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Abstract
Background Evidence indicates that cognitive function is influenced by potential environmental factors. We aimed 
to determine the variables influencing cognitive function.

Methods Our study included 164,463 non-demented adults (89,644 [54.51%] female; mean [SD] age, 56.69 [8.14] 
years) from the UK Biobank who completed four cognitive assessments at baseline. 364 variables were finally 
extracted for analysis through a rigorous screening process. We performed univariate analyses to identify variables 
significantly associated with each cognitive function in two equal-sized split discovery and replication datasets. 
Subsequently, the identified variables in univariate analyses were further assessed in a multivariable model. 
Additionally, for the variables identified in multivariable model, we explored the associations with longitudinal 
cognitive decline. Moreover, one- and two- sample Mendelian randomization (MR) analyses were conducted to 
confirm the genetic associations. Finally, the quality of the pooled evidence for the associations between variables 
and cognitive function was evaluated.

Results 252 variables (69%) exhibited significant associations with at least one cognitive function in the discovery 
dataset. Of these, 231 (92%) were successfully replicated. Subsequently, our multivariable analyses identified 
41 variables that were significantly associated with at least one cognitive function, spanning categories such as 
education, socioeconomic status, lifestyle factors, body measurements, mental health, medical conditions, early life 
factors, and household characteristics. Among these 41 variables, 12 were associated with more than one cognitive 
domain, and were further identified in all subgroup analyses. And LASSO, rigde, and principal component analysis 
indicated the robustness of the primary results. Moreover, among these 41 variables, 12 were significantly associated 
with a longitudinal cognitive decline. Furthermore, 22 were supported by one-sample MR analysis, and 5 were further 
confirmed by two-sample MR analysis. Additionally, the quality of the pooled evidence for the associations between 
10 variables and cognitive function was rated as high. Based on these 10 identified variables, adopting a more 
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Introduction
Cognitive function encompasses a spectrum of abilities, 
including memory, attention, processing speed, spatial 
orientation, language, and problem-solving. These cogni-
tive faculties are essential for maintaining independence 
and enhancing overall quality of life [1]. Both genetic [2, 
3] and environmental [4, 5] variables exert a substantial 
influence on cognitive function. Notably, the rising global 
incidence of dementia—currently affecting over 55  mil-
lion individuals and projected to reach 131  million by 
2050—underscores the imperative to identify potentially 
modifiable lifestyle factors to formulate effective preven-
tion strategies [6]. Unraveling the complex interactions 
among various variables and cognitive competencies is 
fundamental for developing interventions designed to 
enhance cognitive performance and prevent cognitive 
decline and dementia [7–9].

Previous hypothesis-driven research has identified 
some risk factors linked to cognition [4, 10, 11]. Livings-
ton et al. recently reported 14 modifiable risk factors that 
could potentially prevent up to 45% of dementia cases, 
adding two new risks to the previously identified 12 risks 
reported in 2020 [5, 6]. However, there are still unidenti-
fied numerous variables associated with cognitive func-
tion. In addition, hypothesis testing is essential and has 
significantly advanced our understanding of the environ-
mental epidemiology of cognitive function. Nonetheless, 
it is important to recognize several limitations inher-
ent to this approach. Single-exposure analysis failed to 
embrace the multiplicity and co-occurrence of exposures, 
which can result in biased effect sizes and type I errors 
[12]. Besides, this approach may lead to selection bias 
and publication bias [13], thereby potentially underesti-
mating the significance of certain factors within single-
exposure analyses. Therefore, systematic and agnostic 
approaches are required to identify genuine signals. The 
exposome-wide association study (EWAS) is a hypoth-
esis-free strategy to systematically and agnostically 
explore the association between multiple exposures and 
a single outcome [12]. By simultaneously exploring mul-
tiple exposures, EWAS could reduce false-positive rates 
and bias [14]. Furthermore, EWAS can be used to vali-
date previously established risk factors and identify novel 
factors. This approach has been previously applied to 
various outcomes such as HIV, diabetes, depression, and 
psychotic experiences [12, 15–17]. Nevertheless, there 

remains a dearth of systematic research on the influence 
of the exposome on cognitive function.

