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ABSTRACT

Among crucial preventive strategies against dementia, nutrition is considered a
powerful one and the recently established “nutritional cognitive neuroscience of aging”
is a highly active research field. The present study was designed to deeply characterize
older adults across the continuum from cognitive integrity to mild cognitive impairment
(MCI) and better elucidate the prognostic role of lipophilic micronutrients within their
lipidomic signature. To do so, 123 participants older than 65 years across the
continuum from cognitive integrity to MCI were included [49 with subjective cognitive
impairment (SCI), 29 women, 72.5+5.4y, 26 MCI, 9 women, 74.5+5.8y and 50 without
cognitive impairment (no Cl, NCI), 21 women, 70.8+4.3y]. All participants underwent
neuropsychological and nutritional examination as well as comprehensive geriatric
assessment (CGA) with calculation of the Multidimensional Prognostic Index (MPI) as
a proxy of frailty and biological age and blood withdrawal for the analyses of lipophilic
micronutrients (carotenoids, a-tocopherol and retinol), metabolomics and
oxylipidomics. One year after the evaluation, same tests are ongoing, including blood
sampling. After adjustment for age, sex, daily fruit and vegetable intake, we found a
significant positive correlation between lutein and the number of correct words in
category fluency (p=0.026). This result supports the importance of carotenoids as
robust biomarkers of cognitive performance independent of the nutritional status and
frailty of the participants, as the entire present study collective was robust (MPI 0-0.33).
The complete analyses of the metabolome and the oxylipidome will hopefully shed light
on the metabolic and prognostic signature of cognitive decline in the rapidly growing

population at risk of frailty.

KEYWORDS: Micronutrients, Alzheimer’'s Dementia, dementia, Mild Cognitive

Impairment, Subjective Cognitive Impairment, Frailty
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BACKGROUND

As life expectancy increases worldwide, the frequency of diagnoses of non-
communicable diseases, such as dementia, diabetes type 2 and chronic kidney failure,
is also on the rise [1]. Dementia is particularly worrying -while there are various new
treatment approaches for age-related chronic kidney disease or type 2 diabetes
mellitus (e.g. SGLT-2 inhibitors [2, 3] or GLP-1 analogues [4]), there is still no curative
approach for dementia. The long-awaited anti-amyloid monoclonal antibodies
aducanumab [5] and lecanemab [6], which have been approved by the FDA in the USA
for the treatment of Alzheimer’s Disease (AD), are able to slow down the progression
of the disease, but not to cure it. Hence, the focus of anti-dementia strategies is still
predominantly prevention [7, 8], and clinical entities such as subjective cognitive
impairment (SCI) and mild cognitive impairment (MCI) are under the spotlight with this
purpose [9-11]. Among preventive strategies, nutrition is considered a powerful one
and the recently established field of “nutritional cognitive neuroscience of aging” is
highly active [12, 13]. However, the role of nutrients in cognitive impairment is difficult
to address, due to biomolecular complexity, typically difficult deep phenotyping of study
participants, and lack of detailed longitudinal information, especially in advanced age
[14-16]. In addition to the evidence of a role of micronutrients, especially carotenoids,
in cognitive frailty [12, 17, 18] — involving oxidative stress control [8, 10, 19] — and the
fact that they can be influenced by diet and exercise [13, 14]-, the metabolome,
especially the lipidome, is becoming more and more focus of preventive dementia
research [11, 20-24]. However, complexity of (brain) aging often hinders clear
interpretability of the role of micronutrients in health and disease, as micronutrient
status is influenced by a wealth of components and age-related cognitive frailty is
multifactorial [25]. The aim of the CogL.ife 2.0 study was therefore to deeply phenotype

older adults in the continuum from cognitive integrity to MCI to identify biomolecular,
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nutritional and functional factors associated with longitudinal changes in cognitive

performance.

PATIENTS AND METHODS

Study design

CogLife 2.0 is a longitudinal observational study of 150 volunteers recruited by
advertisement, of which 50 healthy (no cognitive impairment, NCI), 50 with SCI and 50
with MCI. The study was conducted in accordance with the Declaration of Helsinki
(1975) and approved by the Research Ethics Committee of the University of Cologne
(EC:22-1379) in January 2023. The trial was registered in the German Clinical Trials
Register DRKS (DRKS00030000). Contacts were made via a register at Cologne
University Hospital, in which people who had indicated an interest in participating in
clinical trials could sign in. In addition, information was distributed to several
neurological practices in the Cologne area and via a senior citizens' network in
Cologne. Participants who had previously taken part in other studies regarding
neurocognition conducted by the same research working group were informed about

the “CogLife 2.0” study, provided they had agreed to be contacted again.

