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Abstract

Background: Low serum sodium may be associated with cognitive impairment and dementia in the general population, but
the data remain inconclusive. Therefore, we aimed to determine the association of low serum sodium with cognitive function
and incident dementia in the general population.

Methods: Participants from a prospective population-based cohort were eligible if data on serum sodium (collected between
1997 and 2008), dementia prevalence and dementia incidence were available (follow-up until 2018). Global cognitive
function was assessed with the Mini-Mental State Examination (MMSE) and the general cognitive factor (G-factor, derived
from principal component analysis of individual tests). Linear regression and Cox proportional-hazards models were used to
assess associations of standardised continuous and categorised low serum sodium (mean — 1.96xSD: cut-off of 137 mmol/L)
with overall cognitive function and incident dementia, respectively.

Results: In all, 8,028 participants free of dementia at baseline (mean age 63.6 years, 57% female, serum sodium
142 + 2 mmol/L), including 217 participants with low serum sodium, were included. Cross-sectionally, continuous serum
sodium and/or low serum sodium were not associated with the MMSE or G-factor. However, participants with low serum
sodium performed worse on the Stroop and Purdue Pegboard tests. During a median follow-up of 10.7 years, 758 subjects
developed dementia. Continuous serum sodium (hazard ratio (HR) 0.98, 95% confidence interval (CI) 0.92;1.05) and low
serum sodium (HR 1.27, 95% CI 0.90;1.79) were not associated with a higher risk of incident dementia.

Conclusion: We identified no significant associations of low serum sodium with overall cognitive functioning and risk of
dementia. However, low serum sodium—including levels above the clinical cut-off for hyponatremia—was associated with
impairments in selected cognitive domains including attention and psychomotor function.
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Key Points

* Low serum sodium might pose a risk to cognitive health in middle-aged and older adults from the general population.
* Low serum sodium is associated with worse scores on cognitive assessments of attention and psychomotor function.
* Low serum sodium is not associated with incident dementia.
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Introduction

Hyponatremia (serum sodium < 136 mmol/L) is the most
common electrolyte disorder especially in older individuals
[1-3], and is usually caused by an increase in vasopressin-
mediated water reabsorption [4]. Acute hyponatremia
(development in <48 h) can lead to severe neurological
complications as a consequence of cerebral oedema because
of a sudden decrease in extracellular osmolality [5, 6].
Because chronic hyponatremia develops over a longer period
of time (>48 h), brain cell volume can adapt through efflux
of intracellular electrolytes and organic osmolytes such as
glutamate [7], an important excitatory neurotransmitter.
Subsequent changes in intra- and extracellular glutamate
concentrations may affect neurotransmission processes [8],
possibly leading to neurological symptoms.

Indeed, chronic hyponatremia is now recognised as a
risk factor for psychomotor and neurocognitive deficits [9].
Hyponatremia has been linked to cognitive impairment in
community-dwelling older men [10], hospitalised patients,
[11-13] and patients with kidney failure, heart failure (HF)
or liver cirrhosis [14-17]. Of note, the study conducted in
community-dwelling older men found low serum sodium
above the clinical cut-off for hyponatremia also to be
associated with cognitive impairment and cognitive decline
[10].

Furthermore, one population-based cohort study even
reported a 2.4-fold increased risk of dementia in patients
with hyponatremia, although using retrospective data [18].
Findings from animal studies suggest that hyponatremia may
sensitise astrocytes to the damaging effects of beta amyloid
[19]—a hallmark of Alzheimer’s dementia [20]—and in
inducing memory impairment by disrupting hippocampal
long-term potentiation [21].

Findings from previous studies have limited generaliz-
ability, because they were performed in selected (patient)
populations [10-17] and/or applied a retrospective or cross-
sectional design [11, 13, 15, 18]. Therefore, the association
of serum sodium with cognitive impairment and especially
dementia in the general population remains uncertain. Yet,
this information is pivotal for generating more insight in
the potential risk factors of impaired cognitive health in
today’s ageing population. Therefore, we investigated the
association of serum sodium with both cognitive function
and incident dementia in a prospective population-based
cohort of middle-aged and older individuals with long-term
follow-up.

