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ABSTRACT

Objective

To investigate the relation of diet quality with structural brain tissue volumes and focal 
vascular lesions in a dementia-free population.

Methods

From the population-based Rotterdam Study, 4,447 participants underwent dietary 
assessment and brain MRI scanning between 2005 and 2015. We excluded participants 
with an implausible energy intake, prevalent dementia or cortical infarcts, leaving 4,213 
participants for the current analysis. A diet quality score (0-14) was calculated reflecting 
adherence to Dutch dietary guidelines. Brain MRI was performed to obtain information 
on brain tissue volumes, white matter lesion volume, lacunes and cerebral microbleeds. 
The associations of diet quality score and separate food groups with brain structures 
were assessed using multivariable linear and logistic regression.

Results

We found that better diet quality related to larger brain volume, grey matter volume, 
white matter volume, and hippocampal volume. Diet quality was not associated with 
white matter lesion volume, lacunes or microbleeds. High intake of vegetables, fruit, 
whole grains, nuts, dairy and fish and low intake of sugar-containing beverages were 
associated with larger brain volumes.

Conclusions

A better diet quality is associated with larger brain tissue volumes. These results sug-
gest that the effect of nutrition on neurodegeneration may act via brain structure. More 
research, in particular longitudinal research, is needed to unravel direct versus indirect 
effects between diet quality and brain health.
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INTRODUCTION

Diet is considered an important modifiable risk factor for dementia.2-7 But the pathways 
underlying this association remain largely unknown. An important pathway may be 
through direct effects of diet on brain structures or focal vascular lesions,8-15 as it is 
known that structural brain changes are an important risk factor for dementia.8, 16 More-
over, a healthy diet is associated with better brain health and larger brain volumes.9-15 
However, studies performed on this research area were generally of limited sample size, 
considered only a limited age range, or used dietary adherence as a dichotomous vari-
able rather than as a continuous variable.

Traditionally, epidemiological and animal studies on health effects of nutrition have 
focused on the effects of individual food nutrients and showed that specific nutrients 
such as B vitamins , vitamin E, and the n-3 fatty acid docosahexaenoic acid that can be 
found in for example vegetables, fruit and seafood, have neuroprotective effects.10, 17 
However, it is important to acknowledge that many complex interactions occur across 
different food components and nutrients, which has triggered the increasing interest to 
study effects of dietary patterns as a whole.10 For example, adherence to a Mediterranean 
Diet showed protective effects against brain tissue loss,13 18 including lower volumes of 
white matter hyperintensities.19 Several other studies also linked other measures of diet 
quality to lower risk of dementia.3, 6, 7

Optimizing diet quality might be a suitable preventive strategy to maintain and 
augment cognition in healthy older adults.2, 3 Hence, we investigated the association 
of dietary patterns and its components with structural brain volumes in a population-
based sample of dementia-free middle aged and elderly individuals.

METHODS

Setting and study population

This cross-sectional study was embedded in the Rotterdam Study, a population-based 
community-dwelling cohort in the Netherlands since 1990 investigating determinants 
and consequences of ageing.20 At study entry and subsequently every three to four 
years, all participants were invited to undergo extensive examinations in the dedicated 
research centre. By 2008, 14,926 individuals aged 45 years and older participated in 
the Rotterdam Study. For this study, 5,690 participants who visited the study centre 
between 2006-2012 for initial or re-examinations underwent extensive questionnaires 
on their dietary intake.21 From 2005 onward, MRI scanning of the brain was included in 
the Rotterdam Study.22 The MRI scans included in this study were performed between 
2005 and 2015, and we excluded the participants without a brain MRI scan. This left 
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us with a total of 4,447 participants who had data on both dietary intake and a brain 
MRI scan. The median age interval between dietary assessment and MRI scanning was 
0.13 months. From this group, we excluded participants with a reported daily energy 
intake of less <500 or >5,000 kcal/d (n = 162) and participants with prevalent dementia 
or cortical infarcts on MRI (n = 72), leaving a total of 4,213 participants for the current 
analyses.

