of 139 participants with
MCI and 371 normal controls from two independent cohorts: a rural cohort (Facing Rural Ob-
stacles to Healthcare Now through Intervention, Education and Research [Project FRONTIER])
and an urban cohort (the Health and Aging Brain among Latino Elders [HABLE] study). Serum
electrolytes examined were sodium and potassium. Age and education were entered in the
model as covariates. Results: Across both cohorts, the Project FRONTIER (OR = 3.1; p = 0.01)
and the HABLE Project (OR = 2.0; p = 0.04), the results indicated that serum potassium levels
significantly increased the risk of diagnosis of MCI. Conclusion: Our finding suggested a link
between serum potassium levels and a diagnosis of MCl in Mexican-Americans. The results
of this study support a previous research which has suggested that the risk factors for MCl

may vary by ethnicity. © 2018 The Author(s)
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Introduction

Alzheimer disease (AD), the most common form of dementia, affects more than 5 million
Americans, placing a tremendous strain on our healthcare system [1]. Due to the severity of the
problem, research on potentially modifiable risk factors has increased, including the investi-
gation of the role of diet in the onset and prevention of AD [2]. Recent guidelines [3] for AD
prevention addressed such dietary factors as saturated fat and trans fat intake, vitamins (espe-
cially vitamins E and B;;), and the intake of vegetables, legumes, and fruits. Higher levels of the
minerals iron and copper were identified as being related to increased risk for AD but the role of
other minerals (such as potassium) in cognitive decline was not addressed. The literature on
minerals and cognitive impairment associated with dementia is limited. Ozawa et al. [4] studied
a community-based Japanese cohort investigating the relationship of self-reported dietary
intake of potassium, calcium, and magnesium and the occurrence of dementia over a 17-year
period. They found that increased dietary intake of potassium, calcium, and magnesium reduced
the risk of all-cause dementia especially vascular dementia. The risk of AD tended to decrease
with higher reported dietary mineral intake, but there was no significant linear progression. In
another study assessing potassium and cognitive abilities, Cisternas et al. [5] used an animal
model of AD to find that increased potassium yielded reduced markers of oxidative stress and
inflammation and improved cognition. Additionally, potassium was related to a change in the
aggregation pattern of Af peptide and a reduction in tau phosphorylation. Mielke et al. [6] inves-
tigated the relationship between potassium and Af42, a cerebrospinal fluid marker that was
decreased in AD in a prospective population-based study of 1,622 women over a 24-year period.
An association was found between higher serum potassium and higher levels of AB42 in 1968
and 1974, but notin later years, suggesting that potassium is associated with dementia in midlife
but not late life. Similar patterns have been found in studies of other vascular risks, such as
hypertension [7], high cholesterol [8], and obesity [9]. Despite the growing literature on the rela-
tionship of potassium to AD, there has been little research on the relationship of potassium to
mild cognitive impairment (MCI). MCI is defined as a decline in cognition that does not meet
criteria for dementia but is not normal for the individual’s age and does not significantly impair
daily functioning [10] and frequently progresses to dementia [11]. Cherbuin et al. [12] investi-
gated the relationship of dietary mineral intake to MCI and other mild cognitive disorders.
Although intake of iron, magnesium, and potassium were found to be associated with the risk of
progression from normal aging to MCI and mild cognitive disorders, potassium was found to be
negatively related to progression to MCI, so that these investigators surmised that it may be a
protective factor earlier in the disease process, but becomes a risk factor closer to the time of
clinical diagnosis. Although the relationship of potassium to cognitive decline is complex, there
is evidence that dietary potassium may have a role in the development of MCI and AD. However,
recent studies have not assessed ethnicity as a variable that may affect the relationship. The
Mexican-American population is rapidly expanding and represents the fastest aging segment of
the US Hispanic population. The literature on AD and dementia in Mexican-Americans shows
that they tend to be diagnosed at a younger age, are diagnosed at a more advanced stage of
progression and have a disproportionate burden of vascular and other modifiable risk factors
[13, 14]. Research on the potassium intake among Mexican-American children has shown that
the vast majority have higher sodium intake and lower potassium intake than children from
other ethnicgroups [15]. A study of Mexican-American women found that the intake of potassium
was lower than established standards in 70% of the study population [16]. These studies suggest
that Mexican-Americans may be at risk for low dietary potassium intake which may impact
cognition and the development of MCI. Potassium comes primarily from fruit and vegetable
intake [17]. There are reported differences in potassium intake between urban and rural
Mexican-Americans [18] that may affect the potassium/MCI relationship. The current study
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investigates the association of potassium levels and the diagnosis of MCI in a sample of Mexican-
Americans. Additionally, urban versus rural effects were analyzed in light of recent research that
has shown multiple differences between these groups.