Methods

Setting and study population

This study was embedded in the Rotterdam Study, an ongo-
ing prospective population-based cohort study that started
in 1990 with the aim to investigate the determinants and
occurrence of chronic diseases in the middle-aged and older
individuals from the general population. The objectives and
design of the Rotterdam Study have been described in detail
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previously [22]. In brief, all inhabitants of the Ommoord dis-
trict in Rotterdam, the Netherlands, who were aged 45 years
and older were invited to participate in the study, resulting in
a total study population of 14,926 participants aged 45 years
and older by the end of 2008. Follow-up examinations are
periodically conducted every 3—6 years. For this study, we
included participants with measurements of serum sodium
available at baseline, defined as the third visit of the first
cohort (RSI-3, 1997-99), the first visit of second cohort
(RSII-1, 2000-01) and the first visit of the third cohort
(RSIII-1, 2006—-08), and with information on dementia
prevalence and incidence. For the analyses with cognitive
function, we only included participants who additionally
had cognitive test data available. Participants were followed
up from the day of the baseline serum sodium measurement
to the date of dementia onset, date of death or until 1 January
2018, whichever came first. The Rotterdam Study has been
approved by the Medical Ethics Committee of the Erasmus
MC (registration number MEC 02.1015) and by the Dutch
Ministry of Health, Welfare and Sport (Population Screening
Act WBO, licence number 1071272-159521-PG). All par-
ticipants provided written informed consent to participate
in the study and to have their information obtained from
treating physicians.

Assessment of serum sodium

Serum sodium was measured during the first visits of all three
cohorts and during the third visit of the first cohort. There-
fore, in the first cohort, repeated measurements of serum
sodium were available. Serum sodium was measured by the
Department of Clinical Chemistry of the Erasmus Medical
Center with ion-selective electrodes using a Roche/Hitachi
Cobas 8000 ISE Analyzer (Roche Diagnostics, Indianapolis,
IN, USA). The cut-offs for low and high serum sodium
were defined as the mean serum sodium minus 1.96 times
the SD, resulting in cut-offs of 137 and 146 mmol/L,
respectively.

Assessment of cognitive function

Cognitive function was assessed using a neuropsychological
test battery administered at the research centre both at
baseline and during follow-up visits. Assessment methods of
cognitive function have been reported in detail previously
[23]. In short, the neuropsychological test battery comprised
the Mini-Mental State Examination (MMSE), the Letter
Digit Substitution Test (LDST), the Stroop Test (Reading,
Colour naming and Interference), the Word Fluency Test
(WFT), the 15-Word Learning Test (WLT; Immediate recall,
Delayed recall and Recognition) and the Purdue Pegboard
Test (PPB; right, left and both hands, and the sum of all
three). The MMSE is a widely used 30-item test to measure
global cognitive function both in research and in clinical
settings. MMSE scores < 25 points may indicate cognitive
impairment [24]. The LDST (recording digits next to cor-
responding letters) assesses information processing speed

[25]. The Stroop Reading subtask (reading colour names)



measures reading speed; the Colour naming subtask (naming
observed colours) measures colour naming speed; and the
Interference subtask (naming the observed colours of colour
names displayed in incongruous ink colour) assesses the
cognitive ability to inhibit stimuli interference and captures
the well-known Stroop effect [26]. The WFT (naming as
many words as possible from a certain category in 1 min)
is an assessment of verbal fluency [27]. The 15-WLT Imme-
diate recall subtask (recollection of words immediately after
presentation) assesses verbal learning; the Delayed recall
subtask (retrieval of words 10 min after presentation) assesses
retrieval abilities from verbal memory; and the Recognition
subtask (recognition of words presented 10 min earlier)
assesses verbal memory recognition [28]. The PPB test (plac-
ing pins in holes in 30 s with the left hand, the right hand and
both hands) is a measure of dexterity and (psycho)motor skill
[29]. For each cognitive test, higher scores indicate better
performance, except for the Stroop test for which higher
scores indicate worse performance. Therefore, the inverse of
the Stroop test is included in the current study to facilitate
comparison to the other cognitive tests. As a measure of
global cognitive function, we calculated a general cognitive
factor (G-factor) by performing a principal component anal-
ysis incorporating the LDST, the Interference subtask of the
Stroop Test, the WFT, the sum-score of the PPB subtasks and
the delayed recall subtask of the 15-WLT. To avoid distortion
of factor weights because of strongly correlated subtasks, we
selected the most informative and relevant subtasks from the
multi-subtask cognitive tests [23]. The G-factor was only
calculated when information on all five individual cognitive
tests was available.