The Rotterdam Study has been approved by the medical ethics committee of the Eras-
mus MC (registration number MEC 02.1015) and by the Dutch Ministry of Health, Welfare 
and Sport (Population Screening Act WBO, license number 1071272-159521-PG).

Dietary intake assessment

Dietary intake was assessed with a validated, self-administered, semi-quantitative 
food-frequency questionnaire (FFQ) consisting of 389 items. This FFQ was previously 
validated against the dietary history method and against nine-day food records in 
2 other Dutch populations and was found to be an appropriate measurement tool 
for ranking people according to their food intake.23, 24 For the different food items, 
questions about the number of servings per day and the frequency of consumption 
were included. Energy intake was calculated using the Dutch Food Composition Table 
(NEVO). Based on the information obtained from the FFQ, we evaluated adherence 
(yes/no) to 14 items of the Dutch dietary guidelines25 (vegetables, fruit, whole grain 
products, legumes, nuts, dairy, fish, tea, whole grains of total grains, unsaturated fats 
and oils of total fats, red and processed meat, sugar-containing beverages, alcohol, 
and salt; Table 1). An overall diet score (0-14) reflecting adherence to the dietary 
guidelines was calculated by adding up the scores for the 14 above mentioned food 
groups, as described in more detail elsewhere.21 For comparison with other studies, we 
additionally calculated a Mediterranean diet score based on sex and cohort specific 
median food intake of our study population, as previously described by Trichopoulou 
et al.26

Table 1. Population characteristics

Sample size N =4,213

Women 56.8  %

Age, years 65.7 (10.8)

Age, years, range 45.5 – 97.5

Education, y 12.7 (3.9)

Lower 27.8 %

Middle 48.7 %
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Table 1. Population characteristics (continued)

Sample size N =4,213

Higher 23.5  %

Physical activity, MET-hours/week 59.9 (55.1)

Past or current smoking 14.5 %

Hypertension 22.2%

Hypercholesterolemia 52.0 %

Body mass index, kg/m2 27.3 (4.1)

Type 2 diabetes 8.6 %

Dietary characteristics

Energy intake, kcal/day 2,081 (1,684-2,542)a

Number of items adhered to (no.) 7 (6-8)a

Adherence to individual guideline components (%)

Vegetables ≥200 g/day 44.2

Fruit 200 ≥ g/day 59.6

Whole grain products ≥ 90 g/day 63.6

Legumes ≥ 135 g/week 28.2

Nuts ≥ 15 g/day 21.8

Dairy ≥ 350 g/day 37.4

Fish ≥ 100 g/week 54.0

Tea ≥ 450 g/day 8.2

Whole grains ≥ 50% of total grains 79.3

Unsaturated fats and oils ≥ 50% of total fats 67.8

Red and processed meat ≤ 300 g/week 22.7

Sugar-containing beverages ≤ 150 g/day 80.6

Alcohol ≤ 10 g/day 57.7

Salt ≤ 6 g/day 63.5

Brain MRI tissue volumes

Total brain volume, mL 932.01 (105.9)

Grey matter volume, mL 529.4 (62.4)

White matter volume, mL 402.7 (66.8)

Hippocampus volume, mL 7.7 (1.00)

Markers of cerebral small vessel disease

Lacunes 4.6%

Microbleeds 20.6%

White matter lesion volume,b mL 8.2 (1.1)

Abbreviation: MET = metabolic equivalent of task. Values are based on imputed data. Numbers of missings 
per variable were 579 for amount of physical activity; 386 for total cholesterol; 316 for diastolic and systolic 
blood pressure; 302 for body mass index; 59 for years of education and 59 for highest obtained education 
level. a Values are mean (SD) for continuous variables or median (interquartile range) when indicated (*), 
percentages for dichotomous variables. b ln-transformed.
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Magnetic resonance imaging

