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Dietary patterns from youth to adulthood with cognitive function in midlife: the1

Cardiovascular Risk in Young Finns Study2

Abstract3

Importance Diet plays an important role in cognitive health, but the long-term association of4

early life diet with cognitive function in adulthood remains unknown.5

Objective To examine if youth, adulthood, and long-term dietary patterns from youth to6

adulthood associate with cognitive function in midlife.7

Design, Setting, and Participants Population-based cohort study that had dietary intake8

assessed in year 1980 (baseline, participants aged 3-18 years), 1986, 2001, 2007, and 20119

and cognitive function assessed in year 2011.10

Exposures Six dietary patterns were derived from 48-h food recall or food frequency11

questionnaire using factor analysis: traditional Finnish, high-carbohydrate, vegetables and12

dairy products, traditional Finnish and high-carbohydrate, red meat, and healthy. Scores of13

long-term dietary patterns were calculated as the average between youth and adulthood.14

Main Outcome and Measures Cognitive function outcomes assessed include episodic15

memory and associative learning, short-term working memory and problem solving, reaction16

and movement time, and visual processing and sustained attention. Standardised z-scores of17

exposures and outcomes were used for analyses.18

Results Participants (n=790, mean age=11.2 years) were followed up for 31 years.19

Multivariable models showed that both youth and long-term ‘vegetables and dairy products’20

and ‘healthy’ patterns were positively associated with episodic memory and associative21

learning scores (β: from 0.080 to 0.111, p<0.05 for all). Both youth and long-term ‘traditional22

Finnish’ patterns were negatively associated with spatial working memory and problem23
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solving (β =-0.085 and -0.097, respectively; p<0.05 for both). Long-term ‘high-carbohydrate’1

and ‘traditional Finnish and high-carbohydrate’ patterns were inversely associated with visual2

processing and sustained attention, whereas ‘vegetables and dairy products’ pattern was3

positively associated with this cognitive domain (β =-0.117 to 0.073, p<0.05 for all).4

Adulthood ‘high-carbohydrate’ and ‘traditional Finnish and high-carbohydrate’ patterns were5

inversely associated with all cognitive domains except for reaction and movement time (β =-6

0.072 to -0.161, p<0.05 for all). Both long-term and adulthood ‘red meat’ pattern was7

positively associated with visual processing and sustained attention (β =0.079 and 0.104,8

respectively; p<0.05 for both). These effect sizes correspond to approximately 1.6 to 16.19

years of cognitive aging on these cognitive domains.10

Conclusions and Relevance Higher adherence to ‘traditional Finnish’, ‘high carbohydrate’11

and ‘traditional Finnish and high-carbohydrate’ patterns across the early life-course was12

associated with poorer cognitive function in midlife, whereas higher adherence to ‘healthy’13

and ‘vegetables and dairy products’ patterns was associated with better cognitive function.14

The findings, if causative, highlight the importance of maintaining a healthy dietary pattern15

from early life to adulthood in the attempt to promote cognitive health.16

17
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Introduction1

Early life factors have been linked to cognitive function in adulthood[1-3], suggesting a2

window of opportunity for early prevention of cognitive deficit and dementia in later life[4].3

Diet plays a pivotal role in cognitive health[5]. However, most studies have only examined4

the association of a single food or nutrient in childhood with cognitive function later in life.5

This is an evident limitation as different components of diet interact with one another and6

may have cumulative and synergistic effects, which are not captured in analysis of a single7

food or nutrient.8

Dietary pattern analysis is one approach to assess the association of overall diet with health9

outcomes[6]. A few studies have examined the effect of overall diet, such as dietary pattern,10

on cognitive function in children or adolescents, with inconsistent findings[7-15]. However,11

these studies have generally assessed diet at one or two time points and typically had a short12

duration of follow-up (less than 10 years), with long-term data on the association of overall13

diet since early life with cognitive function in adulthood not available. Thus, we aimed to14

examine the associations of youth, adulthood, and long-term dietary patterns from youth to15

adulthood with cognitive function in midlife.16

Methods17

Participants18

Participants were from the Cardiovascular Risk in Young Finns Study (YFS), a prospective19

cohort that began in 1980 (baseline), who were re-measured in 1983, 1986, 2001, 2007 and20

2011[16]. Of those randomly selected from the national register of all five university cities21

with medical schools and their rural surroundings in Finland, 3596 children (83.2% response22

rate) aged 3-18 years participated in the baseline survey in 1980. At baseline, half of the23

participants were randomly selected to participate in the 48-hour dietary recall interview24
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(N=1767) and were re-interviewed in 1986 (n=1212) and 2001 (n=1037). All participants1

were invited to complete the Food Frequency Questionnaire assessment in 2007 (n=1996)2

and 2011 (n=1736). To assess the association between long-term dietary patterns and3

cognitive function, participants were included if they had complete data on long-term dietary4

patterns and confounders (see statistical analysis) and at least one of the four cognitive5

function domains assessed in 2011 (n=790). A flowchart of participation is given in Figure 1.6

All participants gave written informed consent, and local ethics committees approved the7

study.8

Cognitive function9

Cognitive function was measured in 2011 using a computerized cognitive testing battery10

(CANTAB®, Cambridge Cognition, Cambridge, United Kingdom), with full details described11

elsewhere[1, 17]. Briefly, the test battery in the YFS included four domains: 1) paired-12

associates learning (PAL) test measuring visual and episodic memory and visuospatial13

associative learning (hereafter episodic memory and associative learning); 2) spatial working14

memory (SWM) test measuring short-term and spatial working memory and problem solving15