Ascertainment of dementia

Ascertainment methods of dementia at baseline and during
follow-up have been described in detail previously [30].
Briefly, participants were screened for dementia using the
MMSE and the Geriatric Mental Schedule (GMS) organic
level. Those with a MMSE score below 26 or a GMS score
above 0 underwent further investigation and an informant
interview using the Cambridge Examination for Mental Dis-
orders in the Elderly. Additionally, all participants from the
Rotterdam Study were continuously monitored for dementia
through electronic linkage of the study database with medical
records from general practitioners and the Regional Institute
for Outpatient Mental Health Care. Data on neuroimaging
were used when required for diagnosing dementia subtype.
The final dementia diagnosis was made by a consensus
panel led by a neurologist, using the standard criteria for
dementia (DSM-III-R) and Alzheimer’s disease (NINCDS—
ADRDA).

Assessment of covariates

Baseline home interviews provided information on med-
ication use, smoking and alcohol consumption. Use of

sodium altering medication was defined by using the
WHO’s Anatomical Therapeutic Chemical (ATC) codes
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and includes the use of antacids (ATC A02), diuretics
(ATC C03), anti-epileptics (AT'C N03) and antidepressants
(ATC NO06). Smoking was categorised into never, past and
current smoking. Alcohol consumption was calculated in
grams per day. Height and weight were measured during
examinations at the research centre and body mass index
(BMI) was computed by dividing weight in kilograms
by squared height in metres (kg/m®). During the same
examinations, systolic and diastolic blood pressures were
measured at the right brachial arterial artery using a random-
zero sphygmomanometer with the participant in sitting
position. The final measurement was defined as the mean
of two consecutive measurements. Information on the use
of anti-hypertensive drugs was obtained from the baseline
home interviews and through linkage to pharmacy records.
Hypertension was defined as a systolic and diastolic blood
pressure exceeding 140/90 mmHg, respectively, or the use
of anti-hypertensive drugs. Serum total cholesterol and
creatinine were measured by the department of Clinical
Chemistry of the Erasmus University Medical Center using
standard laboratory techniques. The estimated glomerular
filtration rate (¢GFR) was calculated according to the chronic
kidney disease epidemiology collaboration equation [31],
using serum creatinine. Diabetes mellitus was defined as
a fasting serum glucose level exceeding 7.0 mmol/L, a
non-fasting serum glucose level exceeding 11.1 mmol/L
(in the absence of fasting serum glucose levels), the
use of blood glucose lowering medication or a previous
diagnosis of the disease. HF was defined as a combination
of the presence of typical symptoms and signs of HF,
confirmed by objective evidence of cardiac dysfunction
or a positive response to the initiated treatment, which is
in accordance with the European Society of Cardiology
guidelines [32, 33]. Coronary heart disease (CHD) was
defined as a history of myocardial infarction or a history
of a coronary revascularisation procedure [33]. Stroke was
defined according to the World Health Organization criteria
as a syndrome of rapidly developing clinical signs of focal
or global disturbance of cerebral function, with symptoms
that had to last for at least 24 h or leading to death, with no
apparent cause other than vascular origin [34].