This study leveraged the UK Biobank dataset to per-
form an EWAS to identify variables significantly asso-
ciated with the four cognitive domains employing 
univariate and multivariate regression analysis in all 
population and specific subgroups. Additionally, LASSO, 
rigde, and principal component analysis (PCA) were 
used to further indicate the robustness of the results. 
Moreover, we examined the associations between vari-
ables and longitudinal cognitive decline. Given the sub-
stantial genetic component of many lifestyle factors, we 
performed Mendelian randomization (MR) analysis to 
explored potential causal relationships [5]. Furthermore, 
we assessed the quality of evidence for identified vari-
ables, and for those with high-quality evidence, we exam-
ined their combined effects on dementia and Alzheimer’s 
disease (AD).

Materials and methods
Study participants
The study population is from the UK Biobank (UKB) 
database, which was initiated between 2006 and 2010 
and recruited over 500,000 individuals at baseline, who 
were subsequently followed up [18]. At assessment cen-
ters, cognitive tests, a wide range of phenotypic, health-
related, and other data were collected. Data on disease 
outcomes were obtained from hospital inpatient admis-
sions, primary care records, and electronic health care 
records. Additionally, blood samples were collected for 
genetic analysis. Written consent was obtained from 
participants. The National Research Ethics Service Com-
mittee North West Multi-Centre Haydock gave ethical 
approval (MREC,  h t t  p s : /  / w w  w .  u k b  i o b a  n k .  a c  . u k / l e a r n 
- m o r e - a b o u t - u k - b i o b a n k / a b o u t - u s / e t h i c s     ) . The current 
analyses were performed under UKB application number 
19,542.

Cognitive function assessments
During the baseline assessment, participants underwent 
four computer-administer cognitive tests. These bespoke 
tests were designed to assess cognitive functions across 
different domains and provide valuable insights into 
aging and pathology within a large population. The brief 
and bespoke 4 cognitive assessments, including fluid 
intelligence test (FI), pairs matching test (PAM), reaction 

favorable lifestyle was significantly associated with 38% and 34% decreased risks of dementia and Alzheimer’s disease 
(AD).

Conclusion Overall, our study constructed an evidence database of variables associated with cognitive function, 
which could contribute to the prevention of cognitive impairment and dementia.
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time test (RT), and prospective memory test (PM), car-
ried out in the UKB correlated moderately-to-strongly 
with well-established, standard cognitive tests, showing 
the reliability [19]. Out of the 164,621 individuals who 
completed all four cognitive tests, 158 participants diag-
nosed with dementia were excluded, resulting in a total 
of 164,463 individuals included in our analysis.

Fluid intelligence test (FI)—a test that evaluates rea-
soning and problem-solving abilities, encompassing both 
fluid and crystal intelligence. It serves as a representative 
measure of general intelligence within this battery. Scores 
range from 0 to 13, with higher numbers indicating bet-
ter performance. The outcome is assessed based on the 
log-transformed total number of correct answers.

Pairs matching test (PAM)—a test focuses on episodic 
memory. The test displays 6 pairs of matching symbol 
cards for 5  s in a random pattern, and requires indi-
viduals to identify as many pairs as possible with cards 
faced down. The outcome evaluation is based on the log-
transformed total number of errors made by individuals 
who completed the test. Higher numbers indicate poorer 
performance.

Reaction time test (RT)—a test assesses processing 
speed. Participants are asked to press a button as soon 
as they see two identical cards in each of the 12 rounds. 
The outcome evaluation is based on the log-transformed 
mean reaction time for correct responses. Higher num-
bers indicate slower performance.

Prospective memory test (PM)—a test focuses on 
event-based prospective memory. Before the test battery, 
participants were informed to touch an Orange Circle, 
when they were shown four coloured shapes and asked 
to touch the Blue Square at the end of the cognitive tests. 
The outcome was incorrect response on the first attempt.

Cognitive decline was assessed in a subset of 16,547 to 
50,287 individuals who participate in a second follow-up 
and were re-evaluated using the same cognitive tests dur-
ing the period around 2014. The mean follow-up period 
was 9.36 years (SD = 2.11, range = 3.17 to 16.01 years). 
Cognitive decline was operationally defined as a deteri-
oration in their FI, PAM, PM test results, or a reaction 
time delayed of at least 100 milliseconds compared to 
baseline measurements [20].

