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SUMMARY

Dietary habits are critical for the prevention and management of physical and mental disorders and may also

be influenced by genetic factors for educational attainment (EA) and cognitions. This study examined the ef-

fects of polygenic scores (PGSs) associated with EA and cognitions on current dietary consumption among

older patients with lifestyle-related diseases. Dietary habits were assessed across eight categories in 730

older adult outpatients diagnosed with or suspected of having lifestyle-related diseases. Six PGSs associ-

ated with EA and cognitions were calculated using large-scale genome-wide association study (GWAS) data-

sets, and their correlations with dietary consumption patterns were investigated. Higher PGSs associated

with EA and cognitions were commonly correlated with increased consumption of fruits. Moreover, we found

positive genetic correlations between fruit consumption with EA and cognitive functions in an independent

cohort. Our findings suggest that genetic factors related to educational and cognitive phenotypes may shape

dietary habits that promote physical and mental health and longevity.

INTRODUCTION

Diet is one of the most extensively studied aspects of human

behavior, given its crucial impact on human well-being. The qual-

ity, quantity, and patterns of food consumption are associated

with a broad spectrum of medical conditions, including meta-

bolic, inflammatory, or mental disorders, as well as being influ-

enced by environmental factors, such as socioeconomic status

(SES).1–3 The complex interaction between genetic factors and

lifestyle choices, notably dietary habits, has captured the atten-

tion of contemporary research in genetics and nutritional sci-

ence.4,5 These studies are founded on the principle that although

environmental factors significantly shape dietary habits, an indi-

vidual’s genetic composition also plays a critical role in these

choices.6 The development of polygenic scores has become a

key instrument in elucidating how a multitude of genetic factors

can cumulatively influence a wide range of human behaviors and

factors, including educational attainment (EA), cognitive abilities,

and even dietary preferences.7 While traditional genome-wide

association studies (GWASs) focus on identifying genetic vari-

ants associated with a single phenotype, polygenic score anal-

ysis enables the examination of whether the genetic predisposi-

tion for one trait (e.g., EA or cognitive functions) is associated

with a related but distinct outcome, such as dietary habits.8

EA and cognitive functions are complex traits influenced by the

relationships among numerous genetic and environmental fac-

tors, with heritability estimates of approximately 40% for EA and

50% for cognitive functions.9,10 Findings from previous large-

scale GWASs (n = 12,441–1,131,881) focusing on childhood intel-

ligence quotient (IQ),11 EA,12,13 cognitive performance,13 general

cognitive ability,14 and intelligence15 have revealed multiple ge-

netic variants linked to education and cognition, highlighting the

polygenic nature of these traits. EA and cognitive functions are

crucial determinants of both physical and mental health out-

comes.16–18 Additionally, both EA and cognitive functions are

genetically correlated with the risk of physical diseases and

several mental disorders.19 Similarly, dietary habits have been

identified as key determinants of physical and mental health out-

comes,20,21 particularly in elderly individuals, where nutrition plays

a critical role in managing and preventing these conditions. How-

ever, the influence of genetic factors related to educational and

cognitive phenotypes on dietary choices has been relatively
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underexplored.20 Given the observed associations of EA and

cognitive functions and dietary habits with physical diseases

and several mental disorders and considering the genetic influ-

ences of EA and cognitive functions, we hypothesized that poly-

genic scores associated with EA and cognitive functions would in-

fluence specific dietary behaviors, such as increased fruit and

vegetable consumption and decreased intake of meats.

In this study, we focused on a cohort of 730 older adult outpa-

tients with common lifestyle-related diseases (Table 1). By not

limiting our analysis exclusively to individuals with specific phys-

ical diseases and mental disorders or healthy individuals, we

aimed to ensure the generalizability of our findings across a

broader spectrum of the older population. We investigated the

effects of polygenic scores associated with EA and cognitive

functions based on six large-scale GWAS datasets on the cur-

rent consumption of eight specific dietary items in older patients.

To capture cognitive-related genetic influences across the life

span, we included polygenic scores derived from GWASs of

both childhood and adult cognitive traits and examined their

respective associations with current dietary consumption.

