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(Assessing Cognitive Impairment in Older Patients | 
National Institute on Aging, 2021). In many instances, these 
are not routinely performed and only occur after signs/
symptoms of cognitive impairment are observed. Ideally, 
any cognitive decline or evidence of impairment should be 
identified at the earliest stage.

Assessment tools currently used for early screening can 
lack sensitivity to detect early cognitive decline, are affected 
by education, and can be insensitive to right hemisphere 
dysfunction (Chan et al., 2017; Wu et al., 2013). Biological 
markers may provide an objective alternative to measuring 
cognitive function in ‘healthy’ individuals. Identifying indi-
viduals at risk of cognitive decline early would allow for 
interventions to preserve cognitive function and maintain 
independence.

Metabolomics, the study of low weight compounds in a 
biological system, has been used widely as a tool for bio-
marker investigations (Bracewell-Milnes et al., 2017; Gib-
bons et al., 2017). A biomarker, as defined by the United 
States Food and Drug Administration, is “a defined charac-
teristic that is measured as an indicator of normal biological 
processes, pathogenic processes, or responses to an exposure 

1  Introduction

The global population is aging. By 2050, an estimated 16% 
of the worldwide population will be over 65 (compared to 
9% in 2019) (United Nations Department of Economic and 
Social Affairs, 2019). Preserving function and independence 
of our aging population is paramount for ensuring quality 
of life and reducing the pressures on society of an aging 
population. A key component of good health is cognitive 
function.

The assessment of cognition in older adults typically 
involves screening tools administered by trained physicians 
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this association in a longitudinal study.
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or intervention, including therapeutic interventions” (United 
States Food and Drug Administration, 2021). Metabolomics 
is downstream from the other -omics approaches, reflecting 
the interface between endogenous processes and external 
exposures (Chin et al., 2013). Several metabolomic studies 
have identified potential biomarkers of cognition (Jiang et 
al., 2019; Hosseini et al., 2020). However, they have pre-
dominantly focused on the identification of biomarkers for 
Alzheimer’s Disease and mild cognitive impairment (MCI). 
In a systematic review by Jiang et al., (2019), a wide range 
of metabolites were associated with cognitive decline, MCI 
and dementia though none were consistently identified in 
the studies. Hosseini et al., (2020) found of 10 studies inves-
tigating fatty acids and their associations with MCI, there 
were few significant findings. However, much like Jiang 
et al., higher levels of docosahexanoic acid (DHA) were 
found in control subjects when compared to those with MCI 
or dementia. Interestingly, Hosseini et al. also found total 
serum/plasma fatty acids were significantly down-regulated 
in Alzheimer’s disease.

Our study investigated the plasma metabolome of com-
munity-living older adults in New Zealand for biomarkers 
of cognitive function.

2  Materials and methods

2.1  Study design and population

Participants were from the Researching Eating, Activity and 
Cognitive Health (REACH) cohort (Mumme et al., 2019), 
all community-living older adults aged 65–74 years, liv-
ing in Auckland, New Zealand. Participants were excluded 
from the study if they had a diagnosis of dementia or any 
of the following conditions which may impair cognitive 
function: stroke, traumatic head or brain injury, a neurologi-
cal or psychiatric condition; or if they were taking medica-
tion which may influence their cognitive function. Another 
exclusion criterion was any event in the last 2 years which 
had a substantial impact on dietary intake and cognitive 
function, for example, death or illness of a family member. 
Participants completed demographic, health and lifestyle 
questionnaires and underwent a Computerised Mental Per-
formance Assessment System (COMPASS-Northumbria 
University, Newcastle upon Tyne, UK) battery of cognitive 
tests assessing five domains (Supplementary Table 1). The 
results of these domains were combined to assess overall 
global cognitive function. The cognitive suite was tempera-
ture, noise and light controlled. Participants provided fasted 
blood samples and were provided a standard breakfast of 
cereals, fruits, toast and spreads prior to cognition testing. 
Informed consent was obtained from participants and ethics 

approval was received from the Massey University Human 
Ethics Committee: Southern A, Application 17/69.

2.2  Metabolomic analysis

2.2.1  Fatty acid methyl esters (FAMEs) method

The FAMEs extraction and derivatisation method was based 
on the protocol in LePage & Roy (Lepage & Roy, 1986), 
using a 50 µL plasma aliquot from each participant. Gas 
chromatography-mass spectrometry (GC-MS) analysis was 
performed on an Agilent 7890 A gas chromatograph cou-
pled to a 5975  C mass spectrometer with a split/splitless 
inlet using instrument analytical parameters published in 
Kramer et al. (Official Methods for Determination of trans 
Fat, Second Edition − 2nd, 2010). GC-MS parameters are 
detailed in Supplementary Information 1.

