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Abstract
Objectives  Our objective was to examine whether adherence to the Mediterranean–DASH diet intervention for neurodegen-
erative delay (MIND) was associated with SMC (as measured by the cognitive difficulties scale; CDS) in the NutriNet-Santé 
cohort.
Methods  The study sample consisted of 6011 participants aged ≥ 60 years at baseline, without SMC at the beginning. SMC 
were defined by a CDS score ≥ 43 (corresponding to the 4th CDS quartile) and SMC cases were participants with SMC 
at least once during follow-up. The MIND diet score (0–15 points) is a hybrid of the Mediterranean Diet and the Dietary 
Approaches to Stop Hypertension (DASH) scores, which includes ten brain healthy food groups and five unhealthy food 
groups. We used Cox proportional hazards models to estimate Hazard Ratios (HR) and 95% confidence intervals (95% CI).
Results  Over a mean follow-up of 6 years, approximately 15% and 30% cases of SMC were identified among participants 
aged 60–69 and ≥ 70 years, respectively. The MIND diet score was not significantly associated with SMC in the full sam-
ple and among participants aged 60–69 years. Among participants aged ≥ 70 years, a significant inverse association was 
observed between adherence to the MIND diet and SMC (HRtertile 3 vs tertile 1 = 0.69, 95% CI = 0.47–0.99). This relationship 
was strengthened after exclusion of participants with depressive symptoms (HRtertile 2 vs tertile 1 = 0.69, 95% CI = 0.49–0.97; 
HRtertile 3 vs tertile 1 = 0.62, 95% CI = 0.41–0.93).
Conclusions  These findings suggest that the MIND diet could help to prevent or delay SMC among older adults without 
depressive symptoms.
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Abbreviations
BMI	� Body mass index (kg/m2)
CDS	� Cognitive difficulties scale
CI	� Confidence interval

CU	� Consumption unit
HR	� Hazard ratios
IPAQ	� International physical activity questionnaire
MIND	� Mediterranean–DASH diet Intervention for 

neurodegenerative delay
mPNNS-GS	� Modified French Programme National 

Nutrition Santé-Guideline Score
SD	� Standard deviation

Introduction

Subjective memory complaints (SMC) are strongly associated 
with age and represent self-identified changes in memory [1, 
2]. They may be considered as an early marker of subsequent 
cognitive decline, and are a possible precursor of mild cogni-
tive impairment (MCI) and neurodegenerative disease such as 
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Alzheimer disease (AD) [2–5]. SMC have also been related 
to medication side effects, personality traits and psychologi-
cal factors such as depression and anxiety [5, 6]. Given the 
increase in life expectancy, and consequently, the growing 
proportion of older individuals in societies across the world, 
prevention of memory problems is a major public health chal-
lenge. Although SMC do not systematically predict future 
cognitive decline or neurodegenerative disease, they are asso-
ciated with increased health care costs, poor quality of life, and 
impairment in Activities of Daily Living among older people 
[5, 7, 8].

Epidemiological evidence suggests that modifiable lifestyle 
factors, including diet, could play an important role in main-
taining brain and cognitive health. Indeed, a “healthy diet” 
characterized by high consumption of plant foods, whole 
grains, olive oil and fish, and ensuring an adequate intake in 
various vitamins and minerals could help to strengthen cog-
nitive abilities by stimulating memory [9, 10]. In particular, 
the Mediterranean Diet (MD) has been associated with a bet-
ter cognitive function and a lower risk of cognitive impair-
ment, AD [11, 12] and subjective cognitive function [13]. The 
Dietary Approaches to Stop Hypertension (DASH), initially 
designed to reduce elevated blood pressure, has also been asso-
ciated with a better cognitive function in a number of studies 
[14–16].

Recently, a new concept of diet aimed at protecting the 
brain, namely the Mediterranean–DASH diet intervention for 
neurodegenerative delay (MIND), was developed [17]. The 
MIND diet includes many dietary components from the MD 
and DASH, as well as specific components such as green leafy 
vegetables and berries known for their neuroprotective role 
[18]. The MIND diet score was found to be a better predictor 
of cognitive decline than either the MD or DASH diet scores 
in the Rush Memory and Aging Project [17]. To date, a few 
studies have specifically investigated the association between 
this brain-health dietary score and cognition [17, 19–21], but 
none has focused on SMC. Among the existing studies, two 
included a relatively small sample of the same population [17, 
21], another is cross-sectional [20] and another included only 
women [19]. Overall, these studies showed that adherence to 
the MIND diet was associated with a better cognitive heath 
[17, 19, 20] and a lower risk of AD [21].

In the present study, we, thus, aimed to investigate the pro-
spective association between adherence to the MIND diet and 
SMC among elderly adults (aged ≥ 60 years) in a large French 
cohort.