(short-term working memory and problem solving); 3) reaction time (RTI) test measuring16

reaction and movement speed and attention (reaction and movement time); and 4) rapid17

visual information test (RVP) measuring visual processing, recognition, and sustained18

attention (visual processing and sustained attention).19

Each test produced several variables. Principal component analyses were conducted20

separately for all individual tests to identify components accounting for most of the variation21

within the dataset. The first principal component identified for each test was used to represent22

cognitive function in the specific cognitive domains. All components were normalized using23
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a rank order normalization procedure resulting in four variables, each with a mean of 0 and1

standard deviation of 1.2

Diet assessment3

Details of diet assessment in 1980, 1986 and 2001 have been described elsewhere[18].4

Briefly, diet was assessed by trained dietitians using a 48-hour dietary recall method by5

recording the type and amount of food eaten by the participant during the two days prior to6

the interview. In 2007 and 2011, diet was assessed by a validated 131-item food frequency7

questionnaire[19, 20]. Participants were asked about their habitual diet during the past 128

months, which were presented under 12 subgroups (e.g., dairy products, vegetables, and fruits9

and berries). The average use of 131 food items and mixed dishes was recorded by nine10

frequency categories ranging from never or seldom to at least six times a day. The portion11

size was fixed for each food item or mixed dish (e.g., slice and glass) based on the dietary12

interviews of the national FINDIET 2007 Study. Food consumption was calculated in grams13

per day by the National Food Composition Database[21].14

Other factors15

All measures were from baseline (1980) unless otherwise stated. Height and weight were16

measured and body mass index (BMI) calculated as weight/height2 (kg/m2). Smoking habits17

were asked during a health examination in a solitary room from participants aged 12 years18

and older. Smoking for participants aged <12 years at baseline was defined based on follow-19

up data when they were aged 12-18 years. Smokers were defined as smoking once a day or20

more often. Participants were defined as adult smokers if they smoked at any adult follow-21

ups in 2001, 2007 and 2011 (as non-smokers if they did not smoke at any adult follow-ups22

and had at least one adult measurement). Questionnaires were used to collect physical activity23

information. We used a parent-completed questionnaire for participants aged 3 and 6 years24
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and self-reported questionnaire for those aged 9 to 18 years. An age-standardised physical1

activity index was calculated[22], which has been shown to be reliable and valid[23].2

Socioeconomic status (SES) was assessed by: 1) the length of the parent's education (in years3

for the parent with the highest education), 2) mean household income and 3) any history of4

parental unemployment. Education and income variables were standardized and then5

multiplied by -1. SES was defined as the mean of the three variables (higher score indicates6

lower SES). Youth school performance was measured as the mean of grades in all individual7

school subjects; data for those who were not of school age at baseline were obtained from the8

subsequent 3- and 6-year follow-ups. Blood pressure and triglycerides were measured using9

standard methods, with details described elsewhere[24].10

Adult height, weight (BMI calculated as weight/height2), systolic blood pressure, serum total11

cholesterol and triglycerides, and physical activity were measured in 2001, 2007 and 201112

and the mean value from these three time points were used in analyses. Adulthood blood13

pressure was measured using a random zero sphygmomanometer in adulthood with the14

average of three measurements calculated. Venous blood samples were drawn after an15

overnight fast to measure serum total cholesterol and triglycerides using standard enzymatic16

methods as previously described[25]. Questionnaire was used to obtain information on adult17

physical activity.18

Statistical analysis19

Dietary pattern analysis20

Methods for identifying dietary patterns have been described elsewhere[26] and are provided21

in detail in Supplemental Materials. Briefly, all food items measured in each survey were22

classified into 23 food groups and exploratory factor analysis was used to identify dietary23

patterns for each survey year. Three dietary patterns were identified in 1980. For consistency,24
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three dietary patterns with the largest eigenvalues were retained for all follow-up surveys,1

resulting in a total of 15 patterns (Supplementary Tables 1 and 2). In consideration of2

similarity, six different dietary patterns were finally chosen to broadly represent the different3

patterns identified across the five survey years in the study sample (Supplementary Table 14

and Supplementary Figure 1), three each in 1980 and 2011. In 1980, the patterns were5

‘traditional Finnish’ characterised by high intake of butter, rye, potatoes, coffee, milk, and6

sausages and low intake of fruit and berries; ‘high-carbohydrate’ by high intake of margarine7

and oils, wheat, sugar, eggs, milk, other meat, other grain products, potatoes, and fruit and8

berries; ‘vegetables and dairy products’ by high intake of vegetables, cheese, and other dairy9

products. In 2011, they were ‘traditional Finnish and high-carbohydrate’ characterised by10

high intake of grain products, potatoes, butter, sugar, and margarine and oils, ‘red meat’ by11

high intake of pork, eggs, sausages, offal, other meat and fish; ‘healthy’ by high intake of12

vegetables, legumes and nuts, fish, fruit and berries, cheese, and tea. Dietary pattern scores13

were calculated for all five survey years by summing the intake of food groups weighted by14

the factor loadings of the food groups with absolute loadings ≥0.2(12). A higher score15

indicates higher adherence to that specific dietary pattern. At each time point, dietary pattern16

scores were adjusted for total energy intake using the residual method to account for under-17

or over-reporting and eliminate the confounding effect of the amount of food consumed[27].18

