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Abstract

Background Multimodal lifestyle interventions can benefit overall health, including cognition, in populations at-risk
for dementia. However, little is known about the effect of lifestyle interventions in patients with prodromal Alzhei-
mer’s disease (AD). Even less is known about dietary intake and adherence to dietary recommendations within this
population making it difficult to design tailored interventions for them.

Method A 6-month MIND-AD,,,;,; pilot randomized controlled trial (RCT) was conducted among 93 participants

with prodromal AD in Sweden, Finland, Germany, and France. Three arms were included in the RCT: 1) multimodal life-
style intervention (nutritional guidance, exercise, cognitive training, vascular/metabolic risk management, and social
stimulation); 2) multimodal lifestyle intervention + medical food product; and 3) regular health advice (control group).
Adherence to dietary advice was assessed with a brief food intake questionnaire by using the Healthy Diet Index

(HDI) and Mediterranean Diet Adherence Screener (MEDAS). The intake of macro- and micronutrients were analyzed
on a subsample using 3-day food records.

Results The dietary quality in the intervention groups, pooled together, improved compared to that of the control
group at the end of the study, as measured with by HDI (p=0.026) and MEDAS (p=0.008). The lifestyle-only group
improved significantly more in MEDAS (p=0.046) and almost significantly in HDI (p=0.052) compared to the con-
trol group, while the lifestyle + medical food group improved in both HDI (p=0.042) and MEDAS (p=0.007) dur-

ing the study. There were no changes in macro- or micronutrient intake for the intervention groups at follow-up;
however, the intakes in the control group declined in several vitamins and minerals when adjusted for energy intake.

Conclusion These results suggest that dietary intervention as part of multimodal lifestyle interventions is feasible
and results in improved dietary quality in a population with prodromal AD. Nutrient intakes remained unchanged
in the intervention groups while the control group showed a decreasing nutrient density.

Trial registration ClinicalTrials.gov NCT03249688, 2017-07-08.
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Introduction

Alzheimer’s disease (AD) and dementia are important
and multifaceted public health challenges in an aging
population. Given that the number of dementia cases
is projected to triple by 2050, there is a growing need
for effective measures to prevent and slow the disease
process [1, 2]. Although there have been encourag-
ing advancements in the use of new anti-amyloid drugs
[3-5], these disease modifying drugs for AD are not suit-
able for everyone. Observational studies support mul-
tifactorial pathological processes in dementia, with a
healthy lifestyle linked to reduced cognitive decline. The
Lancet Commission identified 12 modifiable risk factors
that could account for approximately 40% of all demen-
tia cases [6]. These risk factors for cognitive decline are
interconnected and can have synergistic effects, and they
are linked to many factors that were not listed like diet.
Although a healthy diet is regarded as a crucial compo-
nent of healthy aging, the relationship between diet and
cognitive function is still evolving, with often inconsist-
ent or conflicting findings [7]. Diet should be considered
a complex, multifaceted aspect that includes both ben-
eficial and detrimental components, which can influence
the brain either directly or indirectly [8].

The prodromal stages of AD that occur before clinically
significant cognitive impairment present valuable oppor-
tunities to prevent or delay dementia onset [9]. Currently
there is limited knowledge about lifestyle and especially
diet in this group. Already in the early stages of disease,
patients are at increased risk of being or becoming mal-
nourished [10-14]. Moreover, irrespective of their overall
nutritional status, patients with early AD (i.e. mild cogni-
tive impairment (MCI) due to AD) [15] have an elevated
need for energy containing nutrients [16]. AD is often
associated with unintentional weight loss, which results
in declining functional capacity [17].