Methods

Study population

The NutriNet-Santé study is a large web-based observational 
cohort launched in France in 2009, which aims to investigate 
the relationship between nutrition and health, as well as the 
determinants of dietary behaviors and nutritional status. The 
design and methodology of the study have been fully described 
elsewhere [22]. Briefly, participants are Internet-using adult 
volunteers (aged ≥ 18 years) who were recruited from the 
general population by a vast multimedia campaign. To be 
included into the study, participants are invited to complete 
a set of validated self-administered questionnaires (sociode-
mographic, economic conditions, physical activity, dietary 
intake, anthropometrics, and health status) using a dedicated 
website [23–26]. The NutriNet-Santé study was conducted 
according to the guidelines in the Declaration of Helsinki, 
and was approved by the ethics committee of the French 
Institute for Health and Medical Research (IRB Inserm no. 
0000388FWA00005831) and by the National Commission on 
Informatics and Liberty (CNIL no. 908450 and no. 909216). 
Electronic informed consent was obtained from each partici-
pant. The NutriNet-Santé study is registered in ClinicalTrials.
gov (NCT03335644).

Subjective memory complaints (SMC)

SMC were measured using the French version of the validated 
self-administered cognitive difficulties scale (CDS) [27, 28]. 
From 2 years of follow-up, this questionnaire was sent to par-
ticipants every 2 years until 2017 (maximum of four validated 
questionnaires). The CDS is a 37-item questionnaire designed 
to describe daily deficiencies, lapses of attention or memory, 
and related functions noticed by the people themselves, using 
a five-point frequency scale (ranging from 0 for never to 4 for 
very often). All the items are summed to yield a total score 
between 0 and 148 points, with a higher score indicating more 
frequent and severe cognitive difficulties. In the present study, 
CDS scores were converted to binary variables (low level of 
complaints vs a high level) using a cut-off value of 43 (corre-
sponding to the fourth quartile of the score distribution) [27]. 
Participants considered to have SMC were those who had a 
high level of memory complaints at least once during follow-
up. We focused our analyses on participants with a low level 
of complaints at the first CDS measurement (i.e., those free of 
SMC at the first assessment), to ensure a prospective design.

Dietary data and the MIND diet score

All participants included in the NutriNet-Santé cohort were 
invited to complete at baseline and twice a year thereafter 
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three non-consecutive 24-h dietary records, randomly 
assigned over a 2-week period (2 weekdays and 1 weekend 
day). All foods and beverages consumed at each eating occa-
sion were reported via a validated web-based 24-h dietary 
record tool designed for the self-administration [24, 29, 30]. 
The consumed portions were indicated using the validated 
photographs of portion sizes [31], household measures, or 
by indicating the exact quantity (grams) or volume (millilit-
ers). In this study, usual dietary intake was obtained using 
data from the first 2 years of follow-up (corresponding to 
the time window between baseline and the first CDS assess-
ment), and then converted to the frequency of consumption 
or number of servings, according to the recommendations 
for each component of the MIND diet. Daily mean food con-
sumption and the NutriNet-Santé composition table were 
used to estimate energy and nutrient intakes [32].

The description and scoring of the MIND diet score are 
presented in Supplemental Table 1. Briefly, the MIND diet 
is a mix of components of the MD and the DASH diet, with 
some modifications to optimize brain health. It includes ten 
“brain healthy” food groups (green leafy vegetables, other 
vegetables, nuts, berries, beans, whole grains, fish, poul-
try, olive oil, and wine) and five unhealthy food groups (red 
meats, butter and margarine, cheese, pastries and sweets, and 
fast fried foods) [17]. For each component (except for olive 
oil), 0, 0.5, or 1 point was assigned using fixed cut-off points, 
with a maximum of points attributed for high consumption 
of “healthy” components. For olive oil consumption, 1 point 
was assigned if it was the primary oil usually used and 0 
otherwise. The MIND diet score was the sum of all compo-
nents, and the total score ranged from 0 point (no adherence) 
to 15 points (complete adherence) [17].

Baseline covariates

At baseline, self-administered sociodemographic question-
naires provided information on sex, date of birth, marital 
status (living alone, cohabiting, and separated/divorced/wid-
owed), educational level (less than high school diploma, high 
school diploma, and university level), occupational category 
(never-employed/other activity, self-employed, employee, 
intermediate profession and managerial staff, and superior 
intellectual profession), smoking status (never, former, and 
current smoker), and monthly household income (< 1200, 
1200–1800, 1800–2700, > 2700 euros per consumption unit 
and a category of participants who refused to disclose their 
income). Monthly household income was estimated per con-
sumption unit according to a weighting system where one 
consumption unit (CU) is attributed for the first adult in the 
household, 0.5 CU for other persons aged 14 or older, and 
0.3 CU for children under 14 [33].