Risk factors
Variables from UKB with more than 20% missing values 
at baseline were excluded, and data from the methodol-
ogy section, of non-environmental factors, and with one 
level were discarded. And for variables with collinearity 
|r| >0.9, we retained the one that is more important for 
cognitive functions, easier to interpret, or had a higher 
degree of accuracy. Finally, 364 variables were obtained, 
of which 258 were dichotomized and 106 were treated as 
continuations removing extreme values and transformed 

into z-scores. Medical disease data defined by Interna-
tional Classification of Diseases (ICD) have been com-
bined appropriately. All variables were subdivided into 
the following categories: (1) Education, (2) Socioeco-
nomic status (SES), (3) Leisure activity, (4) Body mea-
surement index, (5) Mental health, (6) Diet, (7) Sleep, (8) 
Physical activities, (9) Smoke, (10) Alcohol, (11) Sexual 
factors, (12) Early life factors, (13) Household, (14) Sun 
exposure, (15) Medical conditions, (16) Medical dis-
ease, (17) Medical examination, (18) Environments. The 
field IDs in UKB and detailed information of variables 
was supplied in Supplement 1 eFig. 1 and Supplement 2 
eTable 1.

Dementia and AD incidence
The dementia diagnoses were determined using the cor-
responding three-character ICD codes (F00-F03, G30), 
obtained from UKB health outcome datasets, which 
included the first instances of health outcomes (Category 
1712, encompassing hospital records, death registrations 
and primary care data) and algorithmically defined out-
comes (Category 42). Additionally, the diagnoses for AD 
were based on the ICD codes (F00, G30). We selected 
incident dementia cases that occurred after a three-year 
baseline assessment until September 2023 to minimize 
reverse causality.

Statistical analyses
The statistical analyses were conducted using R version 
4.0.4, involving three main steps. Firstly, a comprehensive 
exposome-wide analysis was performed. We used linear 
regression to test the associations of the variables with 
three cognitive domains (fluid intelligence, pairs match-
ing, and reaction time) and used logistic regression to 
explore the associations with prospective memory. At 
first, we randomly divided the data into the discovery 
dataset and the validation dataset [12]. We conducted 
univariate analysis to identify variables which showed 
significant association with cognitive function in both the 
discovery and validation datasets. The Bonferroni cor-
rected P value (P < 1.37 × 10 − 4) was employed for uni-
variate analysis to rigorously control for false positives 
during initial screening stage [12]. For these identified 
variables, multivariate analysis was performed to further 
explore the association with cognitive function, in which 
P values after false discovery rate (FDR) correction less 
than 0.05 were deemed statistically significant, thereby 
reducing false positives while balancing the risk of false 
negatives. All the above analyses were performed for four 
cognitive tests by adjusting for age, gender, and APOE ε4. 
Besides, we performed the above analyses in subgroups 
stratified by age (≥ 60 years or < 60 years), gender (female 
or male), and APOE ε4 carrier status (carriers or non-
carriers), SES (annual average total household income < 
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£18,000 or ≥£18,000), education (college degree or not); 
and to eliminate potential confounding effects due to the 
collinearity of certain factors with comorbidities, we con-
ducted the analyses in a subgroup of healthy individuals 
who were free of diabetes, cardiovascular (coronary heart 
disease, hypertension, disorders of lipoprotein metabo-
lism, heart failure) and cerebrovascular (stroke) condi-
tions, and chronic obstructive pulmonary disease.

Moreover, to reduce the impact of multicollinearity 
on the results, the LASSO [21], ridge regression analysis 
[22], and the PCA [21] were conducted with the adjust-
ment of age, gender, and APOE ε4, which could miti-
gate overfitting arising from collinearity and complexity 
among variables. Varimax orthogonal rotation method 
was performed for PCA. And the scree plot is used to 
determine the number of principal components (PCs) to 
keep with cumulative variance contribution rate > 85%. 
Also, sensitivity analyses were performed by (1) addi-
tionally adjusting for race and different assessment cen-
ters, (2) additionally adjusting for above chronic diseases 
to control for collinearity of certain factors and avoid an 
over selection, and (3) by imputing the missing data with 
random forest approach using the “missRanger” package 
[23], which further validate robustness of the findings.

Furthermore, for the variables significantly associ-
ated with cognitive function in multivariable model, we 
explored the non-linear relationships between continu-
ous variables and cognition using restricted cubic splines 
with four knots [24]; And the longitudinal association 
of the variables with cognitive decline were investigated 
using logistic regression models. All above analyses 
adjusted for age, gender, and APOE ε4. Additionally, we 
conducted a sensitivity analysis by adjusting for varying 
follow-up durations to further validate the association 
with cognitive decline.