Currently it is unclear which dietary factors are the
most effective in preventing or delaying dementia,
and whether there are differences in nutritional needs
between the disease stages. Observational studies sug-
gest a protective association between specific nutrients
(folate, vitamin D and certain lipids) or food groups (veg-
etables, fruits, nuts, legumes, berries, fish, and seafood)
and cognition in older people [18]. Additionally, dietary
patterns, particularly the Mediterranean, DASH (Dietary
Approach to Stop Hypertension), and MIND (Medi-
terranean-DASH Intervention for Neurodegenerative
Delays) have been related to improved cognitive function
and a reduced risk of developing AD [19]. Observational

studies are prone to reverse causation, confounding, and
overadjustment [19]. However, only one larger-scale
intervention trial has been completed for the Mediter-
ranean diet [20], with positive results; and one for the
DASH diet [21], and one for the MIND diet with no effect
on cognition [22]. Diet intervention trials designed pri-
marily to prevent cognitive decline, especially for people
with prodromal AD, are limited and previous trial evi-
dence is inconsistent [22—-24]. However, the LipiDiDiet
trial has shown promising results using the medical food
product Fortasyn Connect (Souvenaid™) in the targeted
prodromal AD population [25, 26]. Nutritional interven-
tions have been highlighted to be particularly important
in the prodromal stages due to decreasing blood circu-
latory nutrient status with subsequent nutritional insuf-
ficiencies [27]. Hence, there is a need for intervention
studies to identify the ideal dietary composition, evaluate
feasibility, and assess adherence among individuals with
prodromal AD.

The FINGER study, a randomized controlled trial tar-
geting at-risk older individuals demonstrated the poten-
tial benefits of a multimodal lifestyle intervention in
preventing cognitive decline [28]. The dietary component
of the FINGER intervention was proven to be successful
in promoting healthy dietary changes related to improve-
ments in cognition [29, 30]. Adopting the results from
the FINGER study, the Multimodal Preventive Trial for
Alzheimer’s Disease (MIND-AD, ;) trial explored the
feasibility of the FINGER intervention in individuals with
prodromal AD by integrating lifestyle components with
the medical food product Fortasyn Connect [31]. The aim
of this study was twofold. First, we aim to evaluate over-
all diet quality and intervention-related changes in diet
quality using dietary indices within a multimodal lifestyle
intervention for patients with prodromal AD. In addi-
tion to the pre-specified secondary outcome, the MEDAS
score [32] reflecting adherence to the Mediterranean
diet, we utilized the Healthy Diet Index [33], a tool for-
mulated and validated to measure adherence to a health-
promoting diet particularly in Nordic countries. Second,
we assessed the level of nutrient intake and changes
within the Swedish and Finnish study population.

Methods

Recruitment of participants

Ninety-three participants with prodromal AD, according
to the International Working Group-1 criteria [34], were
recruited from memory clinics in Stockholm, Sweden,
and Toulouse, France, through media advertisements in
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Frankfurt, Germany, and from previous research cohorts
in Kuopio, Finland, via the university hospital neurology
clinic. Participants were older adults between 60 and 85
years of age with an MMSE score of >24 and an eligible
study partner, who could help facilitate the intervention
components, as well as room for lifestyle improvement
according to the MIND-AD ;. study specific healthy
lifestyle index. Further inclusion criteria have been pre-
sented in the study protocol [31].

Exclusion criteria included preexisting dementia diag-
nosis or major depressive disorder according to the Diag-
nostic and Statistical Manual of Mental Disorders, Fourth
Edition (DSM-1V); concomitant severe disease; intake of
supplements for vitamin B6, vitamin B12, folic acid, vita-
min C, or vitamin E exceeding 200% of the recommended
daily intake (RDI)(above recommendations in NNR [35])
unless prescribed by a physician; or use of omega-3 prep-
arations (>500 mg eicosapentaenoic acid (EPA)+doco-
sahexaenoic acid (DHA) per day).