Weight and height data were collected and body mass 
index (BMI) was calculated as the ratio of weight to squared 

height (kg/m2). Participants were classified as underweight 
or normal weight (BMI < 25), overweight (25 ≤ BMI < 30), 
or obese (BMI ≥ 30). Physical activity was assessed using a 
short form of the French version of the International Physi-
cal Activity Questionnaire (IPAQ) [23] and classified as low 
physical activity (< 30 min of physical activity; equivalent 
to brisk walking/day), moderate physical activity (≥ 30 and 
< 60 min), or high physical activity (≥ 60 min), according to 
the French guidelines for physical activity [34].

Prevalent and incident cases of cancer and cardiovascular 
diseases were self-reported during follow-up and validated 
by a medical committee through medical and/or hospitali-
zation reports. Type 2 diabetes and hypertension were also 
self-reported. In addition, depressive symptoms were meas-
ured at the same time as SMC using the French version of 
the validated self-administered Center for Epidemiologic 
Studies Depression (CES-D) scale [35]. Depressive symp-
toms at the end of follow-up (CES-D questionnaire at the 
first report of high SMC, and last completed questionnaire 
if the participant did not report high SMC) were defined by 
a CES-D score ≥ 17 for men and ≥ 23 for women [35].

Statistical analysis

Selection of the study sample

Among the volunteers aged 60 + years included in the 
NutriNet-santé study (approximately 16% of the participants 
included in the cohort), 8298 were eligible for inclusion in 
this study (participants with at least two completed CDS 
questionnaires and not reporting high SMC at the first CDS 
measurement). Of these eligible participants, we included 
only participants who had available and valid data for the 
computation of the dietary scores and who had not reported 
depression or treatment with antidepressants during the 
dietary data collection. Finally, 6011 men and women were 
included in this prospective study (Fig. 1).

Characteristics of the participants

We compared participants included in the study with 
excluded eligible participants (participants aged 60 + years 
without valid dietary data among those who were free of 
SMC at the first CDS assessment and who had at least two 
completed CDS questionnaires during follow-up) using Chi-
square tests or t tests as appropriated. Baseline characteris-
tics and nutritional factors were presented as means ± stand-
ard deviations (SD) or numbers (percentages), and were 
compared across tertiles of the MIND diet score using linear 
contrast or Cochran–Mantel–Haenszel tests. For descriptive 
purposes, nutrient intakes were energy-adjusted using the 
residual method [36].
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Statistical models

Cox proportional hazards regression models for interval 
censored data were used to estimate Hazard ratios (HR) 
and 95% confidence intervals (CI) for the association 
between the dietary scores (modeled as continuous vari-
ables and as tertiles to simplify the interpretation of results 
as low, medium, and high adherence) and SMC. Age was 
used as the primary time-scale variable, with entry time 
defined as age at the first CDS measurement. For cases, 
exit time was defined as the average of (a) the age at the 
first report of SMC and (b) the age at the previous meas-
urement with no SMC, while, for non-cases, it was defined 
as the age at the last completed CDS questionnaire [37]. 
Model 1 was adjusted for age, sex, marital status, edu-
cational level, occupational category, monthly household 
income per consumption unit, inclusion month, number of 

recording days, and energy intake without alcohol. Model 
2 (main model) was further adjusted for smoking status, 
physical activity, and BMI (continuous variable). Model 
3 was further adjusted for comorbid conditions during 
follow-up (cancer, type 2 diabetes, hypertension, and car-
diovascular events). Since the previous studies suggested a 
strong association between depressive symptoms and SMC 
[5], we presented a model 4 further adjusted for depressive 
symptoms at the end of the follow-up. An additional model 
(model 5) was also performed to additionally account for 
the baseline CDS score. Linear trend across tertiles of the 
MIND diet score was estimated by modeling the tertiles 
as ordinal variables.

Since memory complaints increase with age, we also 
tested the interaction between the MIND diet score and 
age, and conducted stratified age analyses.

Fig. 1   Flowchart of participant 
selection. CDS cognitive dif-
ficulties scale

21,889 participants aged ≥ 60 years 

of the NutriNet-Santé study 

7,375 eligible participants with 
available data for computation of the 

dietary scores

6,011 participants (3,627 women and 
2,384 men) included in the study

10,845 Participants with at least 2 

completed CDS questionnaires

11,044 participants with less than 2 

completed CDS questionnaires

1,364 participants with depression or 
treated with antidepressants during 

the food data collection

81 participants with less than 3 
dietary records during the first two 

years of follow-up, 712 under-
reporters and 130 with missing data
for computation of the dietary scores

8,298 eligible participants for 

inclusion

2,547 participants with high 
memory complaints at the first CDS

measurement
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Sensitivity analyses