Moreover, energy adjusted dietary pattern scores were further standardised by survey years to19

improve comparability across study years.20

Youth dietary pattern was generated as the mean of all available data when participants were21

aged ≤18 years at the time the diet was measured (e.g., mean of 1980 and 1986 for those aged22

≤18 years in 1986). Adulthood dietary pattern was generated as the mean of all available data23

when participants were aged >18 years at the time the diet was measured (e.g., mean of 1986,24
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2001, 2007 and 2011 for those aged >18 years in 1986). Long-term dietary pattern scores1

were generated as the average between youth and adulthood[28, 29].2

Descriptive and main analyses3

Mean (standard deviation) and number (%) were used, as appropriate, to describe variables.4

Univariable and multivariable linear regression was used to assess the associations between5

youth, adulthood, and long-term dietary patterns from youth to adulthood with adult cognitive6

function. We selected potential confounders based on the biological plausibility and statistical7

significance of an association of the selected variable with both the outcome and the exposure8

of interest. All analyses were adjusted for age, sex, and youth socioeconomic status, school9

performance, BMI, physical activity, smoking, systolic blood pressure, and adulthood10

systolic blood pressure, total cholesterol, triglycerides, and physical activity. Adult dietary11

pattern was used as a covariate when youth dietary pattern was the exposure of interest, and12

vice versa. To demonstrate the clinical relevance of the data, we also estimated the years of13

cognitive aging for all significant associations between dietary pattern scores and cognitive14

function[17]. Adjusted associations of quartiles of long-term dietary patterns with each15

cognitive function domain were also estimated, with p values for trend assessed using16

quartiles as continuous variables.17

We assessed interactions between sex and age with dietary patterns by including the product18

term between sex or age with each youth, adulthood, and long-term dietary pattern score.19

Sensitivity analysis was performed by re-analysing the associations of these dietary pattern20

scores with cognitive functions using inverse probability weighting to account for missing21

data[30, 31]. Briefly, age, sex, and baseline BMI, socioeconomic status, physical activity and22

smoking, and systolic blood pressure were used to predict the participants’ probabilities of23

being a complete case using logistic regression. To deal with missing data, the inverse24
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probabilities were used to weight the fully adjusted linear regression models for the1

association between each dietary pattern score and cognitive function. We assumed all values2

were missing at random.3

All analyses were performed in Stata version 15.1 (Stata Corporation, Texas, USA). A two-4

tailed p value <0.05 was considered statistically significant.5

Results6

Participants’ characteristics7

Figure 1 shows the flow of study participants. Of the 3596 participants, 2806 were excluded8

due to no diet assessments in youth (N=1,817) or adulthood (N=414), missing outcomes9

(N=410), or missing covariates (N=165). Finally, 790 participants were included in the10

analysis of this study. We compared those included in the study with those not included.11

Generally,those included were slight older, and were less likely to be males, had slightly12

lower systolic blood pressure in adulthood and lower scores of long-term ‘high-13

carbohydrate’, ‘traditional Finnish and high-carbohydrate’, and ‘red meat’ dietary patterns14

(Table 1).15

Sensitivity analyses16

Overall, the multivariable regression analysis consistently showed that both youth and long-17

term ‘vegetables and dairy products’ and ‘healthy’ patterns were positively associated with18

episodic memory and associative learning (β:from0.080 to 0.111, p<0.05 for all) (Table 2).19

Both youth and long-term ‘traditional Finnish’ pattern was negatively associated with spatial20

working memory and problem solving (β =-0.085 and -0.097, respectively; p<0.05 for both).21

Long-term ‘high-carbohydrate’ and ‘traditional Finnish and high-carbohydrate’ patterns were22

inversely associated with visual processing and sustained attention, whereas ‘vegetables and23

dairy products’ pattern was positively associated with this cognitive domain (β =-0.117 to24

0.073, p<0.05 for all).25
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Adulthood ‘high-carbohydrate’ and ‘traditional Finnish and high-carbohydrate’ patterns were1

inversely associated with all cognitive domains except for reaction and movement time (β =-2

0.072 to -0.161, p<0.05 for all). Both long-term and adulthood ‘red meat’ pattern was3

positively associated with visual processing and sustained attention (β =0.079 and 0.104,4

respectively; p<0.05 for both), while the significant association were not seen for youth.5

These effect sizes correspond to approximately 1.6 to 16.1 years of cognitive aging on these6

cognitive domains[17]. For most of the patterns that were significantly associated with7

cognitive function, we observed a dose-response association with the strongest association8

observed for the highest quantile (Figure 2).9

There were no significant interactions between youth dietary patterns and age or sex with10

cognitive function. With regard to long-term and adulthood dietary patterns, the associations11

of ‘traditional Finnish’, ‘vegetables and dairy products’ and/or ‘healthy’ patterns with12

episodic memory and associative learning and/or reaction and movement time were mainly13

found in adolescence (15-18 years), whereas the association of ‘red meat’ pattern with14

episodic memory and associative learning was mainly found in early childhood (3-6 years)15

(Supplementary Table 3). The associations of long-term and adulthood ‘vegetables and dairy16

products’ pattern with visual processing and sustained attention and/or episodic memory and17

associative learning were only significant in males (Supplementary Table 4).18

Sensitivity analyses19

Inverse probability weighting showed largely similar results, except that the associations of20

youth ‘high carbohydrate’ pattern with spatial working memory and problem solving and21

adulthood ‘healthy’ pattern with visual processing and sustained attention were slightly22

increased and became significant (β =0.072, 95%CI: 0.003 to 0.141 and β =-0.084, 95%CI: -23