RESULTS

Effects of polygenic scores associated with EA and

cognitive functions on eight types of current dietary

consumption

We investigated the impacts of six polygenic scores associated

with EA and cognitive functions, childhood IQ, EA2016, EA2018,

cognitive performance, general cognitive ability, and intelli-

gence, on the frequencies of eight specific types of dietary con-

sumption at varying PT levels (Figure 1 and Table S3). Notably,

fruit consumption frequency was commonly influenced by poly-

genic scores associated with EA2018 (maximum at PT < 0.05:

R2 = 0.0072, p = 0.010), EA2016 (maximum at PT < 0.01: R2 =

0.0156, p = 2.89 × 10− 4), cognitive performance (maximum at

PT < 0.01: R2 = 0.0080, p = 7.31 × 10− 3), general cognitive ability

(maximum at PT < 0.05: R2 = 0.0045, p = 0.034), and intelligence

(maximum at PT ≤ 1: R2 = 0.0097, p = 3.49 × 10− 3), except for

polygenic scores associated with childhood IQ (p > 0.05). Higher

polygenic scores associated with EA and intelligence signifi-

cantly correlated with increased fruit consumption (Figure 2).

Even after adjusting for current disease status (cancer, hyperten-

sion, or diabetes mellitus), the associations between polygenic

scores related to EA and intelligence and fruit consumption re-

mained significant (Table S4).

Furthermore, polygenic scores associated with childhood IQ

were marginally positively correlated with soybean intake fre-

quency (maximum at PT < 0.5: R2 = 0.0044, p = 0.037), and poly-

genic scores associated with cognitive performance were

marginally positively correlated with miso soup consumption

frequency (maximum at PT < 0.1: R2 = 0.0059, p = 0.022). The poly-

genic scores associated with intelligence were marginally posi-

tively correlated with light-colored vegetable consumption freq-

uency (maximum at PT ≤ 1: R2 = 0.0059, p = 0.018). Conversely,

polygenic scores associated with general cognitive ability and in-

telligence showed marginally negative correlations with meat

intake frequency (general cognitive ability, maximum at

PT < 0.01: R2 = 0.0078, p = 9.61 × 10− 3; intelligence, maximum

at PT < 0.01: R2 = 0.0042, p = 0.044). No significant correlations

were detected between these polygenic scores and the intake fre-

quencies of Japanese tea, green vegetables, or pickles (p > 0.05).

Genetic correlations between fruit consumption and EA

and cognitive functions

Based on the impacts of polygenic scores associated with EA

and cognitive functions on fruit consumption in our participants,

we further explored genetic correlations between fruit consump-

tion from GWASs in independent UK Biobank (UKBB) partici-

pants (https://www.ebi.ac.uk/gwas/)20 and six GWASs of

educational and cognitive phenotypes using linkage disequilib-

rium score regression analyses (Figure 3). All the educational

and cognitive phenotypes were genetically positively correlated

with fruit consumption (Figure 3; rg values ranging from 0.18 for

cognitive performance to 0.46 for EA 2016 and EA 2018; all

p < 6.25 × 10− 3).

DISCUSSION

This study is the first to investigate whether polygenic scores

associated with EA and cognitive functions influence current

Table 1. Demographic information of 730 older adult participants

with any lifestyle-related diseases

Variable Participants (n = 730)

Age (years) 72.6 ± 6.5 (60–93)

Sex (male/female) 529/201

Height (cm) 158.7 ± 8.8 (130–185)

Weight (kg) 57.0 ± 10.0 (30–101)

Body mass index 22.6 ± 3.2 (13.8–35.4)

Smoker (current/past/never) 141/360/229

Alcohol drinker (current/past/never) 303/108/318

Current cancer (yes/no/unknown) 71/633/26

Current diabetes mellitus

(yes/suspected/no/unknown)

128/16/571/15

Current hypertension (yes/no/unknown) 282/422/26

Past cancer (yes/no/unknown) 99/623/8

Past diabetes mellitus

(yes/suspected/no/unknown)

8/14/700/8

Past hypertension (yes/no/unknown) 41/680/9

Current dietary habits

Miso soup (0–5 scale) 4.3 ± 1.3 (0–5)

Japanese tea (0–5 scale) 4.8 ± 0.8 (0–5)

Green and yellow vegetables (0–5 scale) 4.5 ± 0.9 (1–5)

Light-colored vegetables (0–5 scale) 4.6 ± 0.9 (0–5)

Fruits (0–5 scale) 3.8 ± 1.5 (0–5)

Pickles (0–5 scale) 3.4 ± 1.9 (0–5)

Meats (0–5 scale) 2.4 ± 1.1 (0–5)

Soybeans (0–5 scale) 4.3 ± 1.1 (0–5)