Supplementary analyses were performed to test the robust-
ness of our findings. First, we investigated the association 
between the MIND diet score and SMC among participants 
without depressive symptoms at the end of the follow-up, to 
better control for the role of depression. Second, to evalu-
ate the differential effect, compared to the MIND diet, of 
adherence to national dietary recommendations on brain 
health, we investigated the association between a modified 
version of the French Programme National Nutrition Santé-
Guideline Score (mPNNS-GS) and SMC. The PNNS-GS is 
a validated a priori score reflecting adherence to the French 
nutritional guidelines developed for the general population 
[34], and it includes 1 physical activity component and 12 
dietary components (eight refer to food serving recommen-
dations and four refer to moderation in consumption). A 
penalty for overconsumption was assigned to individuals 
whose energy intake exceeded their energy needs by at least 
5%, based on basal metabolic rate (using Schofield equation) 
and physical activity level. In this study, we used a modi-
fied version of the index, the mPNNS-GS, which takes into 
account only the dietary components. The maximum score 
was 13.5 and negative scores are theoretically possible due 
to the penalty system.

All statistical analyses were conducted using SAS (ver-
sion 9.4; SAS institute Inc., Cary, NC, USA) with a signifi-
cance level of 0.05 for two-sided tests.

Results

Sample characteristics

The analyses included 6011 women and men with a 
mean (SD) age of 64.4 (4.3) years at baseline. Compared 
to excluded participants from the eligible population 
(n = 2287), included participants were better educated, 
physically active, and more likely to be men and cohabit-
ing. They were also more likely to have a BMI value in the 
normal-weight range, a household income per unit consump-
tion ≥ 1800 euros, and less likely to have a chronic disease 
(Supplemental Table 2).

We identified 1053 (17.5%) cases of SMC during follow-
up (mean follow-up = 6.1 years, SD = 1.7), with, respec-
tively, 826 (15.7%) and 227 (30.6%) among participants 
aged 60–69 years and ≥ 70 years. Baseline characteristics 
of participants are presented across tertiles of the MIND 
diet score in Table 1. Participants with higher adherence to 
the MIND diet (third tertile) compared to those with lower 
adherence (1st tertile) were more likely to be women, bet-
ter educated, more physically active, to have a household 
income per unit consumption ≥ 2700 euros (or not having 

provided their income), and less likely to have a BMI ≥ 25 
and chronic disease. In addition, a higher MIND diet score 
was associated with a lower daily energy intake, lower 
energy intake from lipids, and lower intake of saturated fatty 
acids, but with a higher intake of fibers, monounsaturated 
and polyunsaturated fatty acids, and most vitamins and min-
erals (Table 2).

Association between the MIND diet score and SMC

A trend towards an inverse association, although not signifi-
cant, was found between the MIND diet score and SMC in 
the full sample (Table 3). In analyses stratified according to 
age (P value for the interaction term = 0.02), an inverse sig-
nificant relationship was observed between the MIND diet 
score and SMC only among older participants (≥ 70 years). 
In the main model, a one-point increase in the MIND diet 
score was associated with a 14% (95% CI 4%; 23%, p = 0.01) 
reduction in the risk of SMC. When the score was modeled 
as tertiles, the highest adherence to the MIND diet was asso-
ciated with a 31% (95% CI 1%; 53%, p = 0.04) reduction in 
the risk of SMC compared with the lowest adherence. These 
associations were attenuated after additional adjustment for 
health events during follow-up, depressive symptoms at 
the end of the follow-up, and the baseline CDS score, but 
remained significant in the analyses with the score modeled 
as a continuous variable. The associations were not signifi-
cant in any model among participants aged 60–69 years.

Sensitivity analyses

In sensitivity analyses excluding participants with depres-
sive symptoms at the end of the follow-up, the associations 
between the MIND diet score and SMC were strengthened 
(Table 4). In the main model, a one-point increase in the 
MIND diet score was associated with an 18% (95% CI 
7%; 27%, p = 0.001) reduction in the risk of SMC. When 
the score was modeled as tertiles, the highest and medium 
adherence to the MIND diet was, respectively, associated 
with a 31% (95% CI 4%; 51%) and 38% (95% CI 7%; 59%) 
reduction in the risk of SMC compared with the lowest 
adherence. Additional adjustment for health events dur-
ing follow-up did not substantially modify the associations 
(model 3). Associations were non-significant in any model 
in the full sample and among participants aged 60–69 years.

The use of the mPNNS-GS to measure diet quality pro-
vided similar results for the stratified analyses according to 
age (Supplemental Table 3). In addition, in the full sam-
ple, a significant inverse association was found between the 
mPNNS-GS and SMC, but this association was no longer 
significant after an additional adjustment for the baseline 
CDS score. The Pearson correlation between the MIND diet 
score and the mPNNS-GS was 0.37 (p < 0.0001).
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Discussion

To our knowledge, this is the first study that has investi-
gated the relationship between the MIND diet and SMC. 
In this prospective study including men and women aged 

60 + years, we found that adherence to the MIND diet was 
inversely associated with SMC among older adult aged 
70 + years over a mean follow-up of 6 years.