Brain MRI was performed on a 1.5T MRI scanner with a dedicated eight-channel head 
coil (software version 11x; General Electric Healthcare, Milwaukee, WI).22 The scan 
protocol included a T1-weighted sequence, a proton-density weighted sequence and 
a fluid-inversion-recovery sequence.22, 27 To quantify brain volume, grey matter volume, 
white matter volume, white matter lesion volume, hippocampal volume and intracranial 
volume, automated brain tissue classification was used. This quantification strategy was 
based on a k-nearest neighbour classifier algorithm, extended with an in-house devel-
oped white matter lesion segmentation.22, 27 Furthermore, T1-weighted MR images were 
processed using FreeSurfer (version 5.1) to obtain the hippocampus volume.28 Visual 
evaluation of all scans was performed to assess the presence and amount of lacunes, 
cortical infarcts, and cerebral microbleeds, using a strategy that has been previously 
described in detail.22

Other measurements in the Rotterdam Study

Information on cardiovascular risk factors, medication use, physical activity, and edu-
cational level was obtained by interview, physical examinations and blood sampling. 
Smoking data were collected through self-report and categorized into never, former, 
and current smoking. Educational level was categorized as lower, middle or higher 
education. Total years of education was calculated. Height and weight, blood pressure, 
glucose levels and cholesterol levels were measured and body mass index was calcu-
lated (kg/m2). Systolic and diastolic blood pressure was measured twice using a random 
zero-sphygmomanometer. Glucose was determined by the hexokinase method. Using 
an automatic enzymatic procedure, serum total cholesterol and high-density lipopro-
tein cholesterol were measured from fasting blood samples.29 Hypertension was defined 
as systolic blood pressure ≥ 160 mmHg and/or diastolic blood pressure ≥ 90 mmHg and/
or the use of blood pressure lowering medication.27 Hypercholesterolemia was defined 
as total cholesterol concentration ≥ 6.2 mmol/L and/or the use of lipid-lowering medica-
tion.27 Type 2 diabetes was defined as having fasting blood glucose concentrations >7.0 
mmol/L, non-fasting blood glucose >11.1 mmol/L, or use of glucose-lowering medica-
tion. The LASA (Longitudinal Ageing Study Amsterdam) Physical Activity Questionnaire 
was used to assess the amount of physical activity. This is a validated questionnaire,30, 31 
that consists of questions about walking, cycling, gardening, sports, and housekeep-
ing.21 For each participant, data were recalculated into MET (metabolic equivalent of 
task) hours per week.32

Statistical analysis

Given the skewed distribution of white matter lesion volume, we natural log-transformed 
these values and used these in the analyses. The association of the diet quality score 
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with total brain volume, grey matter volume, white matter volume, white matter lesion 
volume and hippocampal volume was examined using multivariable linear regression 
models. In the first model we adjusted for age, sex, educational level, total energy intake, 
and intracranial volume (as proxy for head size). In the second model, we additionally 
adjusted for smoking, body mass index, and physical activity. A third model was con-
structed in which we adjusted model 2 with the addition of diabetes, hypertension, and 
hypercholesterolemia.

The association of diet quality scores with the presence of lacunes and cerebral micro-
bleeds was assessed using logistic regression models, and adjustments were similar to 
the above-mentioned models. To further explore whether associations of the overall diet 
quality score were explained by certain items of the dietary guidelines, we investigated 
associations of adherence to guidelines for specific food groups with the global and focal 
brain structures using the same models. We checked for effect modification by sex, and 
we checked for interaction by age by using interaction terms. To check whether associa-
tions were not driven by one specific food component we repeated our main analysis by 
excluding each of the 14 individual guidelines from the total dietary guideline score one 
at a time, and examining the effect on the estimates. Finally, to analyse the robustness 
of our dietary guideline score and the comparability of it toward other populations, we 
also conducted analyses to investigate the associations between the Mediterranean diet 
score and brain volumetric and between the Mediterranean diet score and focal vascular 
brain lesions using the above-mentioned models. Missing variables (<1%) were imputed 
using the multiple imputation algorithm (5 imputations) of SPSS. For the analyses, IBM 
SPSS statistics version 23 (IBM Corp, Armonk, NY) was used.

RESULTS

Table 1 shows the characteristics of the study population. Mean age at time of dietary 
assessment was 65.7 years (SD 10.8, range 45.5 – 97.5), and 56.7% of the participants 
were women. Participants had a median energy intake of 2,081 kcal/d (interquartile 
range 1,684-2,542) and had a median dietary guideline adherence score of 7 (interquar-
tile range 6-8) on a theoretical range of 0 to 14. Participants had a total brain volume of 
932.0 mL (SD 105.9).