Trial design

A complete description of the study can be found in the
study protocol [31]. The study was a randomized, con-
trolled, parallel-group feasibility study with three groups:
a lifestyle intervention only group, a lifestyle + medi-
cal food group, and a control group receiving standard
health advice. The CONSORT checklist and flowchart,
feasibility and adherence to the intervention compo-
nents as well as dropouts have been reported earlier [36].
In brief, the intervention consisted of an adapted FIN-
GER model with five modalities: healthy dietary advice,
physical exercise, cognitive training, social activity, and
monitoring and treatment of cardiovascular risk factors.
The intervention lasted for 6-months. The medical food
product was a 125 ml once-a-day milk-based drink with
the multinutrient combination Fortasyn Connect. The
combination contains elevated levels of the long-chain
omega-3 fatty acids EPA and DHA, uridine monophos-
phate, choline, vitamins B12, B6, C, and E, folic acid,
phospholipids, and selenium. Participants receiving the
medical food product were instructed to fill in a written
record on their adherence and to bring in empty bot-
tles for counting. The study was approved by the ethics
review boards in each country and all participants pro-
vided written informed consent.

Assessment

Study visits have previously been described [31]. In short,
participants completed a demographic questionnaire,
and underwent physical and cognitive measurements.
A trained study nurse measured height, weight, hip (at
the level of the largest lateral extension of the hips), and
waist (midpoint between lowest rib and the iliac crest)
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circumference whilst participants were standing [37].
Blood pressure was measured twice and the mean of
the two measurements was used. The main dietary data
source was a brief food intake questionnaire (FIQ), which
consisted of 48 multiple-choice questions (frequency
and quality), to evaluate overall diet quality in all coun-
tries. The FIQ combines questions from two previously
validated questionnaires [38, 39]. Additionally, data were
also obtained from a 3-day food record of three days, i.e.,
two weekdays and one weekend day (Friday-Sunday), to
calculate nutrient intakes. Only food records from Swe-
den (n=21) and Finland (n=29) were available and used
to calculate nutrient intake. Participants received writ-
ten instructions to document all the foods and beverages
they consumed, specifying the type, brand, and method
of preparation, and utilizing household measures. They
were also asked to record any vitamin and mineral sup-
plements they might have taken with dosage, interval,
and brand name.

Dietary intervention
Participants in the intervention groups received dietary
counseling through three group sessions and three indi-
vidual sessions with the study dietitian. Individual ses-
sions were at baseline, 3 months, and 4 months and were
scheduled to be 30 min long. Dietary guidance were tai-
lored according to and improved on the participant’s pre-
vious diet. The group sessions were intended to provide
more information, motivation, and resources to support
participants in making and maintaining dietary changes.
Sessions shared themes between sites to ensure similar
content and intensity while allowing national adapta-
tions. Themes included e.g. dietary fat quality; vitamins,
minerals, and antioxidants; grocery shopping and nutri-
tion labels; and alcohol consumption. The study partner
was encouraged to attend group and individual sessions.
Recommendations were based on the latest national
recommendations at the time, e.g. the Nordic Nutrition
Recommendations 2012 [35] in Finland and Sweden.
Participants in the intervention groups were encouraged
to consume >500 g of vegetables and fruit/day,>2 por-
tions of fish or shellfish each week, rapeseed or olive oil
when cooking instead of butter, wholegrain cereal prod-
ucts instead of refined ones, and limited sugar and sweet
intake. The nutrient intake goals included 15-20 E% pro-
tein; 25—-40 E% fat where of saturated fatty acids (SFA) < 10
E%; monounsaturated fatty acids (MUFA) 10-20 E%; pol-
yunsaturated fatty acids (PUFA) 5-10 E% of which n-3>1
E%; trans-fatty acids as low as possible; 45-60 E% carbo-
hydrates of which refined sugar<10 E%; 25-35 g dietary
fiber/day; salt (NaCl)<6 g/day; and alcohol<5 E%. All
participants in the intervention groups were advised to
take an additional vitamin D supplement of 10-20 pg/day.
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In addition to diet intervention, both active inter-
vention groups were invited twice weekly for physi-
cal exercise in the group and cognitive training. They
also met the study physician for management of their
risk factors.