Noted that when we investigated the evolution of the 
CDS score in a supplementary analysis (CDS score over 

Table 1   Baseline characteristics 
of 6011 participants according 
to the tertiles of the MIND diet 
score, NutriNet-Santé study

Values are means ± standard deviation or numbers (percentages) as appropriate
MIND Mediterranean–DASH Diet Intervention for Neurodegenerative Delay
b P values are based on linear contrast or Cochran–Mantel–Haenszel tests
c Incident cases of cancer, type 2 diabetes, hypertension, and cardiovascular diseases

Baseline characteristics Tertile 1 Tertile 2 Tertile 3 Pa

MIND, range 1.0–5.0 5.5–6.5 7.0–11.5
n 1674 2573 1764
Age, years 64.5 ± 4.7 64.3 ± 4.2 64.3 ± 4.0 0.25
Sex, n (%) < 0.0001
 Male 822 (49.1) 1009 (39.2) 553 (31.3)
 Female 852 (50.9) 1564 (60.8) 1211 (68.7)

Marital status, n (%) 0.24
 Living alone 80 (4.8) 118 (4.6) 94 (5.3)
 Cohabiting 1308 (78.1) 1988 (77.3) 1326 (75.2)
 Separeted/divorced/widowed 286 (17.1) 467 (18.1) 344 (19.5)

Educational level, n (%) < 0.0001
 < High school diploma 642 (38.3) 868 (33.7) 483 (27.4)
 High school diploma 251 (15.0) 392 (15.3) 277 (15.7)
 University level 781 (46.7) 1313 (51.0) 1004 (56.9)

Occupational categories, n (%) 0.38
 Never-employed/other activity 5 (0.3) 16 (0.6) 11 (0.6)
 Self-employed 109 (6.5) 162 (6.3) 85 (4.8)
 Employee 279 (16.7) 487 (18.9) 303 (17.2)
 Intermediate profession 523 (31.2) 756 (29.4) 552 (31.3)
 Managerial staff 758 (45.3) 1152 (44.8) 813 (46.1)

Household income per consumption unit, n (%) 0.10
 Not answered 150 (9.0) 234 (9.1) 169 (9.6)
 < 1200 euros 98 (5.8) 125 (4.9) 87 (4.9)
 1200–1800 euros 316 (18.9) 512 (19.9) 304 (17.2)
 1800–2700 euros 530 (31.7) 729 (28.3) 499 (28.3)
 ≥ 2700 euros 580 (34.6) 973 (37.8) 705 (40.0)

Smoking status, n (%) 0.05
 Former smoker 869 (51.9) 1213 (47.1) 872 (49.4)
 Current smoker 120 (7.2) 148 (5.8) 97 (5.5)
 Never-smoker 685 (40.9) 1212 (47.1) 795 (45.1)

Physical activity, n (%) 0.003
 Low 257 (15.4) 342 (13.3) 221 (12.5)
 Moderate 317 (18.9) 451 (17.5) 299 (17.0)
 High 1100 (65.7) 1780 (69.2) 1244 (70.5)

Body mass index, n (%) < 0.0001
 Underweight 29 (1.7) 48 (1.8) 52 (2.9)
 Normal weight 842 (50.3) 1448 (56.3) 1074 (60.9)
 Overweight 607 (36.3) 838 (32.6) 489 (27.7)
 Obesity 196 (11.7) 239 (9.3) 149 (8.5)

Prevalence of chronic diseasesb, n (%) 1216 (72.7) 1793 (69.9) 1178 (66.9) 0.0002
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time as a continuous variable) rather than the presence or 
absence of SMC at least once during follow-up (binary vari-
able), we observed an increase in the CDS score over time 
(full sample and age subgroups) and an inverse association 
between adherence to the MIND diet and the CDS score only 
at baseline and in the full sample (data not shown). However, 
follow-up duration was relatively long, limiting probably the 
detection of an association with change in CDS.

The main findings of our study can be compared with 
those of studies that have evaluated the associations between 
diet quality and cognition or dementia. In agreement with 
our findings, the previous epidemiological studies showed 
that adherence to the MIND diet was associated with a better 
verbal memory score [19], better cognitive function [20], 
slower decline in cognitive abilities [17], and a lower risk 
of AD [21].