We found that, after adjustment for age, sex, intracranial volume, education, energy 
intake, smoking, physical activity and body mass index (model 2), a higher diet quality 
score related to larger total brain volume, grey matter volume, white matter volume, 
and hippocampal volume (Table 2). Additional adjustment for other cardiovascular risk 
factors (model 3) did not change these results (Table 2). A higher diet score was neither 
associated with the presence of lacunar infarcts and microbleeds nor the volume of 
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white matter lesions (Table 3). We found no prominent differences between men and 
women (Supplementary tables 1 to 4 [links.lww.com/WNL/A531]), and there was no 
interaction by age (p for interaction > 0.05).

Regarding specific food components, we observed that associations of diet quality 
with brain volumes were not driven by one single component. Guideline adherence for 
multiple components, such as vegetables, fruit, whole grains, nuts, dairy and fish was 
associated with larger total brain and white matter volumes (Table 4). Moreover, adher-
ing to the guidelines for whole grains and dairy was associated with larger grey matter 
volumes, and adhering to the guidelines of sufficient fruit and low sugar-containing 
beverage intake was related to larger hippocampus volumes (Table 4). In line with this, 
excluding each of the food groups one by one from the score resulted in similar associa-
tions with brain volumes as observed for the total dietary guideline score (Supplemen-
tary table 5 [links.lww.com/WNL/A531]). As demonstrated in Supplementary tables 6 
and 7, the effect estimates of the association between Mediterranean diet score and 

Table 2. Diet quality and brain volume

Total brain volume Grey matter 
volume

White matter 
volume

Hippocampus 
volume

Difference in mL 
(95% CI)

Difference in mL 
(95% CI)

Difference in mL 
(95% CI)

Difference in mL 
(95% CI)

Model 1 2.04 (1.24, 2.85) 0.85 (0.15, 1.55) 1.19 (0.42, 1.97) 0.02 (0.01, 0.03)

Model 2 2.03 (1.24, 2.83) 0.88 (0.18, 1.59) 1.15 (0.37, 1.93) 0.02 (0.00, 0.03)

Model 3 2.01 (1.21, 2.80) 0.89 (0.19, 1.60) 1.11 (0.33, 1.89) 0.02 (0.00, 0.03)

Difference in volume in mL per one point better adherence to the dietary guidelines. CI: confidence interval 
Model 1: adjusted for age, sex, intracranial volume, education, energy intake. Model 2: adjusted for age, sex, 
intracranial volume, education, energy intake, smoking, physical activity and body mass index. Model 3: 
adjusted for age, sex, intracranial volume, education, energy intake, smoking, physical activity, body mass 
index, diabetes, hypertension and hypercholesterolemia. Statistically significant effect estimates (p < 0.05) 
apply to all data.

Table 3. Diet quality and focal brain lesions

White matter lesions* Lacunes Microbleeds

Difference (95% CI) OR (95% CI) OR (95% CI)

Model 1 -0.01 (-0.02, 0.01) 1.01 (0.93, 1.10) 0.99 (0.95, 1.04)

Model 2 -0.01 (-0.02, 0.01) 1.01 (0.93, 1.10) 0.99 (0.95, 1.04)

Model 3 -0.01 (-0.02, 0.01) 1.01 (0.93, 1.10) 0.99 (0.95, 1.04)

Difference in volume per 1-point better adherence to the dietary guidelines. OR: Odds Ratio. CI: confidence 
interval. * log-transformed. Model 1: adjusted for age, sex, intracranial volume, education, energy intake. 
Model 2: adjusted for age, sex, intracranial volume, education, energy intake, smoking, physical activity 
and body mass index. Model 3: adjusted for age, sex, intracranial volume, education, energy intake, smok-
ing, physical activity, body mass index, diabetes, hypertension and hypercholesterolemia. No statistically 
significant effect estimates (p < 0.05).