Secondly, we conducted MR analyses to further exam-
ine the genetic associations. One-sample MR analyses 
were utilized to investigate the potential links between 
the significant variables identified in the EWAS analyses 
and cognitive function. The MRlap method was used in 
the analyses to address the potential bias arising from 
sample overlap. This method, which has been recently 
developed and proven to be robust, was successful in 
generating estimates using corrected effects [25, 26]. The 
summary statistics of both exposures and cognitive func-
tion tests were obtained from a genome-wide association 
study (GWAS) of population from UKB  (   h t  t p :  / / w w  w .  n e 
a l e l a b . i s / u k - b i o b a n k     ) , with available detailed protocols 
(https:/ /github .com/Ne alel ab/UK_Biobank_GWAS). 
SNPs classified as low confidence variant were excluded 
from the analysis. For the one-sample MR analysis, we 
rigorously selected a P-value threshold of 5.0 × 10 − 8 and 
a linkage disequilibrium (LD) clumping cut-off of 0.001 
for the genetic instruments to minimize false positives. 

Subsequently, variables identified in one-sample analyses 
were subjected to further verification using two-sample 
MR analyses. For the two-sample MR, we used external 
GWAS data of dementia as outcome from FinnGen study 
(https:/ /r8.fin ngen.fi /phe no/F5_DEMENTIA), and we 
opted for a more relaxed P-value threshold of 5 × 10 − 6 
and a LD of 0.01 to enhance statistical power and cap-
ture a broader spectrum of genetic effects [27]. The 
inverse-variance weighted (IVW) method, in conjunc-
tion with weighted median and MR-Egger was utilized 
to produce the odds ratios (OR) and 95% CI. Potential 
heterogeneity and horizontal pleiotropy were assessed by 
IVW Cochran’s Q test, the Egger intercept, and the IVW 
(random-effects model) MR-PRESSO, and leave-one-out 
(LOO) analysis were used to address between variants 
heterogeneity and pleiotropy effect [17, 28].

Thirdly, we assessed the quality of the pooled evidence 
for the associations between identified variables and cog-
nitive function. One score was assigned based on the 
following conditions: (1) to be significantly associated 
with cognitive function in multivariate analysis and have 
same direction of effect in univariate analysis; (2) to be 
significantly associated with more than one cognitive test 
in multivariate analysis; (3) to be significantly associated 
with longitudinal cognitive decline; (4) to have genetic 
association with cognitive function in the one-sample 
MR analysis; (5) to have genetic association with demen-
tia in the two-sample MR analysis. The total score ranged 
from 1 to 5, with scores of 4–5, 2–3, and 1 indicating 
high-quality, medium-quality, and low-quality evidence, 
respectively. To investigate the joint effect of high-quality 
variables on dementia and AD, we computed a combined 
score. Each variable was dichotomized into a binary clas-
sification based on either their original binary status or 
the median value for continue variable. A score of 1 was 
assigned if the variable was deemed beneficial to cogni-
tive function, and a score of 0 otherwise. The compos-
ite score for each individual was subsequently derived 
by summing the scores of all high-quality variables. The 
longitudinal association between the combined score 
and the incidence of dementia and AD in the complete 
population was investigated using Cox proportional haz-
ards models. We assessed the assumption of proportional 
hazards, and all analyses adjusted for age, gender, and 
APOE ε4. P values less than 0.05 were considered statisti-
cally significant.

Results
Identification of variables in exposome-wide analysis
A total of 164,463 participants were included in our 
study, with a female proportion of 54.51% and a mean age 
of 56.69 (SD = 8.14, range = 39–70) years, and 89.60% were 
White ethnicity (eTable 1 in Supplement 1). Our univari-
ate analysis revealed 231 variables that were significantly 

http://www.nealelab.is/uk-biobank
http://www.nealelab.is/uk-biobank
https://github.com/Nealelab/UK_Biobank_GWAS
https://r8.finngen.fi/pheno/F5_DEMENTIA
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associated with at least one cognitive domain as in both 
the discovery and validation datasets (Fig.  1, eData 1–4 
in Supplement 2). Subsequently, we conducted multi-
variate analyses on these 231 variables and found that 46 
variables remained significant (eData 5 in Supplement 
2). Among them, 41 variables showed same direction of 
effect on cognitive functions in univariate and multivari-
ate analyses, spanning categories such as education, SES, 
lifestyle factors, body measurement index, mental health, 
medical conditions, early life factors, and household 