0.166 to -0.002, respectively), while the associations of long-term ‘vegetables and dairy24

products’ pattern with visual processing and sustained attention and ‘healthy’ pattern with25
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episodic memory and associative learning were reduced and no longer significant (β =0.067,1

95%CI: -0.009 to 0.144 and 0.062, -0.026 to 0.149, respectively) (data not shown).2

Discussion3

Higher adherence to ‘traditional Finnish’, ‘high carbohydrate’ and ‘traditional Finnish and4

high-carbohydrate’ patterns across the early life-course was associated with poorer cognitive5

function in midlife, whereas higher adherence to ‘healthy’ and ‘vegetables and dairy6

products’ patterns was associated with better cognitive function. These effect sizes7

correspond to approximately 1.6 to 16.1 years of cognitive aging on these cognitive domains8

[17], which have potential clinical importance. These data, if causative, suggest maintaining9

healthier dietary patterns (e.g., those characterised by high consumption of vegetables, fruits,10

legumes and nuts, cheese and other dairy products, but low consumption of margarine and11

oils, sausages and sugar) from early life to adulthood could provide meaningful benefits to12

cognitive health later in life.13

Our findings add to the existing literature by extending the long-term influence of dietary14

patterns across early-life course into adult cognitive function. Direct comparison between15

studies is difficult because of different methods for identifying dietary patterns and measuring16

cognitive function, diet variability across populations, and control of confounders.17

Nonetheless, a few previous studies in children and adolescents have generally shown a18

positive association of ‘good’ patterns (e.g., ‘High protein’[8] and ‘Health-conscious’[14])19

while a negative association of ‘bad’ patterns (e.g., ‘Snacky’[9, 10] and ‘Western’[12]) with20

cognitive function[7-15]. In the current study, long-term ‘traditional Finnish’ pattern21

(characterised by high intake of rye, potatoes, butter, milk, coffee and sausages but low22

consumption of fruit and berries) had a negative association with cognitive function in a23

dose-response manner, which is predominantly driven by youth exposure to this pattern. In24
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comparison, the negative association of ‘high carbohydrate’ and ‘traditional Finnish and high1

carbohydrate’ patterns with cognitive function were mostly seen in adulthood. These data2

may suggest a different nutritional requirement for cognitive development at different life3

stages. Plausible biological mechanisms for these associations, and possibly the associations4

for any dietary exposures, include inflammation, oxidative stress, and vascular risk5

factors[32]. For example, the ‘traditional Finnish and high carbohydrate’ pattern is6

characterised by a high intake of foods that are pro-inflammatory (e.g., refined carbohydrates,7

sugar, sausages)[33] and chronic low-grade inflammation may contribute to the pathogenesis8

of cognitive dysfunction[34].9

In line with findings from some but not all previous studies, we found a positive association10

between youth and long-term ‘healthy’ and ‘vegetables and dairy products’ patterns with11

adult cognitive function. For example, a birth cohort study did not find an association12

between ‘healthy’ dietary pattern with any tasks of the CogState cognitive battery (e.g., visual13

learning and memory by Continuous Paired Association Learning Task) in children aged 1414

years[12]. Another study showed that a ‘healthy’ pattern trajectory from age 6 to 24 months15

was weakly associated with higher intelligence quotient at age 8 but not 15 years[13].16

Together, these data may suggest a temporary effect of early life healthy diet and supports the17

implementation of preventive interventions to develop a healthy dietary pattern at an early18

stage of life and maintain it through to adulthood.19

Previous studies did not specifically examine a ‘red meat’ pattern in youth or its long-term20

status since early life, but a few studies showed a negative association of patterns including21

red meat as a main component with cognitive function[8, 12]. In contrast, our finding of the22

positive association of ‘red meat’ pattern with visual processing and sustained attention may23

be explained by reverse causation as this association was found for adulthood but not youth24

‘red meat’ pattern. Indeed, those who had better performance on visual processing and25
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sustained attention (top quartile) had increased ‘red meat’ pattern score from youth to1

adulthood while those with poorer performance (bottom quartile) had a slight decrease,2

particularly in those aged 3-6 years at baseline (data not shown). This may also explain why3

the positive association between long-term and adulthood ‘red meat’ pattern with cognitive4

function was mainly found in early childhood. Taken together, the positive association of ‘red5

meat’ dietary pattern with cognitive function needs to be interpreted with caution and6

investigated further.7

We also found that the associations of long-term and adulthood ‘traditional Finnish’,8

‘vegetables and dairy products’, and/or ‘healthy’ patterns with cognitive function were9

mainly seen in adolescence. Although the reasons are not known, a possible explanation for10

this might be that those of older age at baseline were born prior to the North Karelia11

project[35] that was launched in the beginning of the 70’s and thus, had developed a quite12

different diet habit since their childhood compared to those of younger age at baseline. In13

light of this, there was an overall positive change in the Finnish diet during the 60’s and14