Participants

Recruitment of participants began on February 13, 2023. Participants were eligible if
they were aged 65 years and older and were interested in learning more about their
cognitive health. Further inclusion criteria were absence of life-threatening, psychiatric
or neurological disorders other than neurocognitive impairment, a Montreal Cognitive

Assessment (MoCA) - score between 18 and 30, no relevant comorbidities (measured
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by a Cumulative lliness Rating Scale - Geriatric (CIRS-G) - score of 2 or less), absence
of over- or underweight (Body Mass Index (BMI) 218 and <30 kg/m?), absence of
vitamin/antioxidant supplementation (except cholecalciferol, Vitamin D supplements)
and not following a vegetarian or vegan diet, adequate visual, auditory and linguistic
acuity to complete neuropsychological testing, as well as the capacity to provide written
and dated informed consent form. Participants were excluded from the study if they
were unable/unwilling to provide consent, displayed language barriers, had current
substance abuse (including nicotine, alcohol, or other substances), or did not meet the

inclusion criteria.

Volunteers were screened for cognitive impairment. If they did not report SCI
and the Montreal Cognitive Assessment (MoCA) [22] resulted in a score of >26, they
were assigned to the no cognitive impairment (NCI) group. If participants reported SCI
and the MoCA scored >26, they were assigned to the SCI group [26, 27]. If the MoCA
resulted in a value of between 18-26 and participants reported stable cognitive function
for 6 months as well as no changes in medication in the last 3 months and intact daily
functions, they were assigned to the MCI group [28, 29]. After signing informed
consent, eligible participants underwent neuropsychological testing, Comprehensive
Geriatric Assessment (CGA) including calculation of the Multidimensional Prognostic
Index (MPI) as well as blood sampling to determine plasma metabolomics,
oxylipidomics and micronutrients. A dietary protocol was sent by email or regular mail
in advance to the baseline visit. In addition to the filled nutritional questionnaire,
participants were asked to complete the World Health Organisation's (WHO) Global
Physical Activity Questionnaire (GPAQ), the European Quality of Life 5 Dimensions
(EQ5D) questionnaire and the self-administered version of the MPI [30]. One year after

the baseline test, participants are currently undergoing follow-up examination, in which
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the above-mentioned tests are performed, including blood sampling for the analyses

mentioned above.

Neuropsychological tests

The Montreal Cognitive Assessment (MoCA) [28] comprises 13 tasks that test 9
cognitive domains: visuospatial abilities, executive functions, naming, memory,
attention, language, abstraction, recall and orientation. Additional tests, including the
trail making test A and B (TMT-A, TMT-B) [31] [25],letter fluency, and category fluency
[26, 27], were performed in all participants. Executive functions were tested using TMT-

B, letter fluency, and category fluency, while attention was assessed using TMT-A [32].

Comprehensive Geriatric Assessment (CGA)

The MPI can be calculated based on a CGA [33] [34]. This index is calculated by using
eight elements: number of medications taken per day, living situation, comorbidities
(CIRS-G) [35], the Mini Nutritional Assessment Short Form (MNA-SF) [36], activities of
daily living (ADL) [37], instrumental activities of daily living (IADL) [38], Exton Smith
Scale (ESS) [39], and the Short Portable Mental Status Questionnaire (SPMSQ) [40].
The MPI's mathematical algorithm delivers a continuous value between 0 and 1, that
can be divided into three groups (<0.33: robust/low risk, 0.34-0.66: pre-frail/moderate
risk and 20.67: frail/high risk), which enables an assessment of their short- and long-
term mortality among other outcomes at follow up [34]. The self-administered version
of the MPI was developed as SELFY-MPI [30] and contains the Test-your-Memory
(TYM) questionnaire instead than the SPSMQ and the 10 questions with several
answer options from the Barthel Index instead than the ESS [30]. The Test Your
Memory (TYM) is a two-sided 50-point cognitive test administered in 5 minutes and
consists of 10 tasks. These cover eight cognitive domains: visuospatial abilities,

executive functions, naming, language, memory, abstraction, attention, orientation.
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Like the MPI, the SELFY-MPI allows a classification into three groups (<0.33:

robust/low risk, 0.34-0.66: pre-frail/moderate risk and 20.67: frail/high risk) [30].