As the MIND diet also reflects an overall healthier diet, 
our findings are also consistent with those obtained by 
Bhushan et al., based on data from 27,842 men of the Health 
Professionals Follow-Up Study, which showed an inverse 
association between adherence to the MD and subjective 

cognitive function (as measured by six yes/no questions 
relating to memory [13]. More precisely, the highest quin-
tile of the MD score as compared to the lowest quintile was 
associated with 36% (95% CI 25%; 45%) lower odds of a 
poor subjective cognitive function (score ≥ 3) and 24% (95% 
CI 17%; 30%) lower odds of a moderate subjective cogni-
tive function (score = 1or 2) [13]. In addition, most others 
studies have shown that adherence to several dietary scores, 
differing in terms of components and scoring, such as the 
DASH, MD, Healthy Diet Indicator, Healthy Eating Index, 
and PNNS-GS or a “healthier diet” (derived from dietary 
patterns and characterized by high intake of plant food, 
whole grain, seafood, and olive oil) was associated with a 
better cognitive function and a decreased risk of dementia 
[11, 12, 38–40].

Another study using data from the Gallup telephone 
surveys of US residents also showed that participants who 
reported eating fruits and vegetable less than four times/
week had 26% (95% CI 14%; 39%) higher odds of reporting 
memory problems compared to those who reported eating 
more [41].

Table 2   Baseline nutritional 
factors of 6011 participants 
according to the tertiles of the 
MIND diet score, NutriNet-
Santé study

Values are means ± standard deviation
MIND Mediterranean–DASH diet intervention for neurodegenerative delay
a P-trend values are based on linear contrast
b Values are percentages of total daily energy intake without alcohol
c Values were adjusted for energy intake without alcohol using the residual method

Nutritional factors Tertile 1 Tertile 2 Tertile 3 P-trenda

MIND, range 1.0–5.0 5.5–6.5 7.0-11.5
n 1674 2573 1764
Total energy intake, Kcal/d 1992 ± 472 1877 ± 447 1783 ± 456 < 0.0001
Alcohol intake, g/d 13.6 ± 14.3 11.4 ± 12.5 8.8 ± 11.0 < 0.0001
Energy intake without alcohol, Kcal/d 1897 ± 440 1797 ± 421 1721 ± 438 < 0.0001
Carbohydrates, % energyb 42.6 ± 5.7 42.9 ± 6.0 42.6 ± 6.8 0.96
Lipids, % energyb 39.3 ± 5.3 38.1 ± 5.6 37.9 ± 6.4 < 0.0001
Saturated fatty acids, g/dc 34.0 ± 6.5 31.2 ± 6.0 28.1 ± 6.6 < 0.0001
Monounsaturated fatty acids, g/dc 29.0 ± 5.4 29.1 ± 5.8 30.5 ± 7.3 < 0.0001
Polyunsaturated fatty acids, g/dc 10.9 ± 3.3 11.5 ± 3.5 13.1 ± 4.9 < 0.0001
Omega-3 fatty acids, g/dc 1.4 ± 0.6 1.6 ± 0.7 1.8 ± 0.8 < 0.0001
Protein, % energyb 17.8 ± 2.9 18.6 ± 3.4 19.1 ± 3.9 < 0.0001
Beta-carotene, µg/dc 3197 ± 1638 3663 ± 1697 4511 ± 2263 < 0.0001
Thiamin, µg/d4c 1.1 ± 0.3 1.2 ± 0.3 1.3 ± 0.5 < 0.0001
Vitamin B6, µg/dc 1.6 ± 0.3 1.8 ± 0.4 2.0 ± 0.4 < 0.0001
Folic acid, µg/dc 310 ± 69.3 347 ± 74.2 402 ± 91.8 < 0.0001
Vitamin B12, µg/dc 6.2 ± 5.1 6.2 ± 4.4 6.3 ± 4.7 0.28
Vitamin C, mg/dc 103 ± 47.2 121 ± 48.9 143 ± 55.9 < 0.0001
Vitamin D, µg/dc 2.6 ± 1.6 2.9 ± 1.7 3.2 ± 1.8 < 0.0001
Vitamin E, mg/dc 11.2 ± 3.5 11.7 ± 3.3 12.9 ± 3.6 < 0.0001
Magnesium, mg/dc 319 ± 78.3 352 ± 83.9 401 ± 98.2 < 0.0001
Zinc, mg/dc 10.9 ± 2.4 11.2 ± 2.4 11.3 ± 2.4 < 0.0001
Fiber, g/dc 18.9 ± 4.3 21.2 ± 4.5 24.7 ± 5.9 < 0.0001
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In this study, the mPNNS-GS, a priori score devel-
oped to measure adherence to dietary recommendations 
of the PNNS [34, 42], was significantly associated with 
SMC in our full study sample and among participant 
aged 70 + years. The PNNS was initially designed for the 
prevention of nutrition-related chronic conditions (such 
as obesity, cardiovascular disorders, and cancer) in the 
general population, and higher adherence to its dietary 
recommendations reflect a healthier diet, like the MIND 
diet. However, the mPNNS-GS and the MIND diet score 
differ according to the food components included as well 
as the allocation of the points, which could explain the 
relatively low correlation observed between these scores. 

Overall, our findings show that, although national dietary 
recommendations were not initially designed to protect the 
brain, they could help to prevent or delay SMC.