Complete demographic information was not obtained for all the partici-

pants (height, n = 729; weight, n = 727; body mass index, n = 726; alcohol

drinker, n = 729; light-colored vegetables, n = 729; fruits, n = 727; pickles,

n = 728; meats, n = 729). The means ± SD (range) are shown.
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specific dietary consumption in older patients diagnosed with or

suspected of having lifestyle-related diseases. Higher polygenic

scores associated with EA and cognitive functions, with the

exception of childhood IQ, are commonly associated with

increased fruit consumption in older patients. Among other types

of dietary consumption, higher intakes of soybeans, miso soup,

and light-colored vegetables and lower meat intake frequencies

were marginally influenced by polygenic scores associated with

cognitive functions. Furthermore, positive genetic correlations of

fruit consumption in independent UKBB individuals with all six

educational and cognitive phenotypes were revealed. These

findings indicate that greater fruit intake may be affected by ge-

netic factors related to EA and cognitive functions, such as phys-

ical and mental disorders,19 in older patients with lifestyle-related

diseases as well as in the general population.

Generally, consuming fruits offers numerous health benefits.

As they are rich in vitamins, minerals, dietary fiber, and antioxi-

dants, these nutrients support immune function, reduce the

risk of several diseases, enhance digestive health, and may

play a role in alleviating mental disorders, thus contributing to

overall well-being.22–26 Consequently, individuals with a genetic

predisposition associated with EA and cognitive functions may

adopt behaviors that lead to increased fruit intake for their overall

health and mental well-being via high EA and cognitive functions.

This tendency not only highlights the potential role of genetic fac-

tors for EA and cognitive functions in shaping dietary habits that

promote physical and mental health and longevity but also sug-

gests that such dietary preferences might be associated with a

lower risk of physical and mental disorders.

In older patients who were diagnosed with or suspected of

having lifestyle-related diseases, such as cancer, diabetes mel-

litus, and hypertension, we observed positive correlations be-

tween fruit consumption and polygenic scores associated with

EA and cognitive function. These current dietary habits may

have been established earlier in life, while their current dietary

habits might have been modified upon the diagnosis of life-

style-related diseases. Among the eight dietary items examined,

healthier dietary patterns were noted, including higher intakes of

Japanese tea, green and yellow vegetables, light-colored vege-

tables, and soybeans and lower meat consumption. Thus, if di-

etary habits change after the onset of lifestyle-related diseases,

dietary items other than fruits could also be influenced by these

Figure 1. Effects of polygenic scores associated with childhood IQ, EA, cognitive performance, general cognitive ability, and intelligence at

different PT levels on eight current dietary consumptions in older patients with any lifestyle-related diseases

EA, educational attainment. *p < 0.05, **p < 0.01, ***p < 6.25 × 10− 3.
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polygenic scores. Considering the genetic correlations between

fruit consumption in independent UKBB participants and educa-

tional and cognitive phenotypes, our findings suggest that die-

tary habits related to fruit intake are more sensitive to genetic

factors associated with EA and cognitive functions throughout

life, at least before the onset of lifestyle-related diseases.

For the prevention and management of patients with lifestyle-

related diseases, such as cancer, diabetes mellitus, and

hypertension, fruit intake can offer several benefits, including

essential vitamins, minerals, antioxidants, and dietary fiber.

These nutrients support overall health, aid in disease preven-

tion and management, and potentially reduce disease risk fac-

tors.27,28 However, fruit intake must be carefully managed,

especially in individuals with diabetes, due to its natural sugar

content, which can impact blood glucose levels.29 Additionally,

for individuals with certain cancers or who are receiving spe-

cific treatments, high fiber intake from fruits may cause diges-

tive discomfort.30 Therefore, while fruits are recommended as

part of dietary therapy for these diseases, their consumption

should be personalized to individual nutritional needs and

health conditions.

Bidirectional causal associations between EA and fruit con-

sumption have been revealed.20 A relatively high EA significantly

Figure 2. Correlations between polygenic

scores associated with EA and intelligence

and the frequency of fruit consumption

The polygenic scores corrected for the cohort

were Z standardized. Dietary consumption was

corrected for age and sex. EA, educational

attainment.

led to increased fruit intake, whereas

relatively high fruit consumption, conv-

ersely, nominally led to increased EA.20

These causal associations between EA

and food intake are complex, as EA is

partially positively correlated with SES, i.

e., higher incomes or occupational

choice.16,31 Therefore, SES might impact the associations be-

tween EA and fruit consumption. In contrast, few studies have

investigated possible causal associations between cognitive

functions and fruit consumption. Future investigations should

address how the bidirectional causal associations between EA

and cognitive functions and fruit consumption change when

SES is considered.