Additional Assessments: Physical Activity and Quality of life

The WHO GPAQ was used to measure the participants' physical activity [41]. This self-
administered questionnaire covers six categories (vigorous physical activity at work,
moderate physical activity at work, physical activity during moving from place to place,
vigorous physical activity during leisure time, moderate physical activity during leisure
time, and sedentary behaviour) over the period of one week. These data were
converted into metabolic equivalents (METs). For each minute of moderate physical
activity, we estimated two METs and for each minute of vigorous physical activity, we
estimated 4 METs. This was totted up and compared with the WHO recommendation
of 600 METs per week [42]. To assess Patient-Reported Outcomes, the European
Quality of Life 5 Dimensions 5 Level (EQ-5D-5L) was used [43]. This brief
questionnaire allows an assessment of the participants’ quality of life regardless of their
illnesses. It comprises five questions, each with five possible answers, which can then
be converted into a score between zero (worst) and one (best). In addition, the
subjective feeling of health on that day is rated on a scale from 0 (the worst imaginable

state of health) to 100 (the best imaginable state of health).

Nutritional assessment

Embedded in the MPI, the MNA in its short form (MNA-SF) is the nutritional evaluation
tool consisting of 6 domains, the answers to which are assigned scores from 0 to 3. It
assesses weight loss, reduced food intake in the last 3 months, acute illness and
severe stress in the last 3 months, as well as mobility, BMI and possible

neuropsychological problems [36]. The maximum score that can be achieved is 14
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points; a normal result is considered if the score is greater than or equal to 11. If the
score is below 11, the index is a validated tool for diagnosis of malnutrition [36]. For
the nutrient analysis, the fruit and vegetable intake of each subject was calculated in
grams. The participants' diet was recorded using a paper-based food frequency
questionnaire based on the “Freiburger Ernahrungsprotokoll” developed by Nutri
Science GmbH in 2015 [44]and has already been successfully established in previous
studies to determine the nutritional status as part of the micronutrient analysis [14, 45].
This protocol categorises 157 foods and 15 beverages into 15 groups and provides a
standard portion size for each. Participants recorded all foods and beverages
consumed over one week, at the end of the questionnaire there was space for notes,
where the participants could enter food items as free text that could not be found in the
pre-prepared questionnaire. Based on this, the daily intake of energy in kilocalories
and mass of macronutrients (protein, fat, carbohydrates) and alcohol in grams were
calculated. The calculation for fruits took into account fresh fruit (e.g., apples, bananas)
and preserved fruit (e.g., compote, canned fruit); the calculation for vegetables took
into account fresh vegetables (e.g., lettuce, salads), cooked vegetables and pulses
(e.g., beans, peas, lentils). The amount of each food item consumed was calculated
by multiplying the frequency of consumption with the portion size indicated in the
questionnaire. Portion sizes of foods that were added as a note were converted to
gram amounts according to the reference values used in the German health interview
and examination survey for adults (Studie zur Gesundheit Erwachsener in Deutschland
1, DEGS1) [46]. The gram amounts for the food items that made up the food groups

“fruits” and “vegetables” respectively were then added together.
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Plasma carotenoid analysis

For the biomolecular analyses, blood was collected in both a serum tube and an EDTA
tube. The serum tube was kept upright for at least 20 minutes to allow complete
coagulation. Within one hour of collection, the serum sample was centrifuged for 15
minutes at 2000 times the gravitational acceleration. The resulting plasma was then
divided into four vials, containing 750 ul, 500 ul, and twice 350 pl and were frozen
along with the EDTA tube at minus 70 degrees Celsius. The analysis included
micronutrients such as carotenoids (lutein, zeaxanthin, lycopene and [3-carotene) [47,
48], vitamin A (retinol), and vitamin E (a-tocopherol); the metabolome (250 biomarkers
including cholesterol, triglycerides, fatty acids, apolipoproteins, amino acids,
glycolysis-related metabolites, fluid balance, inflammation, phospholipids with
subclasses, and others); the oxylipidome (oxidized cholesterols, oxidised
phosphatidylcholines and isoprostanes derived from eicosapentaenoic acid,
arachidonic acid, docosapentaenoic acid, docosahexaenoic acid and adrenic acid)
[24] and the apolipoprotein E genotype. While the metabolomics and oxylipidomic
analyses as well as the follow-up visits are ongoing, the results of baseline plasma
carotenoid levels are available. Carotenoid extraction and HPLC method is based on
Stuetz and Weber with some modifications. Plasma (30ul) was mixed with 150l
ethanol/n-butanol (v/v 1:1) containing BHT (butylated hydroxyl toluene) and the internal
standard concentration B-apo-8'-carotenal. Samples were vigorously mixed and then
centrifuged to remove protein precipitates. Twenty ul of the supernatant was injected
for HPLC analysis. Carotenoid analysis was carried out isocratically on Shimadzu LC
2030C Plus high-performance liquid chromatography (HPLC). All the carotenoid
standards (lutein, zeaxanthin, lycopene and B-carotene, retinol, and a-tocopherol)
were purchased from Cayman Chemicals, USA and HPLC grade solvents were
purchased from Fisher Scientific, UK. Carotenoids were separated using a reversed

9
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phase Suplex pKb-100 HPLC Column 250x4.6 mm, 5 ym (Merck, UK). The mobile
phase was 80% acetonitrile, 20% methanol and 0.05% triethylamine at a flow rate of 1
mL/min. Retinol was detected using absorption spectrum at 325nm and lutein,
zeaxanthin, lycopene and B-carotene were detected at 450 nm. Emission spectrum at
325nm was used to identify a-tocopherol. Quantification of each carotenoid was
performed using the Shimadzu Lab Solutions software in relation to the internal
standard. Concentrations were calculated using the peak area of standard reference

curves [47].