Moreover, our results indicated a more pronounced 
association between adherence to the MIND diet and SMC 
among older participants (≥ 70 years) who were free of 
depressive symptoms at the end of the follow-up. This 
finding suggests a main role of depressive symptoms on 
memory complaints, as already documented in the previ-
ous studies [1, 5]. This interrelation may rely on subjec-
tive or objective cognitive disabilities among depressed 
individuals. Moreover, recurrent depression has been 
associated with changes in cognitive functioning such as 

Table 3   Association between 
the MIND diet score and 
memory complaints, NutriNet-
Santé study

Values are hazard ratios (95% confidence intervals)
MIND Mediterranean–DASH Diet Intervention for Neurodegenerative Delay
a P for linear relation (dietary score as a continuous variable)
b Adjusted for age, sex, marital status, educational level, occupational categories, household income per 
consumption unit, energy intake without alcohol, number of recording days, and inclusion month
c Adjusted for all variables in model 1 + smoking status, physical activity, and body mass index
d Adjusted for all variables in model 2 + comorbid conditions during follow-up
e Adjusted for all variables in model 3 + depressive symptoms at the end of the follow-up
f Adjusted for all variables in model 4 + baseline CDS score

Tertile 1 Tertile 2 Tertile 3 P-trend Continuous Pa

All participants (n = 6011)
MIND, range 1.0–5.0 5.5–6.5 7.0–11.5
n 1674 2573 1764
Number of cases 338 443 272
Model 1b 1 (ref) 0.92 (0.79; 1.06) 0.87 (0.74; 1.03) 0.11 0.96 (0.91; 1.00) 0.07
Model 2c 1 (ref) 0.92 (0.80; 1.07) 0.88 (0.74; 1.04) 0.13 0.96 (0.91; 1.00) 0.08
Model 3d 1 (ref) 0.92 (0.80; 1.07) 0.88 (0.75; 1.04) 0.13 0.96 (0.91; 1.00) 0.07
Model 4e 1 (ref) 0.92 (0.80; 1.07) 0.89 (0.75; 1.05) 0.15 0.96 (0.92; 1.01) 0.10
Model 5f 1 (ref) 0.97 (0.84; 1.12) 0.94 (0.79; 1.11) 0.46 0.98 (0.93; 1.02) 0.32
60–69 years (n = 5270)
MIND, range 1.0–5.0 5.5–6.5 7.0–11.5
n 1454 2253 1563
Number of cases 255 349 222
Model 1b 1 (ref) 0.96 (0.82; 1.14) 0.92 (0.76; 1.11) 0.39 0.98 (0.93; 1.03) 0.41
Model 2c 1 (ref) 0.96 (0.82; 1.13) 0.92 (0.76; 1.11) 0.40 0.98 (0.93; 1.03) 0.42
Model 3d 1 (ref) 0.96 (0.82; 1.13) 0.92 (0.76; 1.11) 0.40 0.98 (0.92; 1.03) 0.39
Model 4e 1 (ref) 0.97 (0.83; 1.15) 0.93 (0.77; 1.12) 0.46 0.98 (0.93; 1.04) 0.54
Model 5f 1 (ref) 1.00 (0.85; 1.18) 0.97 (0.80; 1.17) 0.74 1.00 (0.95; 1.05) 0.96
≥ 70 years (n = 741)
MIND, range 2.5–5.0 5.5–6.5 7.0–10.5
N 220 320 201
Number of cases 83 94 50
Model 1b 1 (ref) 0.73 (0.54; 1.00) 0.66 (0.46; 0.96) 0.03 0.85 (0.77; 0.95) 0.01
Model 2c 1 (ref) 0.76 (0.56; 1.04) 0.69 (0.47; 0.99) 0.04 0.86 (0.77; 0.96) 0.01
Model 3d 1 (ref) 0.77 (0.56; 1.06) 0.70 (0.48; 1.02) 0.05 0.87 (0.78; 0.97) 0.01
Model 4e 1 (ref) 0.74 (0.54; 1.02) 0.70 (0.48; 1.01) 0.05 0.86 (0.77; 0.96) 0.01
Model 5f 1 (ref) 0.84 (0.60; 1.17) 0.81 (0.55; 1.20) 0.28 0.87 (0.78; 0.98) 0.02
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decreases in performance, affecting attention, verbal flu-
ency, executive functions, and memory [43, 44].