Statistical analysis

A more detailed description of the statistical analysis can
be found in the Supplementary Statistical Methods. Linear
regression models and linear mixed models were used to
analyse the associations between continuous and categorised
serum sodium and the cognitive test scores at baseline and
over time, respectively. Both the exposure and outcomes,
except for the MMSE, were standardised. Cox proportional-
hazards models were used to analyse the association of con-
tinuous and categorised serum sodium with incident demen-
tia, and participants with prevalent dementia were excluded.
All analyses were performed using three models, including
adjustment for age, sex and Rotterdam Study cohort (model
1), the potential confounders BMI, smoking, alcohol use,
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Table I. Baseline characteristics of the total population

Variable

Age, years
Female sex, 7 (%)
BML, kg/m? (n=7,951)
Educational level (7=7,959)
Primary education, 7 (%)
Lower/intermediate general and lower vocational education, 7 (%)
Higher general and intermediate vocational education, 7 (%)
Higher vocational education and university, 7 (%)
Smoking (z=7,981)
Current smoking, 7 (valid %)
Past smoking, 7 (valid %)
Never smoking, 7 (valid %)
Alcohol use, g/day (n=6,311)
Systolic blood pressure, mmHg (z=7,999)
Diastolic blood pressure, mmHg (7 =7,999)
Hypertension, 7 (valid %) (n=7,931)
Diabetes, 7 (%)
History of CHD, 7 (valid %) (n=7,990)
History of stroke, 7 (%)
History of HE 7 (%)
eGFR, ml/min per 1.73 m?* (n=7,916)
Serum cholesterol, mmol/L (7 =7,988)
Serum sodium, mmol/L
130-135 mmol/L
<130 mmol/L

Total population

Low serum sodium

Normal serum

(n=8,028) (n=217) sodium (n=7,614)
63.6+9.6 69.3+11.9 63.44+9.5
4,579 (57.0) 137 (63.1) 4,326 (56.8)
27.44+4.3 274448 27.44+4.2
905 (11.4) 38 (17.8) 844 (11.2)
3,181 (40.0) 83 (38.8) 3,019 (40.0)
2,324 (29.2) 57 (26.6) 2,206 (29.2)
1,549 (19.5) 36 (16.8) 1,479 (19.6)
1,568 (19.6) 33 (15.3) 1,494 (19.7)
3,792 (47.5) 109 (50.7) 3,600 (47.5)
2,621 (32.8) 73 (34.0) 2,477 (19.7)
9.1£11.6 8.9+13.3 9.1+£11.6
139+ 21 143+ 21 139+ 21
80+£11 7811 80£11
4,771 (60.2) 164 (75.9) 4,486 (59.7)
954 (11.9) 60 (27.6) 877 (11.5)
488 (6.1) 17 (7.9) 461 (6.1)
250 (3.1) 15 (6.9) 230 (3.0)
175 (2.2) 14 (6.5) 158 (2.1)
81+£15 77 £17 8115
5.7+1.0 5.8+1.1 5.7+£1.0
14242 136+2 14242

63 (0.8) NA NA

5(0.1) NA NA

Data are presented as number (%), number (valid %) or mean & SD. Values are shown for non-imputed data. For variables with missing data, valid % is given. The
cut-off for low serum sodium is calculated by taking the mean minus 1.96 times the SD: <137 mmol/L. Normal serum sodium is defined as serum sodium between
137 and 146 mmol/L. Abbreviations: CHD, coronary heart disease; eGFR, estimated glomerular filtration rate; HE heart failure; 7, number; NA, not applicable.

serum cholesterol, eGFR, history of HE diabetes and hyper-
tension (model 2) and potential confounders that could
also be mediators, including a history of CHD and of
stroke (model 3). Stratification by age and sex and several
sensitivity analyses was performed (Supplementary Materi-
als). To account for missing values in covariates, multiple
imputation using the Multivariate Imputation by Chained
Equations package in R [35] was performed (missingness
for all covariates < 2%, except for alcohol use, which was
21%). Statistical significance was considered at a two-sided
P-value < 0.05. Data were handled and analysed using R
statistical software (R-project, Institute for Statistics and
Mathematics, R Core Team (2013), Vienna, Austria, version

3.6.3).