Statistics

The statistical analysis was performed using the IBM software SPSS, version 28.0.
The descriptive statistics are expressed by absolute numbers and relative frequencies
for categorical variables and mean values (standard deviation, SD) or median and the
interquartile range (IQR) for continuous variables. The normal distribution was tested
using the Kolmogorov-Smirnov test. Depending on the distribution, continuous
variables were analysed by t-tests or non-parametric tests such as the Mann-Whitney
U-test between two groups or by the Kruskal-Walli’'s test when comparing more than
two groups. Rates were compared using the chi-square test or Fisher's exact test.
Spearman-Rho was used for the non-parametric correlations. Similarly, linear and
logistic regressions were used for the regression analyses. A P-value below 0.05 was

considered significant.

RESULTS
Due to difficulties in the identification and inclusion in the MCI group, the recruitment
was stopped at 125 participants, and as two NCI volunteers had to be excluded due to

BMI miscalculation, 123 participants are included in the present analysis (Figure 1): 49

10
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SCI (29 women (59.2%), 72.5 5.4 years), 26 MCI (9 women (34.6%), 74.5 £5.8 years)

and 50 NCI (21 women (43.8%), 70.8 +4.3 years).

Demographic and clinical characteristics

After calculation with the Kolmogorov-Smirnov test, normal distributions were found for
education years, weight, height and BMI, letter fluency tests and the micronutrients
except B-carotene, lycopene and retinol. Additionally, the clock drawing time in
seconds and the cube drawing time in seconds (parts of the MoCA for measuring
visuospatial abilities and executive functions) as well as the metabolic equivalents
based on the GPAQ were found to be normally distributed. The statistical calculations

were carried out on this basis as described above.

Of the 123 participants, 59 (48.0%) were female and the average age was 72.3 years
(x 5.2). Seventy-three.2% lived with family members and had an average of 18 years
of education and training (£4.0). The average BMI of all participants was 24.3 (£ 2.8)
kg/m?. A total of 98 participants (79.7%) had already sought advanced care planning,
and 20.3% had been hospitalised in the year prior to study enrolment. The most
common comorbidities were sensory impairments, e.g. visual or hearing impairments
(96.7%), musculoskeletal diseases, e.g. osteoarthritis or lumbago (65.0%) and
endocrinological diseases, e.g. diabetes mellitus or hypothyroidism (62.6%). On
average, the participants took 3 medications daily (IQR 3), 35.0% took more than 3
medications daily. The average MPI score was 0.10 (x0.09), which corresponds to the
low MPI risk group MPI-1. All participants could be assigned to the MPI-1 risk group
and were considered robust, non-frail. Further demographic and clinical data of all

patients are depicted in Table 1.
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Demographic and clinical data of all participants: comparison of NCl — SCI — MCI

There were no statistically significant differences between groups as far as sex is
concerned. With 74.5 £5.8 years, the average age of MCI was significantly higher
(p=0.022) than in SCI (72.5 £ 5.4) and NCI (70.6 = 4.3). Accordingly, all subsequent
analyses were adjusted for age and sex. There was no significant difference in the
period of education (p=0.130), but more participants with SCI were living alone (42.9%)
compared to the other groups (NCI 10.4% and MCI 26.9%, p=0.055). There were no
differences between the groups in terms of body composition, i.e. weight, height and
BMI, and comorbidities. The MPI score was highest in SCI with a mean value of 0.13
1 0.09 (p=0.054) compared to NCI group (0.07 + 0.08) and MCI group (0.10 + 0.09),
but all observed values were in the range of the MPI-1 group and participants could be
therefore considered robust (0.00-0.33). After adjustment for age and sex, no
significant differences were found between groups as far as neuropsychological tests
are concerned, with the exception of MoCA scores. Further demographic features of

the participants are displayed in table 1.