Definition of healthy diet

Changes in dietary quality within and between groups
were analyzed using the modified version of the Healthy
Diet Index (HDI) [33] and the modified Mediterranean
Diet Adherence Screener (MEDAS) [32] score. Both are
calculated from the brief FIQ. The MEDAS score was a
prespecified secondary outcome in the MIND-AD trial
and HDI was introduced as an exploratory outcome
more suited for Nordic countries. FIQ, being developed
and validated in Finland [33]. The HDI consists of seven
weighted domains: meal patterns 0-10 points, grains
0-20 points, fruits and vegetables 0-20 points, fats 0-15
points, fish and meat 0-10 points, dairy 0-10 points,
and snacks and treats 0—15 points; for a total of 100
points. However, data on the use of cream for cooking
and consumption of frankfurters were not available; thus
the maximum achievable HDI score was 97 points. The
MEDAS is a validated tool that consists of 14 questions,
each with 1 point. It was developed as a short screen-
ing tool to assess adherence to the Mediterranean diet.
Components related to fat quality were modified so that
also other vegetable oils were accepted as positive com-
ponents, e.g. rapeseed oil which is typically used instead
of olive oil in the Nordic countries. Margarine was also
excluded for the question regarding bread spreads due
to it being recommended over butter because its favora-
ble fatty acid composition. Dietary record data were
recorded by dietitians and analyzed using a software pro-
gram (DietistNet Pro) with each corresponding country’s
national food composition database (Livsmedelsverkets
database 2021-05-03 for Sweden and Fineli database
release 20, 2019-07-27 for Finland). Nutritional intake
was analyzed as the mean intake of the 3 days including
any dietary supplements. Nutrient intake from medical
food products is analyzed together with food records but
consumption is not recorded in the FIQ or considered in
the indices. Participants in the intervention group com-
pleted their baseline food records after medical product
use was initiated, and thus, the baseline records included
intake from the product.

Statistical analysis

Baseline characteristics were reported using descriptive
statistics and compared between intervention arms (con-
trol, lifestyle, lifestyle + medical food) using ANOVA for
continuous variables and chi-square tests for categori-
cal variables. We carried out a mixed linear effect model
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to investigate the effect of the intervention on MEDAS,
HDI, and nutrient intake, by introducing the interaction
term between the intervention groups and time. We fur-
ther examined the changes in MEDAS, HDI, and nutri-
ent intake, within each intervention group by examining
whether the slope estimated for the linear mixed effect
was significantly different from 0. This is to capture the
trajectories of nutrient intake, HDI, and MEDAS within
each intervention group. The models were adjusted
for age, sex, and education. The results are reported as
beta-coefficients and standard errors (SEs). Nutrient
intake was examined in two ways: as a crude amount
and nutrient density. For energy-containing nutrients we
calculated proportion of energy intake for each type of
macronutrient, and for micronutrients we used unit per 1
megajoule of energy. To ensure accurate analysis, the data
was log-transformed to reduce skewness, but for ease of
understanding, the results are presented in their origi-
nal form, along with the statistical significance (P values)
derived from the transformed data. Since the MIND-
AD,;,; trial aimed to measure the feasibility and adher-
ence of the multimodal intervention in individuals with
prodromal AD, formal sample size calculations were not
conducted. p<0.05 was considered to indicate statistical
significance.

Data analysis was performed using R statistical soft-
ware version 4.1.3 (R Core Team, 2023) with the tidyverse
[40] package used for data management and visualiza-
tion, the Ime4 [41] and ImerTest [42] packages for linear
mixed modeling.

Results

Participant characteristics

Table 1 Baseline characteristics and anthropometric
measurements of all randomized participants.

The participants were on average 72.9 years old and
52.3% were female with no differences between the
intervention groups and the control group at baseline,
as shown in Table 1. No changes in these character-
istics, except for systolic blood pressure, were found
between baseline and the 6-month follow-up. We
observed a decrease in systolic blood pressure in the
lifestyle intervention + medical food group (f=-10.438,
SE=3.295, p for within group change <0.001), but not
in the other groups. Overall, 79 (84.9%) participants in
all countries had FIQ from both visits, and 50 (75.7%)
participants in Sweden and Finland had both 3-day
food records FIQ.