Results

Baseline characteristics

Baseline serum sodium measurements and information
on dementia were available in 8,143 participants. After
excluding participants with prevalent dementia, 8,028
participants remained in the study. The mean age of
the study population was 63.6 years, 57% were female
and the mean serum sodium was 14242 mmol/L
(Table 1). In total, 217 participants had low serum sodium
(<137 mmol/L), and 68 participants had hyponatremia
(serum sodium < 136 mmol/L).
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Serum sodium and cognitive function

In cross-sectional analyses, continuous serum sodium was
not associated with better scores on the MMSE or the
G-factor (standardised mean difference (SMD) —0.01,
95% confidence interval (CI) —0.05;0.03 for the MMSE;
SMD —0.02, 95% CI —0.05;0.01 for the G-factor; model
2, Table S1). Additional adjustment for history of CHD
and stroke did not substantially change the results (model
3, Table S1). After categorisation of serum sodium, no
association between low serum sodium and MMSE or the
G-factor was observed (Figure 1 and Table S1). Similar
results were obtained when investigating the change in cog-
nitive test scores over time (Table S2). When investigating
the individual cognitive tests as outcome, higher continuous
serum sodium was associated with better scores on all three
subtasks of the Stroop test (Table 2). Categorically, low
serum sodium was associated with worse scores on two
of the three subtasks of the Stroop test and on the PPB
(Table 2). Differential risks by age and sex were detected
only for a subset of cognitive tests (Tables S3 and S$4). In
the following stratification analysis, lower continuous serum
sodium was associated with better MMSE and WFT scores
in participants aged < 65 years (Tables S3).

Serum sodium and incident dementia

Over a median follow-up time of 10.7 years (interquartile
range 8.8-15.6 years), 758 participants developed dementia,
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Table 2. Association of serum sodium and low serum sodium with individual cognitive tests

Total n SMD (95% CI) Model 1 SMD (95% CI) Model 2
Serum sodium, per SD increase
LDST 7,551 0.02 (—0.00;0.04) 0.02 (—0.00;0.04)
Stroop test
Reading 7,368 0.03 (0.01;0.05) 0.03 (0.01;0.05)
Colour naming 7,368 0.04 (0.02;0.07) 0.04 (0.02;0.06)
Interference 7,368 0.04 (0.02;0.06) 0.03 (0.01;0.05)
WFT 7,622 —0.01 (—0.03;0.01) —0.01 (—0.04;0.01)
15-WLT*
Immediate 3,127 —0.01 (—0.04;0.03) —0.01 (—0.04;0.03)
Delayed 3,126 —0.02 (—0.05;0.02) —0.02 (—0.05;0.01)
Recognition 3,137 —0.01 (—0.04;0.03) —0.01 (—0.04;0.03)
PPB®
Right 5,370 0.03 (—0.00;0.05) 0.02 (—0.01;0.05)
Left 5,364 0.01 (—0.01;0.03) 0.01 (—0.02;0.03)
Both 5,336 0.02 (—0.01;0.04) 0.01 (—0.01;0.04)
Sum 5,316 0.02 (—0.00;0.04) 0.01 (—0.01;0.04)
Low serum sodium
LDST 192 —0.08 (—0.20;0.04) —0.07 (—0.19;0.05)
Stroop test (inversed)
Reading 192 —0.12 (—=0.26;0.01) —0.11 (—0.24;0.02)
Colour naming 192 —0.17 (—0.31;—0.04) —0.16 (—0.29;—0.03)
Interference 192 —0.21 (—0.33;—0.09) —0.19 (—0.31;—0.07)
WFT 206 —0.08 (—0.21;0.05) —0.06 (—0.19;0.07)
15-WLT*
Immediate 63 —0.00 (—0.21;0.26) 0.03(—0.21;0.26)
Delayed 63 0.04 (—0.20;0.28) 0.06 (—0.17;0.31)
Recognition 63 0.10 (—0.14;0.34) 0.11 (—0.14;0.35)
PPB®
Right 103 —0.24 (—0.42;—0.07) —0.21 (—0.38;—0.04)
Left 103 —0.22 (—0.369;—0.04) —0.19 (—0.36;—0.01)
Both 102 —0.22 (—0.39;—0.04) —0.18 (—0.35;—0.01)
Sum 101 —0.23 (—0.40;—0.06) —0.19 (—0.36;—0.02)