After adjustment for age, sex and daily fruit and vegetable intake, the
micronutrient levels were significantly different between the three groups only for a-

tocopherol (p=0.035) /Table 2)

Linear Regressions

All participants

As mentioned above, linear correlations were adjusted for age, sex and daily
fruit and vegetable intake. There was a significant positive correlation between plasma
lutein levels and the number of correct words in category fluency (b=3.65, p=0.026),
which remained statistically significant after adjustment for age, sex, nutritional intake

and MNA-SF (p=0.024). There was a significant negative correlation for both
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zeaxanthin (b=-1.79, p=0.003) and a-tocopherol (b=-0.32, p=0.009) with the CIRS-G
score of the participants. Additionally, there was a significant negative correlation for
zeaxanthin and the medications taken daily (b=-6.12, p=0.005). For a-tocopherol, a
positive correlation with the MNA-SF was seen as well (b=0.71, p=0.010). Further

linear regressions of the entire study collective are illustrated in Table 3.

DISCUSSION

With this preliminary analysis of the ongoing CogLife 2.0-study, we were able to
demonstrate a significant correlation between cognitive performance and plasma lutein
concentrations across the continuum from cognitive integrity to MCI in otherwise robust
community dwellers. While our results are consistent with previous reports [14, 17,
45], the present observation is particularly of note due to its independency from several
nutritional indicators. The lipophilic micronutrients from the carotenoid group (lutein,
zeaxanthin, lycopene, B-carotene) as well as retinol (vitamin A) and a-tocopherol
(vitamin E) appear to be particularly important in the prevention of dementia due to
their antioxidant effects and the possibility of reducing inflammation by binding free
radicals [8, 12, 17]. Carotenoids are generally regarded as robust biomarkers that can
allow conclusions to be drawn about the nutrition of the participants [49]. Previous
studies have already shown that lipophilic antioxidant micronutrients are significantly
associated with cognitive performance and physical fithess in MCI patients [14, 45] as
well as in healthy adults [49]. We could now confirm this trend in the continuum from
cognitive integrity to MCI in deeply phenotypised, otherwise nonfrail community
dwellers. In the MARK-Age study, higher levels of carotenoids were significantly
associated with a lower risk of cognitive frailty in healthy volunteers aged 35 — 74 years
[17]. In the present analysis, the association between xanthophyll components and

verbal fluency, known to well discriminate between normal aging, amnestic MCl and
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AD [50], was shown to be independent from nutritional status and daily fruit and

vegetable intake, in addition to age and sex [24, 51]. .

Being the brain extremely susceptible to age-associated biochemical changes in the
body, especially oxidative stress, RNA oxidation, accumulation of unsaturated fatty
acids and neurotransmitter auto-oxidation [12], [18, 52], carotenoids, especially
xanthophylls, may exert a particularly protective role on cognitive and motoric functions
[12, 25]. Preferential uptake systems and the interconnections shown so far between
lipophilic micronutrients and the lipidome, in addition, might be influenced by
inflammaging and other aging hallmarks [11, 53]. Based on these findings, the ongoing
oxylipidomics and metabolomics analyses may uncover determinant biomolecular
pathways explaining to date poorly understood brain protective mechanisms of

carotenoids.

The entire study cohort was highly educated (the median duration of education and
training was between 18.6 and 16.8 years) and therefore health conscious, which is a
typical limitation of this kind of studies. This health consciousness is also seen in
participants’ diet, as there were no significant differences in daily fruit and vegetable
consumption between the three groups (see Table 1). However, the longitudinal nature
and the intent of the study are purposefully aiming at embracing and disentangling
complexity of brain aging beyond habits. Another potential limitation of the study is the
small number of recruited MCI participants. However, several significant differences
were found among groups and once again the profound explorative mechanistic scope

of this investigation does not require large numbers typical of epidemiological studies.

In summary, this study, analogous to previous studies, underscores the importance of
lipophilic micronutrients as biomarkers of cognitive performance and frailty beyond

their role of nutritional indicators. For a better understanding of the cognitive functions
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in association with the biomarkers and the development of cognitive performance

in

the longitudinal course, the complete analyses of the metabolome and the oxylipidome

and the completion of the 1-year follow-up of the present study are eagerly awaited.
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554 Table 1: Demographical and clinical data for all participants
All patients NCI (no SCI MCI (mild p-value®
(n=123) cognitive (subjective cognitive
impairment) cognitive impairment)
(n=48, 39.0%) impairment) (n=26, 21.1%)
(n=49, 39.8%)
Female, n (%) 59 (48) 21 (43.8) 29 (59.2) 9(34.6) 0.097
Age at recruitment (years), mean (SD) 72.25(5.24) | 70.8 (4.34) 72.5 (5.36) 74.5 (5.80) 0.022
Living conditions, n (%) 0.055
Alone 33 (26.8) 5 (10.4) 21 (42.9) 7 (26.9)
With family/relatives 90 (73.2) 43 (89.6) 28 (57.1) 19 (73.1)