The beneficial effect of the MIND diet on SMC and 
cognitive functions or dementia could be attributed to 
healthy components such as vegetables (especially green 
leafy vegetables), nuts, berries, beans, whole grains, 
fish, poultry, olive oil, and wine. Indeed, healthy foods 
accounted in the MIND diet provide high amounts of sev-
eral nutrients, including carotenoids, vitamins B, C, D, 
E, and polyphenols [17, 18, 45]. Most of these nutrients 
have been shown to have anti-inflammatory properties and 
are required for normal physiological functioning of the 
brain [38, 46]. In addition, B vitamins (especially vitamin 
B1, B2, B6, B12, and folates) and antioxidant nutrients 
deficiencies have been associated with cognitive dysfunc-
tion in several epidemiological studies [47, 48]. Finally, 
dietary fibers also play an important role in cognition, in 

particular via their influence on gut microbiota composi-
tion [49, 50].

This study has some potential limitations that should 
be noted. First, a large proportion of participants 
aged ≥ 60 years was excluded from the study, because they 
did not complete the SMC questionnaires, which could 
imply a potential bias in risk estimates. Second, participants 
were volunteers in a web-based nutritional cohort and, thus, 
had relatively healthier lifestyles and higher education as 
compared to the general population, which limits the gen-
eralizability of our results. In addition, although we have 
considered a wide range of confounders collected through 
validated questionnaires, we cannot exclude the possibility 
of residual confounding by unmeasured factors within this 
cohort.

The present study also exhibits a number of important 
strengths, including its large sample size (allowing for 

Table 4   Association between 
the MIND diet score and 
memory complaints among 
participants without depressive 
symptoms at the end of the 
follow-up, NutriNet-Santé study

Values are hazard ratios (95% confidence intervals)
MIND Mediterranean–DASH Diet Intervention for neurodegenerative delay
a P for linear relation (dietary score as a continuous variable)
b Adjusted for age, sex, marital status, educational level, occupational categories, household income per 
consumption unit, energy intake without alcohol, number of recording days, and inclusion month
c Adjusted for all variables in model 1 + smoking status, physical activity, and body mass index
d Adjusted for all variables in model 2 + comorbid conditions during follow-up
e Adjusted for all variables in model 3 + baseline CDS score

Tertile 1 Tertile 2 Tertile 3 P-trend Continuous Pa

All participants (n = 5640)
MIND, range 1.0–5.0 5.5–6.5 7.0–11.5
n 1561 2416 1663
Number of cases 289 384 238
Model 1b 1 (ref) 0.94 (0.80; 1.10) 0.90 (0.75; 1.08) 0.24 0.96 (0.92; 1.01) 0.15
Model 2c 1 (ref) 0.94 (0.81; 1.10) 0.91 (0.76; 1.09) 0.30 0.97 (0.92; 1.02) 0.19
Model 3d 1 (ref) 0.94 (0.81; 1.10) 0.91 (0.76; 1.09) 0.30 0.97 (0.92; 1.02) 0.18
Model 4e 1 (ref) 1.00 (0.86; 1.17) 0.94 (0.79; 1.13) 0.54 0.98 (0.93; 1.03) 0.42
60 to 69 years (n = 4953)
MIND, range 1.0–5.0 5.5–6.5 7.0–11.5
n 1353 2126 1474
Number of cases 212 308 197
Model 1b 1 (ref) 1.02 (0.85; 1.21) 0.98 (0.80; 1.20) 0.87 1.00 (0.94; 1.06) 0.92
Model 2c 1 (ref) 1.02 (0.85; 1.22) 0.99 (0.81; 1.21) 0.93 1.00 (0.94; 1.06) 0.99
Model 3d 1 (ref) 1.02 (0.85; 1.22) 0.99 (0.81; 1.21) 0.92 1.00 (0.94; 1.06) 0.95
Model 4e 1 (ref) 1.04 (0.87; 1.24) 1.01 (0.82; 1.24) 0.91 1.01 (0.95; 1.07) 0.77
≥ 70 years (n = 687)
MIND, range 2.5–5.0 5.5–6.5 7.0–10.5
n 208 290 189
Number of cases 77 76 41
Model 1b 1 (ref) 0.67 (0.48; 0.94) 0.60 (0.40; 0.90) 0.01 0.82 (0.72; 0.92) 0.001
Model 2c 1 (ref) 0.69 (0.49; 0.96) 0.62 (0.41; 0.93) 0.02 0.82 (0.73; 0.93) 0.001
Model 3d 1 (ref) 0.69 (0.49; 0.97) 0.63 (0.42; 0.94) 0.02 0.83 (0.74; 0.93) 0.002
Model 4e 1 (ref) 0.85 (0.60; 1.20) 0.71 (0.46; 1.08) 0.10 0.85 (0.75; 0.96) 0.01
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stratified analyses), the prospective design, the repeated 
assessment of SMC data using a validated tool, and the qual-
ity of the dietary data.

In summary, this study indicated an inverse association 
between adherence to the MIND diet and SMC among older 
adults aged 70 + years, which was more pronounced among 
those who were free of depressive symptoms. These findings 
suggest that the MIND diet could help to prevent or delay 
high SMC, but an adequate treatment of individuals with 
depression or depressive symptoms remains a key element.
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