Healthy diet index

There was a moderate positive correlation between
the HDI and MEDAS score, with a Pearson correlation
coefficient of r(59)=0.552 and p<0.001 at baseline. As
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Table 1 Baseline characteristics and anthropometric measurements of all randomized participants

Characteristic Control, (n=30) Lifestyle intervention, Lifestyle intervention + medical P
(n=32) food, (n=31)

Age, years, mean (SD) 73.7 (5.7) 724 (6.3) 72.7 (6.8) 0.698
Sex female, n (%) 14 (47.7) 21 (65.6) 15 (48.4) 0.249
MMSE, median (IQR) 28 (27-29) 28 (26-29) 28 (27-29) 0.674
Education, years, mean (SD) 13.7(3.2) 123 (3.7) 125 (4.0) 0.303
Smoking, %

Never 23 (76.7) 27 (84.3) 24 (77 4)

Former 4(13.3) 4(12.5) 6(19.3)

Current 3(10.0) 13.1) 1(3.2)

Dropouts, n % 1(33) 4(12,5) 3097)

BMI, kg/mz, mean (SD) 26.1(3.8) 25.7 (3.8) 26.6 (4.1) 0.661

Waist, cm, mean (SD) 954 (8.8) 93.0(11.8) 96.4 (14.7) 0527

Waist/hip-ratio, mean (SD) 0.94 (0.08) 0.91 (0.09) 0.93(0.10) 0611

SBP, mmHg, mean (SD) 143 (20) 140 (15) 145(17) 0.498
All P-values >0.2
Abbreviations: MMSE Mini Mental State Examination, /QR Interquartile range, BMI Body Mass Index, SBP Systolic Blood Pressure
Table 2 Overview of HDI and MEDAS score for all study groups and the pooled intervention group

Control (n=28) Lifestyle P* Lifestyle + Medical P* Pooled Intervention P*
Intervention Food (n=29) Groups (n=57)
(n=28)

HDI

Median (IQR) Baseline 59 (52-65) 50 (42-58) 58.0 (51-64) 56.0 (48-63)

Mean A (SE) 6-m -24(1.6) 1.9(1.5) 0.052 310.2)* 0.040 25(1.0* 0.027
MEDAS

Median (IQR) Baseline 6.0 (4-7) 6.0 (5-8) 5(5-7) 0(5-8)

Mean A (SE) A 6-m -04(0.3) 0.5 (0.4)* 0.045 1.0 (04)* 0.007 0.7 (0.3)* 0.007

Mixed linear regression for between group differences and mean change from baseline. Lower/upper limit: HDI 0-97, MEDAS score 0-14

" P<0.05 for change between intervention groups and control group

detailed in Tables 2 and 3 both the lifestyle interven-
tion group and the lifestyle intervention+ medical food
group exhibited favorable changes in both the HDI and
MEDAS scores compared to those of the control group
at the 6-month follow-up. Figure 1 shows the change in
the HDI over the intervention. For the HDI, the differ-
ences in changes between the lifestyle intervention only
group and the control group were marginal significant
(P=4.890, SE=2.462, p=0.052) and were significant for
the lifestyle + medical food group compared to the con-
trol group (B=5.344, SE=2.568, p=0.040. When the
lifestyle intervention groups were pooled together, their
changes at the 6-month follow-up were greater than
those in the control group for both the HDI (=4.987,
SE=2.191, p=0.026) and MEDAS (f=1.313, SE=0.484,
p=0.007) groups.

Nutrient intake

HDI mean score for each intervention and control group
over time with 95% confidence intervals. P value indi-
cates difference between the group compared to control
group (estimated mean change from mixed linear regres-
sion model).