In conclusion, we investigated the complex relationships be-

tween genetic factors for educational and cognitive phenotypes

and current dietary habits among older adults with lifestyle-

related diseases. We revealed significant influences of polygenic

scores associated with EA and cognitive functions on specific di-

etary behaviors, notably increased consumption of fruits, in pa-

tients and positive genetic correlations of fruit intake with EA

and cognitive functions in independent individuals in the general

population, suggesting that genetic factors related to educa-

tional and cognitive phenotypes influence dietary choices

throughout life. Our findings may contribute to the growing field

of nutritional genetics and highlight the potential for personalized

dietary recommendations based on genetic factors to prevent

and manage physical and mental disorders.

Limitations of the study

There are several limitations in the interpretation of our findings.

We did not detect significant correlations between polygenic

scores associated with childhood IQ and fruit consumption in

our participants. The efficacy of polygenic score analysis de-

pends on the sample size of the discovery GWAS; therefore,

the relatively small sample size of the GWAS for childhood IQ

(Table 2) might have affected our results. Our questionnaire

does not comprehensively cover all dietary habits, as it does

not include some items, such as grains, rice, fish, eggs, milk, cof-

fee, and snacks. While we have accounted for genetic factors

and dietary behaviors, other confounding factors, such as

SES, lifestyle choices, physical activity levels, and unmeasured

environmental influences, may also play important roles in these

associations but were not fully explored in the current study. Our

cohort, comprising older adult outpatients with lifestyle-related

diseases, may not accurately represent the general population,

potentially limiting the generalizability of our results. We did not

directly assess EA or cognitive functions in our participants.

In particular, direct assessments of EA, cognitive performance

Figure 3. Genetic correlations (rg) of fruit consumption with EA and

cognitive functions in the general population

A positive rg indicates that higher consumption of fruits was genetically

correlated with higher EA and cognitive functions. The error bars represent the

standard error.

4 iScience 28, 113530, October 17, 2025

iScience
Article

ll
OPEN ACCESS



(e.g., IQ tests), and functional outcomes (e.g., activities of daily

living) were not available, preventing validation of polygenic

scores against actual cognitive or behavioral phenotypes in

this cohort. Future research should aim to overcome these limi-

tations by incorporating longitudinal study designs, a broader

range of confounding variables, and more diverse populations

to better elucidate the complex relationships between genetic

factors for human behaviors and dietary habits.
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STAR★METHODS

KEY RESOURCES TABLE

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Target participants

A total of 730 older adult outpatients aged 60 years and above were recruited at the Department of Clinical Laboratories, Iwata City

Hospital, Shizuoka, Japan. These individuals visited for blood sampling during the recruitment period from 2003 to 200833–36

(Table 1). The participants were primarily diagnosed with or suspected of having lifestyle-related diseases, such as cancer, diabetes

mellitus, and hypertension. All the participants were unrelated, genetically homogeneous Japanese individuals, predominantly

residing in the Tokai region of Japan. The eligibility criteria included being over 60 years of age, ambulatory, and capable of verbal

communication. We did not assess current or past contact with psychiatric services or the use of psychiatric medication at recruit-

ment. Written informed consent was obtained from all subjects. We assert that all procedures contributing to this work comply with

the ethical standards of the relevant national and institutional committees on human experimentation and with the Helsinki Declara-

tion of 1975, as revised in 2008. All procedures involving human subjects/patients were approved by the Institutional Review Boards

of Iwata City Hospital and Hamamatsu University School of Medicine (21-8), Gifu University (2019-233), and Tokyo Institute of Psy-

chiatry (now known as Tokyo Metropolitan Institute of Medical Science) (20-23(1)).

METHOD DETAILS

Current specific dietary consumption

The eight specific types of dietary consumption were evaluated using a questionnaire.33,34 The questionnaire covered eight dietary

items, including (i) miso soup, (ii) Japanese tea, (iii) green and yellow vegetables, (iv) light-colored vegetables, (v) fruits, (vi) pickles, (vii)

meats, and (viii) soybeans. Responses were recorded on a 6-point scale: 0 (rarely); 1 (1–3 days a month); 2 (1–2 days a week); 3 (3–

4 days a week); 4 (5–6 days a week); and 5 (daily) consumption. The correlations among these dietary habits were relatively weak

(r<0.35), except for a moderate correlation between green and yellow vegetable consumption and light-colored vegetable consump-

tion (r=0.63).36 Furthermore, to explore the potential influence of clinical status on dietary behaviors, we examined differences in di-

etary consumption between participants with and without current diagnoses of cancer, hypertension, and diabetes mellitus

(Table S1). No significant differences in dietary habits were observed between groups, except for increased intake of green and yel-

low vegetables among participants with cancer (p=0.022) and reduced consumption of miso soup (p=0.042) and soybeans

(p=0.0022) among those with hypertension, suggesting that current disease status may not have a substantial impact on overall di-

etary behaviors in our cohort.