Methods

Atotal of 510 Mexican-American participants aged 50 and older were recruited from two
independent cohorts (Project FRONTIER and the HABLE Study). Project FRONTIER [19] is a
study of rural health designed to examine factors affecting cognition. The HABLE is a study
examining factors affecting cognition in Hispanic elders in an urban setting. The recruitment
and research protocols for both studies are similar. Both studies used a community-based
participatory research approach. Participants were recruited through a variety of methods
such as: brochures/flyers, presentations and events, in-person and/or door-to-door solici-
tation as well as snowball recruitment. Recruitment is generally completed by community
recruiters. To be included in the study, a participant must be >50 years old.

Following completion of the consent process, the participants underwent an interview
(participant and informant), standardized medical examination, clinical labs, and neuropsycho-
logical testing. Consensus diagnoses of medical, psychiatric, and cognitive conditions were
assigned by a panel of clinical experts consisting of psychologists, geriatric psychiatrists, geriatri-
cians, and neuropsychologists according to standard criteria. The following diagnoses were
assigned to participants: normal cognition (no observed deficits on cognitive examination and
no self- or informant report of cognitive dysfunction adapted from the Mayo criteria) [20], age-
associated cognitive impairment [21], MCI [22], AD [23], vascular dementia [24], or dementia
not otherwise specified (meets criteria for dementia but does not fit into one of the other cate-
gories). Participants who were classified as cognitively normal controls performed within
normal limits on all psychometric assessments. All participants from the FRONTIER and HABLE
cohorts that had been classified as cognitively normal or MCI by consensus review and had a
complete fasting blood test including potassium were included in the sample.

Fasting blood test was conducted by a CLIA (Clinical Laboratory Improvement
Amendments)-certified lab, and assays included a lipid panel, comprehensive metabolic
panel, complete blood count, blood glucose, HbA., vitamin B;;, and thyroid levels. Serum
electrolytes included in this study were sodium and potassium. Potassium levels were
measured using the ion-selective electrode method and were reported as millimoles per liter
(mmol/L).

The appropriate institutional review boards approved the FRONTIER (n = 195) and
HABLE (n = 315) studies, including the informed consent forms.

Statistical Analysis

Data were analyzed using logistic regression analyses. Analyses were conducted using
SPSSversion 22 software. Serum electrolytes were entered into the model along with age and
education as covariates.

Results
Demographic characteristics of the two sample cohorts are provided in Table 1. Although
the two samples differed in the setting (FRONTIER - rural; HABLE - urban), the two samples

did not differ in measures of socioeconomic status or health status. The analyses were split
by diagnosis, normal control and MCI.
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Table 1. Demographics and characteristics of the FRONTIER and the HABLE cohorts

Control MCI
FRONTIER
Age (mean * SD, range), years 53.9+9.1, 40-83 60.4+11.1, 40-82
Education (mean * SD, range), years 7.8+3.9,0-18 6.6+4.3,0-15
Female, % 76 56
Potassium (mean * SD, range), mmol/L 4.0+0.37,2.8-5.3 4.2+0.46,3.3-5.4
Sodium (mean * SD, range), mmol/L 140+2.3, 134-146 140+2.6,135-145
HABLE
Age (mean * SD, range), years 58.5+6.6, 50-81 65.948.3, 50-86
Education (mean * SD, range), years 8.5+4.2,0-18 6.2+4.0,0-17
Female, % 73 62
Potassium (mean * SD, range), mmol /L 4.3+0.40, 3.2-5.4 4.4+0.48, 3.5-5.5
Sodium (mean * SD, range), mmol/L 139+£2.6,129-149 139+2.6,133-145

MCI, mild cognitive impairment; SD, standard deviation.