Period of education (years), mean (SD)

18.07 (3.96

18.6 (4.10

18.2 (3.81

16.8 (3.85

0.130

Hospitalisation in the last 12 months, n (%) | 25 (20.3) 9 (18.8) 10 (20.4) 6 (23.1) 0.906
Falls in the last 12 months, n (%) 12 (9.8) 2(4.2) 6 (12.2) 4 (15.4) 0.089
Advanced care planning, n (%) 98 (79.7) 42 (87.5) 37 (75.5) 19 (73.1) 0.081
Taking more than 3 drugs per day, n (%) 43 (35 14 (29.2 21 (42.9 8 (30.8 0.747

Heart disease, n (%) 37 (30.1) 4 (29.2) 15 (30.6) 8 (30.8) 0.585
Hypertension, n (%) 4 (52) 24 (50) 26 (53.1) 14 (53.8) 0.849
Vascular/Blood /Lymphatic Disease, n (%) 39 (31.7) 18 (37.5) 11 (22.4) 10 (38.5) 0.665
Respiratory disease, n (%) 20 (16.3) 7 (14.6) 8 (16.3) 5(19.2) 0.464
Diseases of the sensory organs, n (%) 119 (96.7) 47 (97.9) 48 (98) 24 (92.3) 0.392
Diseases of the upper Gl tract, n (%) 36 (29.3) 14 (29.2) 15 (30.6) 7 (26.9) 0.741
Diseases of the lower Gl tract, n (%) 22 (17.9) 8 (16.7) 10 (20.4) 4 (154) 0.989
Liver disease, n (%) 13 (10.6) 6 (12.5) 4 (8.2) 3 (11.5 0.984
Kidney disease, n (%) 9(7.3) 4 (8.3) 4 (8.2) 1(3.8) 0.487
Diseases of the urogenital tract, n (%) 55 (44.7) 21 (43.8) 22 (44.9) 12 (46.2) 0.791
Musculoskeletal diseases, n (%) 0 (65) 27 (56.3) 33 (67.3) 20 (76.9) 0.086
Neurological diseases, n (%) 24 (19.5) 7 (14.6) 10 (20.4) 7 (26.9) 0.282
Endocrinological diseases, n (%) 7 (62.6) 28 (58.3) 36 (73.5) 13 (50.0) 0.719

gram), median (IQR)

(341.43)

(281.67)

Psychiatric disorders, n (%) 59 (48 13 (271 34 (69.4 12 (46.2

Weight (in kilogram), mean (SD) 72.43 74.7 (12.36) 70.4 (11.87) 72.0 (12.91)

Height (in centimetres), mean (SD) 2172232? 173.2 (8.99) 170.9 (8.78) 173.2 (8.70) 0.720
Body mass index (BMI) in kg/m?, mean (SD) (2318257) (2.76) | 24.80 (2.81) 23.98 (2.73) 23.85 (2.69) 0.409
Fruit and vegetable intake per day (in 455.83 455.83 (377.14) | 457.50 445.00 (396.50) | 0.837

(n= 116 total)

GPAQ WHO Recommendations met: yes 112 (94.1) 44 (95.7) 44 (91.7) 24 (96.0) 0.709
n (%) (n=119)
GPAQ WHO MET (minutes), median (IQR) 3600 (4520) | 3280 (4920) 3840 (4200) 3660 (4883) 0.971
(n= 119 total)
GPAQ WHO sitting (minutes), median (IQR) | 1680 (2100) | 2310 (1920) 1470 (2130) 1260 (1770) 0.016

n= 93 total,

ADL, median (IQR) 6 (0) 6 (0) 6 (0) 6 (0) 0.324
IADL, median (IQR) 8 (0) 8 (0) 8 (0) 8 (0) 0.025
MNA-SF, median (IQR) 13 (2) 13 (2) 13 (2) 14 (2) 0.519
SPMSQ, median (IQR) 0 (0) 0 (0) 0 (0) 0(0) 0.312
ESS, median (IQR) 20 (0) 20 (0) 20 (0) 20 (1) 0.486
CIRS-G, median (IQR) 0 (1) 0 (1) 1(1) 0(1) 0.455
Medications taken daily, median (IQR) 3(3) 2(3) 3 (4) 3(2) 0.692
MPI, mean (SD) 0.10 (0.09) | 0.07 (0.08) 0.13 (0.09) 0.10 (0.09) 0.054
SELFY-MPI score, median (IQR) 0.19(0.13) | 0.13(0.14) 0.25 (0.13) 0.19 (0.13) 0.068

(n= 119 total)