70’s[36]. Interestingly, the association of ‘vegetables and dairy products’ with cognitive15

function was only significant in males. This may be because females had a generally higher16

adherence to this pattern while a less diverse distribution (i.e., higher smallest score). As a17

result, it is likely that most females had already achieved an appropriate level of adherence to18

this pattern. Taken together, these findings suggest that age and sex should be considered in19

the development of future preventive diet interventions.20

The main strength of this study is the youth-onset follow-up of a large population-based21

nationwide cohort, allowing us to examine the long-term dietary habits starting in early-life22

with adult cognitive function. Moreover, repeated measures of diet improve data quality. Our23

study has limitations. Causality could not be established due to the observational design.24

Although, to our knowledge, the effect of youth or long-term dietary interventions on adult25
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cognitive function remains unknown, a few short-term trials that focused on a single or a few1

nutrients have shown benefits to cognitive function in infants and children[37-39].2

Nonetheless, long-term trials that focus on promoting the whole diet are warranted, and the3

ongoing Special Turku Coronary Risk Factor Intervention Project (STRIP) coupling data on4

diet and cognitive function will provide such evidence[40]. We used both 48-hour dietary5

recall and FFQ, which may have partly affected the long-term dietary pattern scores.6

However, food items were largely comparable between the two different methods and were7

all grouped in the same way[27]. Moreover, we standardised dietary pattern scores by survey8

years to improve comparability between different methods and survey years. Like all long9

follow-up studies, we had missing data due to loss to follow-up after an extensive study10

period of 31 years. We showed that participants who were lost to follow-up were younger and11

more likely to be males and had lower BMI, poorer school performance, and more12

disadvantaged SES. Nonetheless, we used inverse probability weighting to deal with missing13

data, and the analysis showed largely similar results, suggesting minor influence of missing14

data. Lastly, youth cognitive function was not measured. Instead, we used youth school15

performance as a proxy, which is strongly correlated with cognitive function in children[41].16

In conclusion, higher adherence to ‘traditional Finnish’, ‘high carbohydrate’ and ‘traditional17

Finnish and high-carbohydrate’ patterns across the early life-course was associated with18

poorer cognitive function in midlife, whereas higher adherence to ‘healthy’ and ‘vegetables19

and dairy products’ patterns was associated with better cognitive function. The associations,20

if causative, suggest that maintaining a healthy dietary pattern from early life to adulthood21

could provide meaningful benefits to cognitive health later in life. More research is needed to22

confirm the causality and uncover underlying mechanisms.23

24
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Table 1 Characteristics of participants in the Cardiovascular Risk in Young Finns Study

Participants included in analysis
Included (n=790) Not included (n=2806 c) p-value

Youth factors
Age (years) 11.2 (4.7) 10.2 (5.1) <0.001
Male sex, n (%) 345 (44) 1419 (51) 0.001
BMI (kg/m2) 17.9 (3.0) 17.8 (3.1) 0.37
Systolic blood pressure (mmHg) 112.7 (11.4) 112.5 (12.4) 0.67
Daily smoking (yes/no), n (%) 135 (17) 392 (14) 0.06
Physical activity a -0.01 (0.98) 0.004 (1.01) 0.67
School performance 7.76 (0.74) 7.71 (0.73) 0.12
Socioeconomic status b 0.01 (0.60) 0.05 (0.59) 0.07
Adulthood factors
Physical activity 8.83 (1.65) 8.86 (1.68) 0.60
Systolic blood pressure (mmHg) 118.2 (12.1) 119.5 (12.8) 0.02
Triglycerides (mmol/L) 1.37 (0.86) 1.37 (0.83) 0.86
Total cholesterol (mmol/L) 5.13 (0.80) 5.15 (0.90) 0.60

Abbreviation: BMI, body mass index.
a age-specific standardized physical activity index.
b socioeconomic status was determined by family income, parental education and employment status
(see methods in main text).
c numbers differ from 1978 to 2806 for different variables (n=575 for all dietary pattern scores). See
Figure 1 for detailed reasons of being excluded from analysis.



Table 2 Long-term adherence to dietary patterns from youth to adulthood with midlife cognitive function components

Abbreviations: PAL, Paired Associates Learning test; SWM, Spatial Working Memory test; RTI, Reaction Time test; RVP, Rapid Visual Information test; CI,
confidence interval.
Bold denotes p<0.05.
a Beta coefficient represents one SD change in cognitive function components for one SD increase in the dietary pattern score; all analyses were adjusted for
age, sex, and youth socioeconomic status, school performance, body mass index, physical activity, smoking, systolic blood pressure, and adulthood systolic
blood pressure, total cholesterol, triglycerides, and physical activity; adulthood dietary pattern was also adjusted when youth dietary pattern was the exposure
of interest, and vice versa.
b p<0.005. c p<0.0001.

Dietary patterns Episodic memory and
associative learning (PAL-

test)

Short-term and spatial working
memory and problem solving

(SWM-test)

Reaction and movement
time (RTI-test)

Visual processing and
sustained attention

(RVP-test)
β (95% CI) a β (95% CI) a β (95% CI) a β (95% CI) a

Long-term
Traditional Finnish -0.062 (-0.142 to 0.018) -0.097 (-0.171 to -0.022) -0.059 (-0.141 to 0.023) -0.064 (-0.140 to 0.012)
High carbohydrate -0.041 (-0.115 to 0.032) -0.006 (-0.074 to 0.062) -0.046 (-0.121 to 0.030) -0.079 (-0.148 to -0.010)
Vegetables and dairy products 0.111 (0.035 to 0.186) b 0.034 (-0.036 to 0.104) 0.022 (-0.055 to 0.100) 0.073 (0.001 to 0.144)
Traditional Finnish and high carbohydrate -0.052 (-0.123 to 0.020) -0.049 (-0.116 to 0.018) -0.044 (-0.117 to 0.030) -0.117 (-0.185 to -0.049) b