2.2.2  Methyl chloroformate (MCF) method

Prior to MCF derivatisation, a 300 µL plasma aliquot from 
each participant underwent cold methanol extraction using 
50 and 80%v/v methanol/water. The MCF derivatisation 
procedure and analytical parameters used for GC-MS analy-
sis are published in Smart et al. (Smart et al., 2010). GC-MS 
parameters are detailed in Supplementary Information 1.

2.2.3  Data processing

Batch processing of raw data was conducted using the auto-
mated mass spectral deconvolution and identification sys-
tem software, using parameters detailed in Supplementary 
Information 2.

Identification of metabolites were based on accurate 
reference ion mass and retention-time information using 
in-house mass spectral libraries of standards. An in-house 
R package “MassOmics” was used for metabolite identifi-
cation and automated peak integration (https://github.com/
MASHUOA/MassOmics). Peak responses were normalized 
by internal standards (nonadecanoic acid in the FAMEs 
method, d4-Alanine in the MCF method) and contaminants 
were identified using experimental “blank” samples and 
corrected for. Median centring was performed to adjust for 
batch effects, with a multiplicative correction.

2.3  Statistical analysis

Statistical analyses were performed using R software, ver-
sion 4.0.2. False discovery rates (FDR) were calculated 
for all metabolomic comparisons using the Benjamini-
Hochberg procedure (repeated for each cognitive domain), 
and FDR < 0.05 were deemed statistically significant. Both 
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unadjusted and adjusted multivariate regression analyses 
were performed to determine which metabolites had asso-
ciations with cognitive scores (an excerpt of the R script can 
be found in Supplementary Information 3). Analyses were 
adjusted for: Apolipoprotein E -ε4 (APOE) genotype, sex, 
body fat percentage (standardised by sex), age, education, 
deprivation index, physical activity, metabolic syndrome, 
polypharmacy, smoking status, and alcohol intake (details 
and justifications for including each component can be 
found in Supplementary Information 4).

3  Results

3.1  Participant characteristics

Participants were included if they had scores on all COM-
PASS domains, provided a blood sample, and had suffi-
cient plasma volume for analysis. Fourteen samples were 
excluded based on visual assessment of the principal com-
ponent analysis plot of standardized metabolite scores (Sup-
plementary Information 5). Principal component analysis 
was used to visualise the combination of metabolite features 
rather than identifying outliers based on measures of indi-
vidual metabolites as variation in some metabolites can be 
biologically plausible, whereas a range of abnormal levels 
is more likely to indicate a technical abnormality that could 
influence results. A total of 332 participants were included 
in the final analysis. The mean ± SD age of participants 
was 69.7 ± 2.6 years; body fat percentage was 31.8 ± 7.5%; 
63.3% were female, 92.2% were of New Zealand European 
ethnicity; and 27.7% carried at least one ε4 allele on the 
APOE gene.

3.2  Metabolomics findings

A total of 42 fatty acids were identified in the plasma samples 
following the FAMEs method and 81 metabolites follow-
ing the MCF method. In the unadjusted models, there were 
35 metabolite-cognition associations with a P-value < 0.05 
(Supplementary Table 2). In the models adjusted for con-
founding variables, there were 29 metabolite-cognition 
associations with a P-value < 0.05 (Supplementary Table 3). 
After accounting for multiple comparisons, only one metab-
olite-cognition association remained statistically signifi-
cant (FDR < 0.05): 15-tetracosenoic acid demonstrated an 
inverse linear association with attention (P-value = 9.36E− 5; 
FDR = 0.012), which remained significant after adjustment 
for confounders (P-value = 1.52E− 4; FDR = 0.019). Table 1 
displays the final model from the multivariate linear regres-
sion of 15-tetracosenoic acid with attention.

4  Discussion

This study is the first to analyse the plasma metabolome for 
biomarkers of cognition in a cohort of community-living 
older adults from New Zealand. We found plasma levels 
of 15-tetracosenoic acid (nervonic acid) had a significant 
inverse association with attention scores.