Montreal Cognitive Assessment, median 28 (2) 28 (2) 24 (2) <0.001
(IQR)

TMT-A in seconds, median (IQR) 35 (16.9) 34 (14.6) 33 (16.8) 42 (21.8) 0.094
TMT-B in seconds, median (IQR) 87 (51) 73 (52) 86 (50.2) 90.5 (46.3) 0.103
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Letter fluency (L), mean (SD) 13.9 (4.5) 13.3 (4.0) 14.0 (3.9) 14.5 (4.4) 0.596
Letter fluency (B), mean (SD) 15.3 (4.7) 14.8 (4.5) 15.6 (5.1) 14.4 (3.4) 0.261
Letter fluency (S), mean (SD) 16.6 (4.9) 16.6 (3.9) 17.2 (6.0) 15.8 (5.3) 0.144
Category fluency (animals), mean (SD) 22.6 (4.6) 22.6 (3.5) 22.8 (4.4) 20.3 (3.8) 0.139
Test your memory, median (IQR) 49 (3) 49 (2) 49 (3) 47 (4) 0.010
(n= 122 total)

Quality of life

Mobility (n= 117). n (%) 0.854
No problems 110 (94.0) 44 (95.7) 43 (91.5) 23 (95.8)

Minor problems 4 (3.4) 1(2.2) 1(4.3) 1(4.2)

Moderate problems 3(2.6) 1(2.2) 2(4.3) 0 (0.0)

Severe problems 0(0.0) 0(0.0) 0(0.0) 0 (0.0)

Selfcare (n=117), n (%) 0.473
No problems 116 (99.1) 46 (100) 46 (97.9) 24 (100)

Minor problems 1(0.9) 0 (0.0) 1(2.1) 0 (0.0)

Moderate problems 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Severe problems 0 (0.0) 0 (0.0) 0 (0.0) 0(0.0)

Activities of daily living (n=116), n (%) 0.600
No problems 113 (97.4) 45 (97.8) 45 (97.8) 23 (95.8)

Minor problems 3(2.6) 1(2.2) 1(2.2) 1(4.2)

Moderate problems 0 (0.0) 0 (0.0) 0(0.0) 0 (0.0)

Severe problems 0 (0.0) 0 (0.0) 0(0.0) 0 (0.0)

Pain (n=116). n (%) 0.050
No problems 59 (50.9) 28 (60.9) 19 (41.3) 12 (50.0)

Minor problems 47 (40.5) 15 (32.6) 24 (52.2) 8 (33.3)

Moderate problems 8 (6.9) 3 (6.5) 2 (4.3) 3 (12.5)

Severe problems 2(1.7) 0(0.0) 1(2.2) 1(4.2)

Fear/Depression (n= 116), n (%) 0.605
No problems 102 (87.9) 42 (91.3) 39 (84.8) 21 (87.5)

Minor problems 14 (12.1) 4 (8.7) 7(15.2) 3(12.5)

Moderate problems 0 (0.0) 0(0.0) 0 (0.0) 0 (0.0)

Severe problems 0 (0.0) 0 (0.0) 0(0.0) 0(0.0)

Visual analog scale (n=116), median (IQR) 90 (11) 90 (10) 87 (10) 85 (10) 0.116

555
556

557

558

559

560

561

562

563

564
565
566

567

568

569

Table 1 Subtitle: Demographic and clinical data of baseline characteristics for all patients and divided

into no cognitive impairment (NCI), subjective cognitive impairment (SCI) and mild cognitive impairment
(MCI), p-value significant when p<0.05. Abbreviations: standard deviation (SD), interquartile range
(IQR), gastrointestinal (Gl), trail-making-test A/B (TMT A/B), Activities of daily living (ADL), Instrumental
Activities of daily living (IADL), Mini nutritional assessment — short form (MNA-SF), Exton-Smith-Scale
(ESS), Cumulative lliness Rating Scale-Geriatric (CIRS-G), Multidimensional Prognostic Index (MPI),
World Health Organisation's (WHO) Global Physical Activity Questionnaire (GPAQ), metabolic

equivalent . °p-value adjusted for age and sex
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Table 2: Micronutrients

Lutein (in pmol/l), mean (SD) 0.70 (0.25) | 0.66 (0.21) 0.72 (0.25) 0.72 (0.33)