Healthy 0.080 (0.001 to 0.158) -0.032 (-0.106 to 0.042) -0.006 (-0.088 to 0.076) -0.054 (-0.131 to 0.022)
Red meat 0.020 (-0.054 to 0.093) -0.018 (-0.087 to 0.051) -0.034 (-0.110 to 0.042) 0.079 (0.007 to 0.150)

Youth
Traditional Finnish -0.067 (-0.149 to 0.016) -0.085 (-0.162 to -0.007) -0.038 (-0.123 to 0.047) -0.055 (-0.134 to 0.024)
High carbohydrate 0.023 (-0.053 to 0.098) 0.065 (-0.004 to 0.135) -0.007 (-0.084 to 0.070) -0.009 (-0.080 to 0.062)
Vegetables and dairy products 0.094 (0.019 to 0.169) -0.003 (-0.074 to 0.068) 0.021 (-0.056 to 0.098) 0.040 (-0.032 to 0.112)
Traditional Finnish and high carbohydrate 0.050 (-0.024 to 0.124) 0.045 (-0.024 to 0.114) -0.031 (-0.107 to 0.045) -0.005 (-0.074 to 0.065)
Healthy 0.110 (0.035 to 0.185) b 0.026 (-0.045 to 0.098) 0.039 (-0.039 to 0.116) 0.001 (-0.073 to 0.074)
Red meat -0.018 (-0.090 to 0.053) -0.068 (-0.136 to 0.0001) -0.052 (-0.128 to 0.024) -0.002 (-0.073 to 0.069)

Adulthood
Traditional Finnish -0.011 (-0.093 to 0.071) -0.037 (-0.113 to 0.039) -0.035 (-0.120 to 0.049) -0.026 (-0.103 to 0.052)
High carbohydrate -0.078 (-0.154 to -0.001) -0.072 (-0.144 to -0.001) -0.055 (-0.133 to 0.023) -0.099 (-0.172 to -0.027)
Vegetables and dairy products 0.049 (-0.026 to 0.125) 0.046 (-0.025 to 0.117) 0.008 (-0.069 to 0.086) 0.053 (-0.018 to 0.125)
Traditional Finnish and high carbohydrate -0.121 (-0.197 to -0.045) b -0.115 (-0.187 to -0.043) b -0.030 (-0.108 to 0.048) -0.161 (-0.234 to -0.089) c

Healthy -0.018 (-0.103 to 0.066) -0.075 (-0.156 to 0.005) -0.054 (-0.141 to 0.034) -0.075 (-0.158 to 0.007)
Red meat 0.046 (-0.030 to 0.122) 0.049 (-0.024 to 0.121) 0.008 (-0.070 to 0.086) 0.104 (0.031 to 0.178)
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Figure legend

Figure 1. Flowchart of study participants. # from a random sample of 50% of the participants in 1980.

* all participants from the orginal cohort were invited.

Figure 2. Beta coefficients for the association of long-term dietary pattern scores quartiles with

cognitive function. Q1 was used as the reference group. All cognitive function components were

standardised. All analyses were adjusted for age, sex, youth body mass index, academic performance,

socioeconomic status, physical activity, smoking, systolic blood pressure, and adulthood systolic

blood pressure, triglycerides, and physical activity.



2

Figure 1. Flowchart of study participants.
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Figure 2. Beta coefficients for the association of long-term dietary pattern scores quartiles with
cognitive function.
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Supplementary Figure 1. The radar chart for the six dietary patterns identified in 1980 and
2011.

Figure legend. The radar chart for the six dietary patterns identified in 1980 and 2011. The

factor loading ranges from -1.0 (centre) to 1.0 (the largest circle), with a difference of 0.2

between the two adjacent circles (see specific values for factor loadings in Supplementary

Tables 1 and 2).
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Method S1. Dietary pattern analysis

All food items were classified into 23 food groups based on similarity and habitual culinary use as

done previously[1]. Exploratory factor analysis was used to identify dietary patterns for each survey

years based on eigenvalues (>1.25) and interpretability of the factors. Three dietary patterns were

identified in 1980 with the largest eigenvalues (>1.4)[2]. For consistency, three dietary patterns with

the largest eigenvalues were retained for all follow-up surveys. Dietary patterns were similar from

1980 to 2001 but had changed by 2007 and then remained similar in 2011. Thus, six different dietary

patterns were retained (three each in 1980/1986/2001 and 2007/2011) to broadly represent the

different patterns identified across the five survey years. Dietary pattern scores for the six dietary

patterns were calculated for all five survey years by summing the intake of food groups with absolute

factor loadings ≥0.2, weighted by the factor loadings of the food groups(12). To avoid the influence of

using different factor loadings on dietary pattern scores for the same dietary pattern, the factor

loadings for the three dietary patterns observed in 1980 and the three dietary patterns observed in

2011 were consistently applied to all survey years. At each time point, dietary pattern scores were

adjusted for total energy intake using the residual method to account for under- or over-reporting and

eliminate the confounding effect of the amount of food consumed[1]. Moreover, energy adjusted

dietary pattern scores were further standardised by survey years to improve comparability across

study years.