Table 2. Logistic regression results: risk factor for MCI

B SEB Sig 0dds ratio (95% CI)

FRONTIER

Age 0.048 0.022 0.028 1.05 (1.00-1.09)
Education -0.005 0.057 0.931 0.99 (0.88-1.11)
Potassium 1.151 0.486 0.018 3.16 (1.21-8.19)
Sodium 0.061 0.109 0.577 1.06 (0.85-1.31)
HABLE

Age 0.118 0.019 0.000 1.12 (1.08-1.16)
Education -0.102 0.035 0.003 0.90 (0.84-0.96)
Potassium 0.726 0.355 0.041 2.06 (1.03-4.14)
Sodium -0.016 0.072 0.823 0.98 (0.85-1.13)

SE, standard error; Sig, significance; CI, confidence interval.

Project FRONTIER

The sample consisted of 195 participants (152 normal controls and 43 MCI). On average,
MCI participants were older, with a mean age of 60.4 years (SD = 11.1) and had lower levels
of education. Normal control participants had a mean age of 53.9 years (SD =9.1) and had an
average of 8 years of education. Approximately 76% (116 participants) of the normal control
sample were female and 24% (36 participants) were male. For the MCI sample, 56% (24
participants) were female and 44% (19 participants) were male.

The results indicated that potassium successfully predicted MCI status (OR = 3.1; p =
0.01). No other electrolytes were significant. Age was also a significant predictor of MCl status,
but that was not the case for education level (Table 2).

HABLE Cohort

A total of 315 participants were part of the HABLE cohort (219 normal controls and 96
MCI). MCI participants were older, with a mean age of 65.9 years (SD = 8.3) and had lower
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education levels. Normal control participants had a mean age of 58.5 years (SD = 6.6) and an
average of 9 years of education. About 73% (160 participants) of the normal control sample
were female and 27% (59 participants) were male. For the MCI group, 62% (60 participants)
were female and 38% (36 participants) were male.

Potassium was the only significant electrolyte that successfully predicted MCI status
(OR =2.0; p = 0.04). For this group, age and education level were significant (Table 2).

Discussion

In the current study, we examined the relationship of potassium level to MCI status in
Mexican-Americans. In both rural and urban groups, a higher potassium level in MCI partici-
pants was predictive of MCI status. These findings contradict our premise of lower potassium
levels that are related to MCI status. A plausible explanation may be the different socioeco-
nomic status and biological components in our population. Also, this can be a result of
confounding caused by unadjusted factors. Similar findings were reported by Nowak et al.
[25]in2018.1n 1,194 subjects from the Health Aging and Body Composition study, they found
that higher sodium and potassium intake was associated with increased odds of cognitive
decline. For FRONTIER participants, the potassium level and age were predictors of MCI
status, while education did not demonstrate a significant relationship. For HABLE subjects,
the potassium level, age, and education were all significant predictors of MCI. These findings
are important in terms of potassium as a modifiable risk factor for Mexican-Americans.

In the present study, we did not find a significant relationship between sodium level and
MCI. Our findings agreed with findings from the Women'’s Health Initiative Memory Study
[26] that reported no association between sodium intake and MCI.

Analysis of data comparing urban to rural participants showed that potassium was a risk
factor for both groups. The literature regarding urban and rural differences in subjects has
been mixed, but most reports indicate that urban areas are associated with less cognitive
decline, less obesity [25, 26], greater physical activity [27], and lower rates of mortality and
morbidity from chronic health conditions [28]. The reported differences in cognitive func-
tioning between rural and urban participants have been variously attributed to different
factors, including acculturation [29, 30], stage of change [16], neighborhood linguistic
isolation [31], and geographic location [18]. However, the findings of Satia-Abouta et al. [32]
suggest that, while acculturation had an impact on the blood pressure of Mexican-American
women, the dietary impact of sodium and potassium was not as important as the way the
subjects metabolized these nutrients.