Zeaxanthin (in pmol/l), mean (SD) 0.16 (0.11) | 0.15 (0.08) 0.15 (0.09) 0.21(0.17) 0.057
Lycopene (in pmol/l), median (IQR)) 0.84 (0.52) | 0.72(0.53) 0.87 (0.56) 0.89 (0.55) 0.080
B-caroten (in umol/l), median (IQR) 0.70 (0.56) | 0.69 (0.59) 0.82 (0.62) 0.49 (0.53) 0.595
a-tocopherol (in pmol/l), mean (SD) 2.94(0.59) | 2.80(0.58) 2.99 (0.62) 3.09 (0.53) 0.035
Retinol (in pmol/l), median (IQR) 112(0.29) | 1.11(0.28) 1.17 (0.27) 1.08 (0.33) 0.480
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Table 2 Subtitle: Demographic and clinical data of baseline characteristics for all patients and divided

into no cognitive impairment (NCI), subjective cognitive impairment (SCI) and mild cognitive impairment

(MCI), p-value significant when p<0.05. Abbreviations: standard deviation (SD), interquartile range

(IQR). °p-value adjusted for age, sex and nutrition intake

Table 3: Linear regressions (adjusted for age, sex and daily fruit and

vegetable intake) including all participants (only for p <0,1)

Items of the Multidimensional Prognostic Index
(MPI) Micronutrients
b SE p-value b SE p-value
IADL MoCA Lutein Category fluency (animals
1.72 0.71 3.65 1.61 H
TMT-A in seconds Medications taken daily
920 467  0.051 -1.60  0.94 0.092
TMT-B in seconds Zeaxanthin TMT-B in seconds
-35.34  13.61 -61.46 36.15 0.092
Test your memor Category fluency (animals)
321 076 6.32 3.79 0.098
SPMSQ Test your memor Test your memory
-1.51  0.76 -3.67  2.09 0.082
Category fluency
ESS (animals CIRS-G score
-1.62 0.75 -1.79 0.58
Test your memor Medications taken dail
1.07 0.41 -6.12 2.13
CIRS-G score TMT-A in seconds MPI score
4.52  1.91 -0.15__ 0.08 0.059
TMT-A in seconds Lycopene MoCA
Medications taken daily 145 052 -1.08  0.39 0007
TMT-B in seconds TMT-A in seconds
295 1.59 0.066 4.72 2.62 0.074
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Category fluency
(animals) TMT-B in seconds
-0.30 0.17 0.069 22.91 7.55
Letter fluency (B
-2.22 0.84
Category fluency (animals)
-1.51 0.82 0.068
ADL
-0.09 0.05 0.051
[B-carotene SPMSQ
-0.08 0.05 0.091
ESS
0.17 0.09 0.057
MNA-SF
a-tocopherol 0.71 0.27
CIRS-G score
-0.32 0.12
MPI score
-0.03 0.02 0.069
SELFY-MPI score
-0.03 0.02 0.051
Retinol Letter fluency (F)
3.58 2.09 0.093
ADL
-0.19  0.10 01044}

Subtitle Table 3: Regression statistics of the baseline data for all patients adjusted for age, sex and

nutrition intake, p-value significant when p<0.05. Abbreviations: regression coefficient (b), standard error
(SE), trail-making-test A/B (TMT A/B), Activities of daily living (ADL), Instrumental Activities of daily living
(IADL), Mini nutritional assessment — short form (MNA-SF), Short Portable Mental Status Questionnaire
(SPMSQ), Exton-Smith-Scale (ESS), Cumulative lllness Rating Scale - Geriatric (CIRS-G),

Multidimensional Prognostic Index (MPI)
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Figure 1: Flow-chart CogL.ife 2.0

Flow-Chart CoglLife 2.0: Baseline analysis January - September 2024

Planned study enrolment CoglLife 2.0

Healthy (no cognitive impairment, NCI,
n=50)

Participants with subjective cognitive
impairment (SCI, n=50)

Participants with mild cognitive
impairment (MCI, n=50)

A J Reason for exclusion:
Contacted n=236 Personal reasons (n=26)
Health-related reasons (n=5)
Screened n=203 Over- or underweight (n=18)

Taking vitamin supplements (n=6)
Vegetarian or vegan diet (n=2)
Taking antioxidants (n=3)
Smoking (n=2)

Completion of NCI group (n=6)
Other reasons (n=19)

Total n=78 excluded

v
Baseline testing

NCI (n=50)
SCI (n=49)
MCI (n=26)

Total n=125

Excluded for baseline analysis:

»
»

BMI > 30 (n=2)

A
Baseline analysis

NCI (n=48)
SCI (n=49)
MCI (n=26)

Total n=123

Figure 1 subtitle: The initial plan was to include 150 participants. To achieve this, 236 possible

candidates were contacted, 203 of whom agreed to participate in the study after the initial expression of
interest. After screening these 203, 78 were excluded for the reasons listed and 125 were included in
the study. 2 participants had to be subsequently excluded from the analysis due to too high Body Mass

Index (BMI). The present analysis is therefore based on data from 123 participants.
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