Three dietary patterns were identified at baseline (1980) and named, for descriptive purpose, as

‘Traditional Finnish’ (characterised by high consumption of rye, potatoes, butter, milk, coffee and

sausages but low consumption of fruit and berries), ‘High-carbohydrate’ (by high consumption of

wheat, margarine and oils, sugar, milk, beef and eggs) and ‘Vegetables and dairy products’ (by high

consumption of vegetables, fruits, cheese, other dairy products, tea, beef and alcoholic beverages but

low consumption of milk) (Supplementary Table 1). These patterns were similar between 1980 and

2001 (Supplementary Tables 1 and 2). By 2007 the patterns had significantly changed and these

patterns remained stable in 2011: ‘Traditional Finnish and high-carbohydrate’ (characterised by high

wheat, other grain products, rye, potatoes, butter, sausages and sugar; ‘Red meat’ (characterised by
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high consumption of pork, other meats, sausages, eggs, fish, potatoes and alcoholic beverages but low

consumption of tea); ‘Healthy’ (by high consumption of vegetables, legumes and nuts, fruits, fish,

cheese, other dairy products, tea, other meats (i.e., beef, lamb, game, poultry, meat products), eggs)

(Supplementary Tables 1 and 2).
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Supplementary Table 1. Rotated factor loadings for six dietary patterns identified based on diet in 1980 and 2011
1980 1980 1980 2011 2011 2011

Food groups Foods included in the group Traditional
Finnish

High-
carbohydrate

Vegetables and
dairy products

Traditional Finnish
and high-carbohydrate

Healthy Red
meat

Rye Rye bread, rye porridge 0.68 -0.01 0.14 0.51 0.07 -0.13
Wheat Wheat bread, pasta 0.14 0.62 -0.02 0.78 -0.06 0.10
Other grain products Cereals other than rye and wheat, breakfast cereals,

biscuits, starch, rice
-0.21 0.28 -0.06 0.86 0.13 0.09

Legumes and nuts Peas, beans, other legumes, nuts, seeds, soya
products

-0.03 0.10 0.04 -0.01 0.72 0.09

Potatoes Potatoes, potato products 0.54 0.27 0.01 0.54 0.00 0.38
Root vegetables Root vegetables 0.12 -0.13 0.33 0.11 0.73 0.03
Other vegetables Leaf vegetables, onions, cabbages, tomatoes,

cucumbers, canned vegetables, mushrooms
-0.01 0.18 0.54 -0.00 0.75 0.04

Fruit and berries Fresh fruits, canned fruits, berries, fruit and berry
juices

-0.32 0.21 0.20 0.33 0.39 -0.13

Margarine and oils Soft margarine, low-fat spreads, oil -0.02 0.68 0.15 0.42 0.18 0.15
Butter Butter, butter-oil spreads, lard 0.71 -0.02 -0.09 0.53 0.04 0.19
Milk Milk 0.36 0.40 -0.40 0.35 -0.12 0.21
Cheese Cheese 0.19 0.17 0.53 0.18 0.35 0.03
Other dairy products Cream, sour milk products, yoghurt ice cream -0.13 -0.10 0.53 0.28 0.26 -0.19
Pork Pork 0.05 0.11 0.06 0.31 0.09 0.66
Other meat Beef, lamb, game, poultry, meat products 0.14 0.36 0.23 0.25 0.26 0.52
Sausages Sausages, frankfurters 0.35 0.16 -0.03 0.41 -0.19 0.49
Offal Liver, kidney, other offal 0.03 0.09 -0.01 0.07 0.08 0.46
Fish Fish, shellfish, fish products 0.02 0.13 0.03 0.03 0.42 0.31
Eggs Eggs -0.01 0.45 0.08 -0.05 0.22 0.54
Coffee Coffee 0.46 0.09 0.02 0.18 -0.19 0.29
Tea Tea 0.10 0.12 0.26 0.02 0.32 -0.28
Alcoholic beverages Alcoholic beverages 0.16 0.01 0.33 -0.08 -0.12 0.46
Sugar Sugar, syrup, sweets, chocolate -0.02 0.51 -0.16 0.42 0.01 -0.14
Variance (%) 8.7 8.7 6.5 14.1 10.9 9.9

Bold denotes an absolute value of larger than 0.2, which was included in the calculation of dietary pattern score.
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Supplementary Table 2. Rotated factor loadings for the three dietary patterns identified based on diet in 1986, 2001 and 2007
1986 1986 1986 2001 2001 2001 2007 2007 2007