Food record data were obtained from Finland and
Sweden. There were few differences between the groups
at baseline; the intervention group had a lower fiber
intake (B=-5.000, SE 2.401, p=0.042), and the inter-
vention + medical food group had a lower proportion of
energy from alcohol (f=-0.027, SE 0.009, p=0.049). The
mean nutrient intake for all groups at baseline met the
recommendations, except for saturated fatty acids (SFA)
which was higher than the recommended (control 4E%,
lifestyle intervention 3E%, lifestyle + medical food 2E%
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Table 3 Intake and changes in intake of energy, macro- and micronutrients for the Swedish and Finnish study population (Mean

values with their standard errors)

Control (n=18) Lifestyle Lifestyle + medical NNR recommended intake
intervention food (n=16)
(n=14)
Mean Mean P Mean P
Energy, MJ Base 84(2.8) 7.7 (2) 85(1.6)
A6-m -03(1.8) 0.0(1.9) 0.520 -0.2(1.7) 0.900
Totalt fat, E% Base 36 (6) 36 (5) 34 (7) 25-40
A 6-m 2(7) 3(6) 0.556 2(7) 0.790
SFA, E% Base 14 (4) 13 (3) 12 (4) <10
A 6-m 1(5 103) 0.765 0(4) 0.545
MUFA, E% Base 13(2) 14 (3) 12(3) 10-20
A 6-m 0(3) 04 0.873 1(3) 0.864
PUFA, E% Base 6(2) 6(2) 7(2) 5-10
A 6-m 0(3) 8 (4) 0.170 8(3) 0.077
n-3 PUFA, E% Base 1.5(0.7) 1.2(04) 1.8 (0.6) >1
A 6-m -0.1(0.7) 0.3(0.8) 0.122 0.6 (1.0) 0.002*
n-6 PUFA, E% Base 4.1(1.5) 3.7(0.9) 4.0(2.0)
A 6-m 03(23) 1.2(3.5) 0.324 0.7 (2.3) 0.268
Carbohydrate, E% Base 40 (6) 42 (7) 45 (7) 45-60
A 6-m -1(7) -1(7) 0.798 -2(7) 0.336
Sucrose, E% Base 7 (3) 7(4) 7 (3) <10
A 6-m 0(3) 1(7) 0.480 7 (4) 0911
Fiber,g + Base 26.0(9.1) 20.1 (5.6) 272(7.0) F>25 M=>35
A 6-m -3.8(6.8) 23(74) 0.036* -0.5(7.3) 0.209
Protein, E% Base 17.5(3.7) 174 (3.2) 174 (23) 15-20
A 6-m -0.8 (3.6) -04(2.9) 0.508 -0.1(3.1) 0.983
Alcohol, E% t Base 4 (4) 2(2) 102 <5
A6-m -103) -1(1) 0.874 -0(2) 0.499
Calcium, mg Base 1053 (372) 824 (357) 1088 (420) 800
A 6-m -53 (244) 50(412) 0392 -36 (377) 0671
Potassium, mg Base 3567 (1034) 3311 (996) 3767 (642) F=31,M=35
A 6-m -432 (824) -105 (861) 0.225 -56 (1162) 0452
Phosphorus, mg Base 1618 (520) 1354 (400) 1642 (324) 600
A 6-m -172 (324) 46 (410) 0.115 13 (392) 0318
Vitamin C, mg Base 133 (87) 136 (83) 150 (57) 75
A 6-m -33(57) -35(58) 0.705 -31(73) 0.684
Vitamin D, ug Base 14.6 (10.5) 10.5 (6.1) 14.1 (12.5) 61-74y=10,>75y=20
A 6-m -4.7 (5.5) -09(5.3) 0.166 -2.2(4.8) 0572
Vitamin E, a-TE t Base 13.0(5.7) 14.1(11.0) 519 (3.6) F=8 M=10
A 6-m -22(4.2) -22(3.9) 0.119 -02(29) 0.170

NNR Nordic Nutrition Recommendations 2012 [35]; MJ Megajoule, E% Energy percent of total intake, F Females, M Males, a-TE a-tocopherol equivalent

" Statistically significant difference for 6-month follow-up with-in group compared to baseline, p <0.05