Model 1 is adjusted for age, sex and Rotterdam Study cohort; model 2 is additionally adjusted for BMI, smoking, alcohol, serum cholesterol, eGFR, history of
HE diabetes and hypertension; serum sodium and cognitive tests are standardised. The reference level in the categorical analyses is normal serum sodium. The
associations with a p-value < 0.05 are highlighted in bold. *Only available in Rotterdam Study cohort 3. *Only available in Rotterdam Study cohorts 2 and 3.
Abbreviations: LDST, Letter digit substitution test; WFT, Word fluency test; WLT, Word learning test; PPB, Purdue pegboard test; SMD, standardized mean

difference.

corresponding to an incidence rate of 8.3 per 1,000
person-years. Continuous serum sodium was not associated
with incident dementia (hazard ratio (HR) 0.98, 95%
CI 0.92;1.05, model 2, Table S1). Similar results were
shown when including repeated measurements of serum
sodium (Table S5). Categorically, cumulative incidences
of dementia for participants with low serum sodium were
not significantly different from cumulative incidences of
dementia for participants with normal serum sodium
(Figure 2). Furthermore, a non-significant trend between
low serum sodium and an increased risk of incident
dementia was identified when compared with normal
serum sodium (HR 1.27, 95% CI 0.90;1.79, model 2,
Figure 1 and Table S1). When excluding participants using
serum sodium lowering medication, low serum sodium
was significantly associated with an increased risk of
incident dementia (HR 2.01, 95% CI 1.28;3.17, model
2, Table S6). Other sensitivity analyses did not substantially
change our results (Table S6). No differential risks by age
and sex were detected (P for interaction > 0.10 for all
analyses).

Discussion

In this population-based cohort study, no statistically sig-
nificant association of serum sodium with overall cognitive
function and risk of incident dementia was identified.

However, low serum sodium—including levels above the
clinical cut-off for hyponatremia—was significantly associ-
ated with impairments in selected cognitive domains includ-
ing attention and psychomotor function.

A previous study in men aged > 65 years identified sig-
nificant associations of low serum sodium (based on the
lowest tertile of the study population: 126-140 mmol/L)
with prevalent cognitive impairment and cognitive decline
[10]. These associations, however, were primarily driven by
the Trail B test, which assesses visuospatial and tracking
ability, rather than the MMSE, a global cognitive func-
tion measure [10]. In another population aged > 60 years,
higher continuous (log-transformed) serum sodium was pos-
itively associated with performance on the WLT and hypona-
tremic patients performed worse on the WLT and Ani-
mal Fluency Test [36]. In the Hunter Community Study,


https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afad007#supplementary-data
https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afad007#supplementary-data
https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afad007#supplementary-data
https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afad007#supplementary-data
https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afad007#supplementary-data

A.C.van der Burgh & A. Pelouto et al.

Cognitive test

]
@ MMSE J 1 L
@ G-factor
f @ !
-0.5 -0.3 -0.1 0.1 0.3

SMD with 95% Cl

Incident dementia

Low plasma sodium

0.8 1.0 1.2 1.4 1.6 1.8 2.0
HRs with 95% CI

Figure 1. Association of serum sodium with global cognitive
function and dementia. This figure represents the association
of low serum sodium levels with the MMSE, the G-factor and
incident dementia. The G-factor is standardised. The cut-off
for low serum sodium is calculated by taking the mean minus
1.96 times the SD: <137 mmol/L. Normal serum sodium (ref-
erence category) is defined as serum sodium between 137 and
146 mmol/L. Analyses depicted in Figure A are adjusted for age,
sex, Rotterdam Study cohort, BMI, smoking, alcohol, serum
cholesterol, eGFR, history of HE diabetes and hypertension.