Food groups Traditional
Finnish

High-
carbohydrate

Vegetables
and red
meat

Traditional
Finnish

High-
carbohydrate

Vegetables and
dairy products

Traditional Finnish and
High-carbohydrate

Red meat Healthy

Rye 0.49 0.05 0.16 0.53 0.29 0.25 0.37 -0.16 0.13
Wheat 0.14 0.66 -0.04 -0.17 0.68 -0.13 0.84 0.04 -0.02
Other grain products -0.03 -0.04 -0.04 0.23 0.78 0.12 0.84 0.06 0.22
Legumes and nuts -0.12 0.16 -0.06 -0.41 0.18 0.02 0.00 0.09 0.63
Potatoes 0.30 -0.08 0.69 0.30 0.16 -0.24 0.54 0.34 0.09
Root vegetables -0.15 -0.09 0.63 0.13 0.03 0.47 0.11 -0.01 0.74
Other vegetables -0.16 0.27 0.37 -0.46 0.32 0.17 0.10 0.02 0.75
Fruit and berries -0.25 0.18 0.08 -0.10 0.13 0.32 0.29 -0.20 0.50
Margarine and oils -0.29 0.47 0.20 0.33 0.35 -0.04 0.52 0.17 0.13
Butter 0.77 0.15 0.02 -0.05 0.51 -0.11 0.68 0.11 0.08
Milk 0.60 -0.19 0.08 0.48 0.25 -0.22 0.34 0.14 -0.17
Cheese 0.04 0.44 0.14 -0.21 0.33 0.07 0.28 -0.03 0.15
Other dairy products 0.00 -0.08 0.00 -0.07 0.04 0.31 0.29 -0.21 0.22
Pork -0.02 0.22 0.60 0.20 0.27 -0.11 0.46 0.57 0.22
Other meat 0.10 -0.13 0.26 -0.09 0.16 -0.18 0.39 0.39 0.26
Sausages 0.26 0.24 -0.03 0.32 0.27 -0.31 0.41 0.47 -0.14
Offal 0.07 0.20 -0.01 -0.07 0.03 -0.06 0.13 0.23 0.13
Fish -0.01 -0.02 0.03 -0.22 0.12 0.05 0.17 0.33 0.46
Eggs 0.19 0.47 -0.18 -0.10 0.34 -0.08 0.37 0.37 0.21
Coffee 0.34 0.10 0.03 0.16 0.09 -0.56 0.09 0.40 -0.21
Tea -0.10 0.36 0.04 0.00 0.07 0.66 0.09 -0.44 0.25
Alcoholic beverages -0.07 0.01 0.10 -0.33 0.02 -0.36 -0.07 0.56 -0.03
Sugar 0.13 0.19 0.00 -0.08 0.32 0.16 0.56 -0.11 -0.03
Variance (%) 7.8 7.1 6.9 6.9 10.1 7.5 17.4 8.6 10.7

Bold denotes an absolute value of larger than 0.2, which was included in the calculation of dietary pattern score.
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Supplementary Table 3. Long-term and adulthood dietary pattern scores with episodic
memory and associative learning (PAL-test) and reaction and movement time (RTI-test) by
baseline age groups

Long-term dietary patterns
Traditional Finnish pattern

RTI-test Age (years) N β (95% confidence interval) P for interaction
3-6 192 0.111 (-0.068 to 0.290) 0.040
9-12 275 -0.076 (-0.200 to 0.048)
15-18 256 -0.149 (-0.294 to -0.006)

Vegetables and dairy products
PAL-test Age (years) N β (95% confidence interval) P for interaction

3-6 193 -0.020 (-0.207 to 0.167) 0.029
9-12 279 0.070 (-0.051 to 0.191)
15-18 260 0.186 (0.073 to 0.300)

Healthy
PAL-test Age (years) N β (95% confidence interval) P for interaction

3-6 193 -0.011 (-0.183 to 0.162) 0.043
9-12 279 0.049 (-0.087 to 0.185)
15-18 260 0.140 (0.018 to 0.262)

Red meat
PAL-test Age (years) N β (95% confidence interval) P for interaction

3-6 193 0.171 (-0.023 to 0.364) 0.022
9-12 279 0.050 (-0.077 to 0.176)
15-18 260 -0.042 (-0.146 to 0.063)

Adulthood dietary patterns
Traditional Finnish pattern

PAL-test Age (years) N β (95% confidence interval) P for interaction
3-6 193 0.096 (-0.061 to 0.254) 0.024
9-12 279 -0.031 (-0.168 to 0.106)
15-18 260 -0.109 (-0.260 to 0.043)

Red meat
PAL-test Age (years) N β (95% confidence interval) P for interaction

3-6 193 0.162 (0.008 to 0.316) 0.028
9-12 279 0.006 (-0.115 to 0.128)
15-18 260 -0.002 (-0.142 to 0.138)

Bold denotes p<0.05.

Adjusted for age, sex, youth body mass index, school performance, socioeconomic status,
physical activity, smoking, systolic blood pressure, and adulthood systolic blood pressure,
total cholesterol, triglycerides, and physical activity; further adjusted for youth dietary pattern
score when adulthood dietary pattern was the exposure of interest.
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Supplementary Table 4. Long-term and adulthood ‘vegetables and dairy products’ pattern
score with visual processing and sustained attention (RVP-test) and episodic memory and
associative learning (PAL-test) by sex

Long-term dietary pattern
Vegetables and dairy products

RVP-test Sex N β (95% confidence interval) P for interaction
Females 433 0.0001 (-0.102 to 0.102) 0.045
Males 335 0.134 (0.037 to 0.232)

Adulthood dietary patterns
Vegetables and dairy products

RVP-test Sex N β (95% confidence interval) P for interaction
Females 433 -0.024 (-0.138 to 0.089) 0.036
Males 335 0.109 (0.013 to 0.204)

Vegetables and dairy products
PAL-test Sex N β (95% confidence interval) P for interaction

Females 433 -0.050 (-0.175 to 0.075) 0.043
Males 335 0.124 (0.027 to 0.221)

Bold denotes p<0.05.

Adjusted for age, youth body mass index, school performance, socioeconomic status,
physical activity, smoking, systolic blood pressure, and adulthood systolic blood pressure,
total cholesterol, triglycerides, and physical activity; further adjusted for youth dietary pattern
score when adulthood dietary pattern was the exposure of interest.