T Statistically significant difference between intervention groups and control group p <0.05

above the recommendation) [35]. In addition, the life-
style intervention group had suboptimal fiber and potas-
sium intake at baseline. Energy intake did not change
between baseline and follow-up. However, there were
some changes in the macronutrient composition. All
groups showed a slight increase in fat intake and a slight

decrease in protein intake. At follow-up, the lifestyle
intervention group had a greater fiber intake (f=6.136,
SE 2.524, p=0.018) and the lifestyle intervention + medi-
cal food group had a significantly greater intake of n-3
PUFA measured as proportion of the total energy intake
than the control group (f=1.777, SE=0.615, p=0.005).
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-& Control group -®— Intervention group —#— Intervention group with medical food

Fig. 1 Change in Healthy Diet Index over intervention period

Interestingly, all groups reported a decreased intake of
vitamin C, vitamin D, and potassium at follow-up, even
though neither of these within-group changes were sig-
nificant. There were also no significant changes between
the intervention groups and the control group.

There was no significant change in the nutrient density
(unit/MJ) within either one of the intervention groups.
However, in the control group a significant within group
decrease was found for phosphate (p=-14.382, SE=5.246,
p=0.013), niacin equivalents (3=-0.577, SE=0.251,
p=0.040), vitamin D (f=-0.484, SE=0.226, p=0.039), and
vitamin E (=-0.252, SE=0.097, p=0.019).

Discussion

Compared with that in the control group, dietary qual-
ity improved in both intervention groups over the study
period when evaluated with indices reflecting overall diet
pattern. Effect of the intervention was similar using both
MEDAS screener to evaluate adherence to Mediterra-
nean type of diet, and HDI to evaluate overall healthy diet
There were few differences in macro- and micronutri-
ent intake. However, the control group had significantly
lower nutrient density for many nutrients, indicating a
worsening diet. The results from this multimodal lifestyle
intervention indicate that it is possible to improve dietary
quality and prevent a decrease in nutrient intake with a
dietary intervention among patients with prodromal AD.
This can be important since they are at risk for malnu-
trition and dietary deficiencies, and preventing these
changes could support maintenance of their health [43].

The FINGER trial showed that individualized dietary
counseling for at-risk older adults can influence several
dietary aspects and lead to long term improvement in
dietary quality [29]. A large-scale, long-term dietary inter-
vention among older individuals investigating the effects
of the Mediterranean diet and olive oil or nuts showed a
lasting improvement in dietary quality following the inter-
vention [44]. Here we found fewer differences between
the groups in terms of dietary intake; however, the group
of participants was relatively small, and the trial had a
shorter duration, which may have caused more variability
and less statistical power to detect differences. There was
an indication of decreased intake of several vitamins and
minerals in relation to energy intake in the control group,
which was not detected in the intervention groups.

The results from the 3-day food records are compara-
ble to those of national population surveys conducted in
their respective countries [45]. In general, the reported
nutrient intake adhered to the NNR with the exception of
a high SFA intake in all groups and a lower than recom-
mended fiber intake in the intervention group [35] typi-
cally challenging also in healthy populations. Based on
these findings, nutrient intake among patients with pro-
dromal AD does not seem to differ from general popula-
tion, which indicates there is still a possibility to support
them maintain their nutritional status before the disease
progresses. However, energy intake decreased across all
groups without significant changes in macronutrient
composition, possibly indicating some disease-related
process. However, similar decline in energy intake has



Levak et al. Alzheimer’s Research & Therapy (2024) 16:147

been shown in the FINGER study among healthier older
adults [30], and it can also be related to age or participa-
tion in the trial.

Moreover, this decrease in energy intake was accom-
panied by a notable reduction in vitamin C intake. This
decrease in vitamin C may be attributed to a lower con-
sumption of fruits and vegetables. However, it is impor-
tant to note that other nutrients typically found in fruits
and vegetables, such as folate and fibers, remained rela-
tively unchanged. Research findings have consistently
shown that a significant proportion of older adults fail
to adhere to the recommended daily intake of five serv-
ings of fruits and vegetables [46]. Moreover, a compre-
hensive meta-analysis has provided evidence linking a
greater consumption of fruits and vegetables to a reduced
prevalence of cognitive disorders [47]. Another reason
could be seasonal variability, however, participants were
recruited through the whole year and food records in
close proximity to their study visits. Even though the par-
ticipants in this study had decreased levels of vitamin C,
they still reached the NNR of 80 mg/day [48].