cognition scores did not deteriorate until serum sodium
dropped below 135 mmol/L [37]. In the current study, we
show that low serum sodium was associated with worse
scores of the Stroop and PPB tests, but not with worse
overall cognitive function. Based on our data and previous
studies, the general impression is therefore that lower serum
sodium may affect specific domains of cognitive function,
but that mainly overt hyponatremia affects overall cognitive
function. Of interest, in observational studies, resolution
of chronic hyponatremia independently predicted cognitive
improvement [9, 12]. Intervention studies also showed that
correction of chronic hyponatremia in patients can improve
performance on specific cognitive tests [38-41]. Generally,
previous population-based studies report that lower serum
sodium is associated with lower scores on varying cognitive
tests [10, 36]. Yet, in our population we observed that
in participants aged < 65 years lower serum sodium was
actually associated with better MMSE and WFT scores.
These findings might indicate an age-dependent effect of
serum sodium on cognition, but further research is needed
to investigate this in more detail.

When interpreting and comparing findings from the
current study and previous studies, two important aspects
should be taken into account. First, assessment methods of
cognitive function varied considerably amongst different
studies, complicating study comparison. The different
included test batteries assessed different domains of cognitive
abilicy, but the use of combined and comprehensive
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measures of cognitive function such as the G-factor has been
shown to adequately capture overall cognitive performance
independent of the administered test batteries [42, 43].
Second, the exact threshold of serum sodium concentration
that induces overall cognitive impairment remains unknown.
Results from our study demonstrate that changes in selected
cognitive domains can already be seen in individuals
with low serum sodium above the clinical cut-offs for
hyponatremia. This is reminiscent of a previous study
showing that in hospitalised patients the mortality risk
already increases below a serum sodium value of 138 mmol/L
[44].

Regarding dementia, only one study has reported an
increased risk of dementia in people with hyponatremia
[18]. However, this study was retrospective and selected
individuals from a health insurance database based on Inter-
national Classification of Disease code for hyponatremia
instead of serum sodium measurements. This approach
could have led to a disproportionate inclusion of individuals
with clinically relevant hyponatremia. In our study, serum
sodium was not significantly associated with incident
dementia, but a trend was observed with low serum
sodium. Because few participants had low serum sodium,
as expected in the general population, statistical power may
have been insufficient to detect a significant association.
Sensitivity analyses did show that low serum sodium was
significantly associated with an increased risk of incident
dementia in participants not using serum sodium altering
medications. By excluding participants with potentially
drug-induced low serum sodium, participants with low
serum sodium because of underlying conditions remain.
Therefore, the underlying conditions possibly explain this
finding rather than the low serum sodium. However, other
pathophysiological or statistical explanations cannot be fully
excluded.

The main strengths of our study include the prospective
design, long follow-up time, the inclusion of both individual
cognitive tests and comprehensive measures of cognitive
performance (G-factor) and the possibility to adjust for a
wide range of potential confounders. Our study also has
limitations. First, relatively few participants had hypona-
tremia. Therefore, our results mainly pertain to lower serum
sodium, i.e. lower end of normonatremia, rather than overt
hyponatremia. The limited number of participants with
overt hyponatremia is to be expected in a general population.
Second, repeated serum sodium measurements were limited
to two measurements and only available in a subset of the
population. Ideally, a larger number of repeated measure-
ments were available to confirm the chronicity of lower
serum sodium or hyponatremia and analyse fluctuations in
serum sodium over time. Finally, although we adjusted for a
wide range of potential confounders, residual confounding
cannot be ruled out completely.

In conclusion, although no significant association
of serum sodium with overall cognitive function and
dementia was identified, participants with low serum
sodium—including levels above the clinical cut-off for
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hyponatremia—performed worse on tests of selective
cognitive domains including attention and psychomotor
function. Additional general population-based studies are
needed to confirm our findings. Future research should also
reveal whether correction of lower serum sodium improves
cognition in older adults.
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