Genotyping and quality control

A comprehensive overview of the genotyping and quality control (QC) methods used in the study has been provided previously.35

Briefly, peripheral venous blood samples were collected for DNA extraction. The participants were genotyped using two types of

REAGENT or RESOURCE SOURCE IDENTIFIER

Biological samples

Human peripheral blood samples

(for genotyping)

This paper N/A

Critical commercial assays

HumanCytoSNP v2.0 BeadChip Illumina Cat#WG-320-2101

HumanCoreExome v1.0 BeadChip Illumina Cat#WG-331-1001

Deposited data

GWAS summary statistics for

EA and cognitive functions

Lee et al.,13 Savage et al.,15

Davies et al.,12,14 Benyamin et al.11

See ref.11–15

Software and algorithms

PLINK v1.9 Purcell et al.7 https://www.cog-genomics.org/plink/

IBM SPSS Statistics 28.0 IBM Japan https://www.ibm.com/products/

spss-statistics

LDSC (LD Score Regression) Bulik-Sullivan et al.32 https://github.com/bulik/ldsc
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whole-genome genotyping arrays: the HumanCytoSNP v2.0 BeadChip (n=300) or the HumanCoreExome v1.0 BeadChip (n=430) (Il-

lumina, San Diego, CA, USA). During the QC process, samples with a genotype call rate of less than 0.95 and single-nucleotide poly-

morphisms (SNPs) with a genotype call frequency of less than 0.95 or a ‘cluster sep’ (an index of genotype cluster separation) of less

than 0.1 were excluded.35 After this process, a total of 225,602 SNPs for HumanCytoSNP and 256,997 SNPs for HumanCoreExome

were retained.35,36

Polygenic score calculations

The polygenic scores for our target patients were calculated from six large-scale GWASs, focusing on childhood IQ,11 EA2016,12

EA2018,13 cognitive performance,13 general cognitive ability,14 and intelligence.15 To identify relevant SNPs, along with their p values

and effect sizes (beta) related to EA and cognitive functions, we utilized six publicly available GWAS datasets as discovery sam-

ples.12–15 SNPs in linkage disequilibrium (LD) within our target patients were pruned using PLINK v1.9, applying a pairwise r2

threshold of 0.25 and a window size of 200 SNPs. Following this pruning process and the exclusion of SNPs located on sex and mito-

chondrial chromosomes, 72,223 independent SNPs for HumanCytoSNP and 68,313 independent SNPs for HumanCoreExome were

retained. We calculated polygenic scores associated with each EA and cognitive function at varying levels of significance within the

discovery GWAS datasets, with the following PT cutoff values: PT<0.01, PT<0.05, PT<0.1, PT<0.2, PT<0.5, and PT≤1. For each target

patient, the polygenic score was computed by summing the product of the relevant alleles (0, 1, or 2) multiplied by the effect size

across all SNPs in the PT-SNP sets. The number of SNPs used for each phenotype at each PT threshold, stratified by genotyping

array, is shown in Table S2.

QUANTIFICATION AND STATISTICAL ANALYSIS

Statistical analyses were performed using IBM SPSS Statistics 28.0 software (IBM Japan, Tokyo, Japan). To assess the correlations

between the polygenic scores related to educational and cognitive phenotypes at each PT and the current dietary consumption of our

patients, linear regression was used with current dietary intake as the dependent variable; polygenic scores related to educational

and cognitive phenotypes as the independent variables; and age, sex, and array type as covariates. The adjusted R2 value indicates

the proportion of variance in current dietary consumption explained by the polygenic scores. To isolate the variance specifically

attributable to the polygenic scores, we subtracted the adjusted R2 value for the covariates alone (age, sex, and array type) from

that of the full models. Genetic SNP correlations (rg) from GWASs were estimated using LDSC analysis.32,37–42 The nominal signif-

icance level was set at p < 0.05. Although polygenic scores at each PT were highly correlated and not independent, p values derived

from different PT values were not adjusted for multiple comparisons. To mitigate type I errors, we applied a Bonferroni correction,

setting a p value threshold of p < 6.25×10-3 (α=0.05/eight current dietary consumption).
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