8 Erasmus Medical Center Rotterdam



brain volume and between the Mediterranean diet score and focal brain lesions were 
similar to the results found for the Dutch dietary guidelines, as can be seen in Tables 3 
and 4.

DISCUSSION

In this large sample of community-dwelling individuals free of dementia, we found 
that better overall diet quality is related to larger total brain volume, grey matter, white 
matter, and hippocampal volumes. These associations were not driven by one specific 
food group, though several food groups contributed differentially to the effect on brain 
changes. In particular, sufficient intake of vegetables, fruit, nuts, whole grains, dairy, and 
fish and limited intake of sugar-containing beverages were related to larger brain tissue 
volumes and thus together promote brain health together. We found no effects of diet 

Table 4. Adherence to dietary guidelines for specific food groups and brain volume

Total brain 
volume

Grey matter 
volume

White matter 
volume

Hippocampus 
volume

Difference in mL
(95% CI)

Difference in mL
(95% CI)

Difference in mL
(95% CI)

Difference in mL
(95% CI)

Vegetables 3.35 (0.31, 6.39)a -0.47 (-3.16, 2.22) 3.82 (0.85, 6.79)a 0.03 (-0.02, 0.08)

Fruit 4.17 (1.10, 7.24)a 0.67 (-2.05, 3.39) 3.50 (0.50, 6.50)a 0.06 (0.01, 0.11)a

Whole grains 3.45 (0.32, 6.58)a 3.11 (0.34, 5.88)a 0.34 (-2.72, 3.40) 0.03 (-0.02, 0.08)

Legumes 0.08 (-3.13, 3.29) 0.98 (-1.79, 3.76) -0.91 (-3.73, 1.92) -0.00 (-0.06, 0.05)

Nuts 5.91 (2.26, 9.55)a 1.41 (-1.82, 4.63) 4.50 (0.94, 8.07)a -0.01 (-0.07, 0.06)

Dairy 2.45 (-0.59, 5.49) 2.76 (0.10, 5.42)a -0.31 (-3.28, 2.67) 0.02 (-0.03, 0.07)

Fish 2.44 (-0.47, 5.35) -1.60 (-4.17, 0.97) 4.04 (1.20, 6.87)a 0.05 (-0.00, 0.10)

Tea -0.20 (-5.43, 5.02) 2.94 (-1.68, 7.56) -3.15 (-8.25, 1.96) -0.01 (-0.09, 0.08)

Grains 5.39 (1.84, 8.94)a 2.43 (-0.71, 5.57) 2.95 (-0.52, 6.42) 0.04 (-0.02, 0.10)

Fats 2.10 (-0.97, 5.16) -0.31 (-3.03, 2.41) 2.40 (-0.60, 5.41) 0.01 (-0.04, 0.06)

Red meat 2.29 (-1.25, 5.83) 3.01 (-0.12, 6.13) -0.72 (-4.17, 2.74) 0.01 (-0.05, 0.07)

Sugar containing beverages -1.57 (-5.25, 2.12) -1.00 (-4.23, 2.22) -0.56 (-4.17, 3.04) 0.09 (0.02, 0.15)a

Alcohol 2.43 (-0.57, 5.43) 1.50 (-1.16, 4.15) 0.94 (-2.00, 3.87) -0.01 (-0.06, 0.04)

Salt 0.69 (-3.15, 4.54) 2.04 (-1.36, 5.44) -1.35 (-5.10, 2.41) -0.03 (-0.10, 0.03)

Difference in volume in millilitres (95% confidence interval) for adherence (yes/no) to the guideline for the 
specific food group. CI: confidence interval. Adjusted for age, sex, intracranial volume, education, energy 
intake, smoking, physical activity and body mass index. Cut off values for guidelines: vegetables ≥200 g/
day, fruit ≥200 g/day, whole grain products ≥90 g/day, legumes ≥135 g/week, nuts ≥15 g/d, dairy ≥350 g/
day, fish ≥100 g/week, tea ≥450 g/day, whole grains ≥ 50% of total grains, fats (unsaturated) ≥50% of total 
fats, meat (red and processed) ≤300 g/week, sugar-containing beverages ≤150 g/day, alcohol ≤10 g/d, salt 
≤6 g/day (Table 1).
a Statistically significant effect estimates (p < 0.05).
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quality on focal vascular brain lesions, such as white matter lesions, or the presence of 
lacunes or microbleeds.