characteristics. (Fig. 2, eFig. 2 in Supplement 1). Among 
the 41 variables identified, 12 were found to be associated 
with multiple cognitive functions. Of these, five variables 
demonstrated significant associations with all four better 
cognitive domains: a college degree education, greater 
right hand grip strength (HGS), more time spent using a 
computer, playing computer games, and drive faster than 
motorway speed limit. Conversely, seven variables were 
significantly associated with at least two poorer cogni-
tive domains: lower household income, reduced peak 

Fig. 1 Overview of analytic design. Analytical procedure to identify variables associated with cognitive function in the UK Biobank. FI, fluid intelligence 
test; PAM, pairs matching test; RT, reaction time test; PM, prospective memory test; PCA, principal component analysis; MR, mendelian randomization
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expiratory flow (PEF), a tendency to be tense or highly-
strung, tea intake, abstaining from sugar or foods/drinks 
containing sugar, the age started to wear glasses or con-
tact lenses, and increased time spent outdoors during 
winter. In stratified analyses, the above 12 variables that 
associated with multiple cognitions in all population, 
were also significantly identified in all subgroups (Fig. 2).

Lasso, and ridge regression analysis produced similar 
results comparing with above multivariate regression 
analysis, and above 12 variables that significantly associ-
ated with multiple cognitions were simultaneously veri-
fied by the two analyses (Fig. 3). Moreover, the exposures 
in total population were merged into 25 PCs, with 4 PCs 
(protective effect: PC1, deleterious effect: PC5, PC12, 
PC20) significantly linked to multiple cognitions, and 
5 PCs (protective effect: PC15, PC18, deleterious effect: 
PC6, PC7, PC16) significantly correlated to FI after FDR 
correction (Table 1). The PC1 was characterized by body 
measurement index, including higher right and left HGS, 

PEF, forced vital capacity (FVC), sitting and standing 
height, basal metabolic rate, impedance of whole body, 
and the rest; the PC5 included more comprehensive vari-
ables including SES, household characteristics, educa-
tion, mouth-related, hearing-related, and eyes-related 
conditions, and the rest; the PC12 was characterized by 
the cardiovascular diseases (CVD) including coronary 
heart disease, hypertension, angina, dyslipidemia, diabe-
tes, and the rest; and the PC20 included leisure activities, 
sun exposure, sexual factors, smoke, alcohol intake, and 
the rest (eFig. 8 in Supplement 1). The primary variables 
identified by above multivariate and LASSO were mostly 
among those present in the significant PCs.

Furthermore, sensitivity analyses were performed by 
incorporating additional adjustments for race and assess-
ment centers (see eFig. 3 in Supplement 1), adjustments 
for chronic disease (see eFig. 4 in Supplement 1), and 
by analyzing the data following missRanger interpola-
tion (see eFig. 5 in Supplement 1). The primary findings 

Fig. 2 Variables significantly associated with cognitive functions in all population and subgroups. Association between variables and cognitive functions 
were explored using multivariate analyses adjusting for age, sex, and APOE ε4 status. The green box represents variable positively associated with bet-
ter cognitive function, while red box represents variable negatively associated with cognitive function. Highlighted variables indicate correlations with 
multiple cognitive tests in all population, and remain significant in all subgroups. †, fluid intelligence test; ‡, pairs matching test; §, reaction time test; ¶, 
prospective memory test. Edu, education; SES, socioeconomic status; Hous, household; Env, environment. NA, the variable that was not examined within 
specific population
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remained consistent with those obtained from the above 
multivariate analysis.

Non-linear associations between continuous variables and 
cognitive functions
We further explored the non-linear relationships 
between 13 continuous variables out of the 41 vari-
ables identified in multivariate analyses and four cogni-
tive domains using restricted cubic splines (RCS) (Fig. 4 
and eFig. 9 in Supplement 1). Our findings indicate a 
rapid enhancement in cognitive function as computer 
usage time approached the median, and then a plateau 
in performance was observed. Notably, several apparent 
inverted J-shaped associations of tea consumption, driv-
ing time and watching TV time with specific cognitive 
domains were revealed; these findings revealed that as 
these variables increased, cognitive performance exhib-
ited an initial enhancement followed by a decline.