Research into ethnic variations in physiological functioning has shown genetic influence
in wide-ranging areas (e.g., macular degeneration [33], lipoprotein subfractions [34], and
type 2 diabetes susceptibility [35]) as well as ethnic differences in drug metabolism [36].
These many ethnic variations allow us to find physiological processes that can be altered to
provide treatments specific to an ethnic group, which may lead to effective personalized
medicine.

A strength of this study is that the measures used with both groups were very similar,
facilitating comparisons. Limitations of this study include a small sample size and data that
are cross-sectional in nature. Additionally, although many investigators stress the role of diet
in regulating potassium levels, information was not available for these participants. Since this
study focuses on Mexican-Americans, the generalizability of the findings is limited in other
populations.

Further studies are needed to expand knowledge of the various factors involved in
potassium levels, with an attempt to understand which of the influences described in the

KARGER

155



Dement Geriatr Cogn Disord Extra 2018;8:151-157

A

Ddeementla / DOI: 10.1159/000488483 © 2018 The Author(s). Published by S. Karger AG, Basel
atr /
gggnit(ia\glea Drrs:orders www.karger.com/dee

Vintimilla et al.: Potassium and Cognition Link

literature are most important in clinical settings. The HABLE study is ongoing, and we are
collecting longitudinal data that will allow us to better understand this relationship in the
future.

Exploration of ethnicities is important to the understanding of diverse patients, but, in
this case, it is particularly pertinent as potassium levels are modifiable. Discovering ethnic
differences can lead to novel treatments based on these differences that may be more bene-
ficial than current standard care for diseases.

Acknowledgment

Research reported in this publication was supported by the National Institute on Aging
ofthe National Institutes of Health under Award Number R56AG054073. The content is solely
the responsibility of the authors and does not necessarily represent the official views of the
National Institutes of Health. This research was also funded, in part, by the Environmental
Protection Agency (RD834794), the Hogg Foundation for Mental Health (JRG-040 and
JRG-149), and The Pfeiffer foundation. The research team also thanks the local Fort Worth
community and participants of the Health and Aging Brain Study. The funding bodies had no
role in the study design, data collection, analyses, or preparation of the paper.

Disclosure Statement

The authors have no conflicts of interest to declare.

Author Contributions

All authors have read the paper and have agreed to be listed as authors. Conceived and
designed the study: RM.V,, S.E.L, A.G., G.D.R, J.R.O, J.R.H, S.E.O.,, and L.AJ. Acquisition of
subjects/data: RM.V,, S.E.L.,, A.G.,, and G.D.R. Analysis and interpretation of data: A.G., ].R.0,,
J.R.H.,, S.E.O.,and L.A.]. Preparation of the manuscript: RM.V,, A.G.,].R.0,,].R.H,, S.E.O.,, and L.A.J.
Agree with manuscript results and conclusions: RM.V,, S.E.L, A.G,, G.D.R, J.R.0, ].R.H,, S.E.O,,
and L.A.J.

References

1 Alzheimer’s Association: 2016 Alzheimer’s disease facts and figures. Alzheimers Dement 2016;12:459-509.

2 Rege SD, Geetha T, Broderick TL, Babu JL: Can diet and physical activity limit Alzheimer’s disease risk? Curr
Alzheimer Res 2017;14:76-93.

3 Barnard ND, Bush Al, Ceccarelli A, Cooper ], Jager CA, Erickson KI, Fraser G, Kesler S, Levin SM, Lucey B, Morris
MC, Squitti R: Dietary and lifestyle guidelines for the prevention of Alzheimer’s disease. Neurobiol Aging 2014;
35:574-S78.