Strengths of our study included the population-based setting and (quantitative) 
assessment of structural brain changes using imaging. In addition, we used a novel, 
validated, food-based diet score that can be used to rate overall diet quality of adults.21 
Contrary to other dietary guidelines, this guideline is completely based on food groups 
instead of individual nutrients,21 which represents a more accurate reflection of eating 
patterns. However, some limitations of the current study should also be acknowledged. 
First, the FFQ relies on an individual’s capacity to recall their dietary behaviour over the 
past month. Recall bias in dietary behaviour could be a systematic bias. For example, 
alcohol consumption is known to be underreported, and thus an underestimation of the 
actual alcohol intake in our population might be expected, leading to an underestima-
tion of the true effect on the brain.33 Second, the dietary guideline score is constructed 
using a dichotomous variable per component (i.e., adherent or non-adherent) which 
may have resulted in loss of information leading to an underestimation of the true ef-
fect. Third, this is a cross-sectional study, hampering the possibility to infer causality 
between determinant and outcome. Fourth, this dietary guideline score is developed 
for and validated in a Dutch population, which might restrict generalizability to other 
countries and its populations. However, our results indicate that the Mediterranean diet 
score developed by Trichopoulou at al.26 showed the same associations between diet 
quality and brain volume and between diet quality and focal vascular lesions. This sup-
ports the generalizability of the Dutch dietary guidelines and suggests that overall diet 
quality is important for brain structure irrespective of the exact index used to define 
diet quality. Nevertheless, it is also important to acknowledge that it is still necessary to 
use population-specific dietary guidelines and corresponding diet scores to accurately 
estimate diet quality of populations. The widely used Mediterranean Diet, for example, 
has been found to predict mortality risk in Mediterranean populations, but it predicts 
mortality less so in non-Mediterranean populaitons.34 Finally, although we tried to ad-
just for lifestyle factors and other factors that may relate to both diet quality and brain 
health, there still might be residual confounding from unmeasured confounders.

We found that better diet quality related to larger total brain volume, grey matter 
volume, white matter volume and hippocampal volume, supporting our hypothesis 
that direct structural changes in the brain are influenced by variations in diet quality. 
There are few other studies that examined the association between diet quality and 
brain health. Those that did examine the association between diet quality and brain 
health mostly incorporated a Mediterranean Diet. Similar results have been found in 
those studies, with better adherence to a Mediterranean Diet associated with lower 
rates of brain atrophy and larger grey and white matter volumes.14,11 Regarding the 
potential pathways through which diet can influence the brain, there are several pos-
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sibilities. First, nutritional factors could have a direct effect on neuronal heath. In a 
randomized controlled trial, the effects of a Mediterranean Diet on plasma brain-derived 
neurotrophic factor levels,35 a nerve growth factor promoting survival and growth ef-
fects on neurons, was investigated.36 The authors found higher plasma brain-derived 
neurotrophic factor levels in the experimental group compared to the control group.35 
In animal studies, comparable results have been found.37 Dietary interventions in mice 
improved cerebrovascular health and enhanced neuroprotective mechanisms, leading 
to an increase of the synthesis of synaptic proteins and phospholipids and an improve-
ment of functional connectivity in the brain.37 These results highlight the potential of 
direct neuroprotective effects of diet quality on the brain, but other potential pathways 
should also be considered.