Recent epidemiological evidence indicates that multi-
ple dietary patterns, including the Mediterranean, DASH,
MIND, and Nordic diets, have shown preventive effects
against cognitive decline [19], mostly in cognitively
healthy populations. The dietary indices investigated had
a relatively small effect size, however, a moderate adher-
ence to a healthy diet can have beneficial effects on brain
health [49]. The use of a dietary index or score provides
a comprehensive assessment of overall dietary quality
and can be a valuable tool for evaluating the effective-
ness of dietary interventions. However, it is important to
acknowledge that relying solely on a score may overlook
specific dietary components or individual variations.

One potential disadvantage of using a dietary index or
score is the inherent complexity and subjectivity involved
in assigning weights and cutoffs for different dietary
components. Nonetheless, the use of such scores allows
for a standardized evaluation of dietary quality and facili-
tates comparisons across studies. We observed similar
improvements in both intervention groups regarding
HDI and MEDAS, which is expected because they do
share many items and are thus correlated. Despite both
groups displaying similar slopes, the lifestyle interven-
tion group showed a lower intercept, suggesting that the
intervention had similar benefits regardless of the base-
line diet.

There are limitations in this study. MIND-AD_, . is a
pilot trial with the primary aim of determining the feasi-
bility of and adherence to a multimodal lifestyle interven-
tion for people with prodromal AD. Any other analysis
should be seen as exploratory and as such, we did not cor-
rect for multiple comparisons, increasing the possibility
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of chance findings. On the other hand, the small sample
size of a pilot trial may result in limited statistical power.
Our food intake questionnaire was not validated in all
countries participating in the trial, although it’s suitability
in international intervention settings had been tested [50,
51]. Furthermore, using memory recall tools for deter-
mining dietary intake, such as the FIQ, is prone to recall
bias for a cognitively healthy population let alone for
people with symptoms of cognitive decline [52]. This can
be alleviated by using a shorter FIQ, obtaining help from
a close study partner and checking by trained study per-
sonnel [53], which all were applied here. Nutrient intake
data were not available from all countries, and the base-
line food records already included medical food prod-
ucts, which makes it difficult to evaluate the effect of the
product on total nutrient intake. Information on nutrient
intake can still be important since diet is rarely studied in
a population with prodromal AD. Based on our findings
the group with medical food had greater intake of vita-
min E and omega-3 fatty acids at baseline, but the prod-
uct did not result in an overall greater intake of energy, as
expected.

This study has several strengths. First, it specifically tar-
gets individuals with prodromal AD, which is a possibly
crucial stage for intervention but where the potential for
diet intervention is currently not well known. Second, it
incorporates comprehensive dietary counseling as part of
a multimodal lifestyle intervention, reflecting real-world
conditions where multiple lifestyle factors are addressed
simultaneously. Finally, this study assessed the feasibility
of and adherence to dietary advice given over a relatively
long six-month period, providing valuable insights into
the practicality of implementing such interventions in
real life.

Inadequate diet and poor nutrition have been identi-
fied as risk factors for various chronic diseases, including
AD, but they can also modify the disease process after
disease onset. Therefore, addressing dietary habits and
improving dietary quality are essential for overall health
and cognitive well-being in all stages from prevention to
care. Our findings suggest that individuals in the prodro-
mal stage of AD can modify their nutrient intake through
dietary counseling, thereby potentially mitigating the risk
of further cognitive decline.

Conclusions

The MIND-AD,,; trial demonstrated that dietary coun-
seling within a multimodal lifestyle intervention for indi-
viduals with prodromal AD is feasible and can lead to
improvements in dietary quality. Future research should
focus on long-term effects, individualized dietary coun-
seling strategies, and the potential impact of improved
dietary quality on cognitive outcomes in this population.
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BMI Body Mass Index
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PUFAs Poly-unsaturated fatty acids
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