4 Ozawa M, Ninomiya T, Ohara T, Hirakawa Y, Doi Y, Hata ], Uchida K, Shirota T, Kitazono T, Kiyohara Y: Self-
reported dietary intake of potassium, calcium, and magnesium and risk of dementia in the Japanese: the
Hisayama Study. ] Am Geriatr Soc 2012;60:1515-1520.

5 Cisternas P, Lindsay CB, Salazar P, Silva-Alvarez C, Retamales RM, Serrano FG, Vio CP, Inestrosa NC: The
increased potassium intake improves cognitive performance and attenuates histopathological markers in a
model of Alzheimer’s disease. Biochim Biophys Acta 2015;1852:2630-2644.

6 Mielke MM, Zandi PP, Blennow K, Gustafson D, Sjogren M, Rosengren L, Skoog I: Low serum potassium in
midlife associated with decreased cerebrospinal fluid AB42 in late life. Alzheimer Dis Assoc Disord 2006;20:
30-36.

KARGER

156



ik LB

Dement Geriatr Cogn Disord Extra 2018;8:151-157 157

Dementia DOI: 10.1159/000488483 © 2018 The Author(s). Published by S. Karger AG, Basel
(a:nd Geriatric www.karger.com/dee
ognitive Disorders

Vintimilla et al.: Potassium and Cognition Link

7  Hughes TM, Sink KM: Hypertension and its role in cognitive function: current evidence and challenges for the
future. Am ] Hypertens 2016;29:149-157.

8 Meng XF, Yu JT, Wang HF, Tan MS, Wang C, Tan CC, Tan L: Midlife vascular risk factors and the risk of
Alzheimer’s disease: a systematic review and meta-analysis. ] Alzheimers Dis 2014;42:1295-1310.

9 Bischof GN, Park DC: Obesity and aging: consequences for cognition, brain structure, and brain function.
Psychosom Med 2015;77:697-709.

10 Petersen RC: Mild cognitive impairment as a diagnostic entity. ] Inter Med 2004;256:183-194.

11 Ghosh S, Libon D, Lippa C: Mild cognitive impairment: a brief review and suggested clinical algorithm. Am ]
Alzheimers Dis Other Demen 2014;29:293-302.

12 Cherbuin, N, Kumar R, Sachdev PS, Anstey KJ: Dietary mineral intake and risk of mild cognitive impairment:
the PATH through life project. Front Aging Neurosci 2014;6:1-8.

13  O’Bryant SE, Humpreys ]D, Schiffer RB, Sutker PB: Presentation of Mexican Americans to a Memory Disorder
Clinic. ] Psychopathol Behav Assess 2007;29:137-140.

14 O’Bryant SE, Johnson LA, Balldin V: Characterization of Mexican Americans with mild cognitive impairment
and Alzheimer’s disease. ] Alzheimers Dis 2013;33:373-379.

15 Tian N, Zhang Z, Loustalot F, Yang Q, Cogswell ME: Sodium and potassium intakes among US infants and
preschool children, 2003-2010. Am ] Clin Nutr 2013;98:1113-1122.

16  Gregory-Mercado KY, Staten LK, Gillespie C, Ranger-Moore ], Thomson CA, Giuliano AR, Will JC, Ford ES, Marshall
J: Ethnicity and nutrient intake among Arizona WISEWOMAN participants. ] Womens Health 2007;16:379-389.

17 Weaver CM: Potassium and health. Adv Nutr 2013;4:368-377.

18 HillJL, Yu W, Zoellner JM: Disparities in obesity among rural and urban residents in a health disparate region.
BMC Public Health 2014;14:1051.

19 O’Bryant SE, Hall JR, Cukrowicz KC, Edwards M, Johnson LA, Lefforge D, Jenkins M, Dentino A: The differential
impact of depressive symptom clusters on cognition in a rural multi-ethnic cohort: a Project Frontier Study.
Int ] Geriatr Psychiatry 2011;26:199-205.