The COMPASS assessment of attention captures an indi-
vidual’s simple reaction time, choice reaction time, and rapid 
visual information processing. Impairment in these areas of 
cognition could have severe real-life implications such as an 

Table 1  Multivariate linear regression of 15-tetracosenoic acid 
z-scores and attention z-scores, adjusted for confounders

Β1 (95% CI) P-value
15-tetracosenoic acid -0.211 (-0.320, 

-0.103)
< 0.001

Age -0.037 (-0.08, 
0.002)

0.065

Sex
Male (reference)
Female

-0.011 (-0.251, 
0.230)

0.930

Deprivation Index 5.40E− 6 
(7.00E− 5, 
8.09E− 5)

0.888

Apolipoprotein E -ε4 (APOE) genotype
No allele (reference)
One or more allele

0.014 (-0.210, 
0.239)

0.899

Body fat percentage (standardised by 
sex)

-0.005 (-0.027, 
0.017)

0.661

Education
Secondary or less (reference)
Post-secondary
University

0.136 (-0.141, 
0.413)
0.333 (0.055, 
0.611)

0.335
0.019*

Physical activity -2.46E− 5 
(-6.17E− 5, 
1.24E− 5)

0.191

Metabolic syndrome
Without (reference)
With

-0.048 (-0.380, 
0.284)

0.778

Polypharmacy
<5 medications/day (reference)
≥5 medications/day

-0.048 (-0.427, 
0.332)

0.805

Smoking status
No/used to (reference)
Yes

-0.066 (-0.317, 
0.184)

0.602

Alcohol intake 2.57E− 4 (-5.34E− 4, 
0.001)

0.523

CI: Confidence Interval
Adjusted R2 for the multiple regression = 0.05
1 Beta value
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5  Conclusions

In this study, higher plasma levels of nervonic acid were 
significantly associated with lower attention scores in com-
munity-living older adults. This is the first study to iden-
tify nervonic acid as a potential biomarker of attention in 
older adults. Objective biomarkers of cognition could be 
used for early identification of individuals at risk of cog-
nitive impairment, allowing for early intervention and an 
increased likelihood for maintaining independence.

Supplementary Information  The online version contains 
supplementary material available at https://doi.org/10.1007/s11306-
022-01908-5.
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increased risk of collisions while driving, or increased risk 
of falls (Glisky, 2019). Thus, attention is a cognitive domain 
with considerable importance to everyday functioning and 
maintaining independence. Identifying early biomarkers 
of attention, before impairments result in negative conse-
quences, means at-risk individuals can be monitored and 
efforts to enhance this cognitive domain initiated.

Impaired attention in older adults has previously been 
associated with the locus coeruleus, a section of the brain-
stem (Lee et al., 2018), which has been reported as one of 
the earliest sites of tau pathology and a key brain region 
involved in the progression of Alzheimer’s disease (Giorgi 
et al., 2019). Therefore, early signs of decline in attention 
could potentially be linked to an increased risk of the even-
tual development of Alzheimer’s disease.

Nervonic acid is a long-chain omega-9 fatty acid (24:1) 
which has been found in high levels in brain white matter, 
in peripheral nerve cells, and is one of the most predomi-
nant fatty acids in sphingomyelin (Li et al., 2019;,Martínez 
& Mougan 2002). We propose the observed negative rela-
tionship between plasma nervonic acid levels and attention 
scores may reflect age-related myelin degeneration (Bartzo-
kis, 2004; Peters, 2009), resulting in the leaching of ner-
vonic acid into circulation.

Nervonic acid is also found in some dietary sources, 
including being incorporated into glycerol esters in some 
fish oils and in Lunaria annua, a plant of the Brassicaceae 
family (Akoh et al., 2008; Chow 2008). Therefore, plasma 
levels may be impacted by dietary consumption. Dietary 
information was collected in the REACH study and no 
associations between dietary patterns and cognition were 
found (Mumme et al., 2022). Therefore, dietary intake was 
not adjusted for in this study. Plasma is an easy to obtain 
biospecimen, suitable for use as a screening tool. However, 
the use of plasma in our study limited our ability to deter-
mine metabolic mechanisms underpinning the association 
between attention and nervonic acid levels. Future studies 
would benefit from investigations that allow comparisons 
between nervonic acid levels in plasma and cerebrospinal 
fluid and/or brain tissue to confirm whether increased ner-
vonic acid levels in plasma are directly related to levels in 
the brain. Another limitation of our study is the cross-sec-
tional study design. However, the utility of metabolomics to 
identify midlife plasma metabolites which were able to pre-
dict cognitive impairment and dementia in later life (aver-
age 17.1 year follow-up) has previously been demonstrated 
(Bressler et al., 2017). Future studies should consider a lon-
gitudinal approach to investigate whether plasma nervonic 
acid levels reflect not just cognition at the time of sampling, 
but also serve as a biomarker of future cognition.
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