Another pathway could be the influence of diet quality on vascular risk and cerebro-
vascular disease. Changes in nutrition are thought to be a promising way to lower the 
risk of cerebrovascular disease.38 However, in our study, we found that diet quality was 
not associated with focal vascular brain lesions (white matter lesions, lacunes, or cere-
bral microbleeds), not supporting this hypothesis. It is of interest that a cross-sectional 
study with 1,091 participants found that adhering to a Mediterranean Diet does relate 
to a lower volume of white matter lesions,39 and also more generally, a healthy dietary 
pattern has been related to a lower cardiovascular risk.40-42 A randomized trial which was 
conducted in Spain in 2013 reported a lower incidence of major cardiovascular events 
(relative risk reduction of approximately 30%) among high-risk persons whom received 
a Mediterranean Diet supplemented with extra-virgin olive oil or nuts compared to the 
control group.43 The absence of an association in our study might be attributable to 
information loss as we used the presence (yes/no) of infarcts and microbleeds, possibly 
leading to an underestimation of the true effect. Another plausible explanation lies in 
the fact that most research in nutrition and cerebrovascular disease is performed in clini-
cal studies. Participants are thus assigned to a diet, which might be healthier than what 
they normally eat, whereas the participants in our study report what they eat in general, 
which might be less healthy than the diets assigned to in clinical trials. Thirdly, residual 
confounding may underlie the association between diet and brain structure. Although 
we corrected for lifestyle factors such as education, energy intake, smoking, physical 
activity and body mass index, there still might be residual confounding. For example, 
socio-economic status (SES) might be a confounder in the relationship between brain 
health and diet quality. However, we do not have enough data pertaining to income 
and occupation, for example, to construct a proper SES variable, and therefore we used 
education as a proxy for SES.

Finally, we might be looking at an effect of neurodevelopment where variations in diet 
quality throughout life have different effects on brain structure and brain health. In a 
study conducted in Japan, researchers compared 2 types of breakfast in children aged 5 
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to 18 years.44 The breakfast types, rice or bread, influenced different regions in the brain. 
The rice group had larger grey matter volumes in several regions, such as the left superior 
temporal gyrus, whereas the bread group had significantly larger grey matter volumes 
in several other regions, including the bilateral orbitofrontal gyri. This suggests that op-
timal nutrition is important for brain maturation.44 Moreover, research in infants showed 
that breastfeeding is associated with improved developmental growth in late maturing 
white matter association regions, and that extended breastfeeding was associated with 
improved white matter structure and higher cortical thickness.45-47 Again, this underlines 
the importance of nutrition on brain development and maturation and thus brain health.

Regarding the specific food groups in the diet quality score we used, most of the 
components contributed to the associations observed for overall diet quality with 
brain volumes. We found that sufficient intake of each - vegetables, fruit, nuts and 
whole grains - significantly related to larger total brain volume and larger white matter 
volumes. Multiple studies have addressed specific nutrient patterns and brain health. 
One study found “Alzheimer’s disease-protective” nutrient patterns where vitamin B12, 
vitamin D, and zinc were positively associated with AD brain biomarkers.17 In addition, 
grey matter volume was negatively associated with intake of cholesterol, sodium, and 
saturated and trans-saturated fats. These nutrient patterns were linked to a higher intake 
of fruit, vegetables, whole grains, fish, low-fat dairy, and nuts and with a lower intake of 
sweets, fried potatoes, processed meat, high-fat dairy, and butter.17 Other studies also 
found associations between higher intake of fish, whole grain, dairy (low-fat), and lower 
intake of meat, alcohol, and sugar-containing beverages and larger brain volumes such 
as grey matter volume and hippocampal volume.11, 48, 49 However, intake of these compo-
nents are correlated and therefore should be interpreted as a dietary pattern rather than 
as individual components. People consume a diet that consists of multiple nutrients 
that have interactive effects. Therefore, considering individual components might be 
inadequate to taking the additive and interactive effects of nutrients into account.10 
Moreover, we found similar effect estimates when excluding one food component at a 
time from the overall diet quality score, suggesting that the associations of overall diet 
quality were not driven by one specific food component and highlighting the impor-
tance of the overall diet quality.

This study suggests that a better overall diet quality is associated with larger brain 
tissue volumes, in which the additive and interactive effects of certain food groups, 
such as high consumption of fruit, vegetables, whole grains, nuts, dairy and fish and 
low consumption of sugar-containing beverages, support brain health. These results 
highlight the potential of nutrition influencing cognition and the risk of developing 
dementia through brain health. More research, in particular longitudinal population-
based research, is needed to unravel direct vs indirect effects between diet quality and 
brain health.
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