20 IvnikR], Malec]F, Smith GE, Tangalos EG, Peterson RC, Kokmen E, Kurland R: Mayo’s Older Americans Normative
Studies: WAIS-R, WMS-R and AVLT norms for ages 56 through 97. Clin Neuropsychol 1992;6:1-104.

21 Crook T, Bartus RT, Ferris SH, Whitehouse P, Cohen GD, Gershon S: Age-associated memory impairment:
proposed diagnostic criteria and measures of clinical change - report of a National Institute of Mental Health
Workgroup. Dev Neuropsychol 1986;2:261-276.

22 Peterson RP: Mild cognitive impairment as a diagnostic entity. ] Intern Med 2004;256:183-194.

23 McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM: Clinical diagnosis of Alzheimer’s disease:
report of the NINCDS-ADRDA Work Group under the auspices of Department of Health and Human Services
Task Force on Alzheimer’s Disease. Neurology 1984;34:939-944.

24 Chui HC, Victoroff]I, Margolin D, Jagust W, Shankle R, Katzman R: Criteria for the diagnosis of ischemic vascular
dementia proposed by the State of California Alzheimer’s Disease Diagnosticand Treatment Centers. Neurology
1992;42:473-480.

25 Nowak KL, Fried L, Jovanocich A, Ix ], Yaffe K, You Z, Choncol M: Dietary sodium/potassium intake does not
affect cognitive function or brain imaging indices. Am ] Nephrol 2018;47:57-65.

26 Haring B, Wu C, Coker LH, Seth A, Sneetselaar L, Manson JE, Wassertheil-Smoller S: Hypertension, dietary
sodium, and cognitive decline: results from the Women’s Health Initiative Memory Study. Am ] Hypertens
2016;29:202-216.

27 Jackson]E, Doeschler MP, Jerant AF, Hart LG: A national study of obesity prevalence and trends by type of rural
community. ] Rural Health 2005;21:140-148.

28 Clarke PJ, Weuve ], Barnes, Evans DA, Mendes de Leon CF: Cognitive decline and the neighborhood envi-
ronment. Ann Epidemiol 2015;25:849-854.

29 Patterson PD, Moore CG, Probst]C, Shinogle JA: Obesity and physical inactivity in rural America. ] Rural Health
2004;20:51-159.

30 Erberhardst MS, Parnuk ER: The importance of place of residence: examining health in rural and nonrural
areas. Am ] Public Health 2004;94:1682-1685.

31 Perez-Escamilla R: Acculturation, nutrition, and health disparities in Latinos. Am ] Clin Nutr 2011;92:1163S-
1167S.

32 Satia-Abouta ], Patterson RE, Neuhouser, M, Elder |: Dietary acculturation: applications to nutrition research
and diabetes. ] Am Diet Assoc 2002;102:1105-1118.

33 Parky, Neckerman K, Quinn J, Weiss C, Jacobson ], Rundle A: Neighborhood immigrant acculturation and diet
among Hispanic female residents of New York City. Public Health Nutr 2011;14:1593-1600.

34  Goslar PW, Macera CA, Castellanos LG, Hussey JR, Sy FS, Sharpe PA: Blood pressure in Hispanic women: the
role of diet, acculturation, and physical activity. Ethn Dis 1997;7:106-113.

35 Fenwick EK, Man RE, Cheung CMG, Sabanayagam C, Cheng CY, Neelam K, Chua ], Gan ATL, Mitchel P, Wong TY,
Lamoureux EL: Ethnic difference in the association between age related macular degeneration and vision-
specific functioning. JAMA Ophthalmol 2017;135:469-476.

36 Wang Z, Manichukal A, Goff DC, Mora S, Ordovas JM, Pajewski NM, Post WS, Rotter ]I, Sale MM, Santorico SA,
Siscovick D, Tsai MY, Arnett DK, Rich S, Frazier-Wood AC: Genetic associations with lipoprotein subfraction
measures differ by ethnicity in the multi-ethnic study of atherosclerosis (MESA). Hum Genet 2017;136:715-
726.

KARGER



	TabellenTitel
	Z1
	TabellenFussnote
	_GoBack
	_GoBack