Variables associated with longitudinal cognitive decline
Among the 41 variables identified in the multivariate 
analyses, 12 exhibited significant associations with lon-
gitudinal cognitive decline (eFig. 6 in Supplement 1). In 

terms of the longitudinal associations with specific cog-
nitive domains, we identified 3 variables for fluid intelli-
gence (protective effect: right, and left HGS; deleterious 
effect: salt added to food), 2 variables for reaction time 
(protective effect: college degree education; deleteri-
ous effect: napping during day), 9 variables for prospec-
tive memory (protective effect: college degree education, 
higher household income, right HGS, PEF, and steady 
average or brisk pace; deleterious effect: being tense 
or highly-strung, never eat sugar or foods/drinks con-
taining sugar, more time spent outdoors in winter, and 
age started wearing glasses), and no variables for pairs 
matching. In the sensitivity analysis, which included 
adjustments for varying follow-up durations, all previ-
ously identified associations remained significant, with 
the exception of the association between salt added to 
food and fluid intelligence (eFig. 7 in Supplement 1).

Identification of variables in MR analyses
Among the 41 variables identified in multivariate analy-
ses, two variables (education score and employment 
score) had no available genetic data. Thus, we con-
ducted MR analysis on the remaining 39 variables. The 

Fig. 3 Variables significantly associated with cognitive functions through LASSO and ridge regression analysis. Association between variables and cogni-
tive functions were explored using multivariate, LASSO, and ridge regression analysis adjusting for age, sex, and APOE ε4 status. The green box represents 
variable positively associated with better cognitive function, while red box represents variable negatively associated with cognitive function. Highlighted 
variables indicate correlations with multiple cognitive tests in each analytic approach; variables that were significantly validated in LASSO and ridge 
analysis were underlined. FI, fluid intelligence test; PAM, pairs matching test; RT, reaction time test; PM, prospective memory test; Edu, education; SES, 
socioeconomic status; Exam, medical examinations; PA, physical activity; Early, Early life factors; Hous, household; Env, environment; Sun, sun exposure
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heritability (h2) of these variables ranged from 0.01 to 
0.33 (eData 6 in Supplement 2). Firstly, our one-sample 
MR analysis showed that 22 variables were genetically 
associated with cognitive function in the UKB (Fig.  5). 
Among these 22 variables, 7 exhibited causal associations 
with multiple cognitive domains. Subsequently, two-
sample MR analysis further identified the cause effect 
of 5 out of 22 variables on dementia, including college 

degree education (OR = 0.81, p = 0.029, h2 = 0.17), aver-
age total household income > 18,000 (OR = 0.87, p = 0.046, 
h2 = 0.10), time spent using a computer (OR = 0.76, 
p = 0.021, h2 = 0.10), hand grip strength (left) (OR = 0.74, 
p = 0.038, h2 = 0.11), and sitting height (OR = 0.94, 
p = 0.029, h2 = 0.33) (eData 7 in Supplement 2). No evi-
dence of horizontal pleiotropy effect was found (eData 7 
in in Supplement 2).

Fig. 4 Non-linear relationship between continuous variables and cognitive functions. Restricted cubic splines were employed with adjustment of age, 
sex, and APOE ε4 status. Larger estimate of fluid intelligence test, while smaller estimate of pairs matching, reaction time, and prospective memory test 
indicated a better cognitive function
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The combined impact of variables with high-quality 
evidence on dementia and AD
Reliability assessments were performed on 41 identi-
fied variables, showing that 10 variables had high-qual-
ity evidence (Fig.  6A). A combined effect score (0–10 

points) was calculated for these variables in the total 
population, with higher scores indicating a more favor-
able lifestyle (eTable2 in Supplement 1). Using Cox pro-
portional hazards analysis, we conducted a longitudinal 
analysis on a sub-set of 303, 657 UKB participants who 

Fig. 5 Results of one-sample Mendelian randomization. Dots represent odds ratios and lines represent 95% Cis, with values exceeding 1 suggesting a 
positive risk association and values below 1 indicating a protective correlation. FI, fluid intelligence test; PAM, pairs matching test; RT, reaction time test; 
PM, prospective memory test
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provided high-quality evidence for variables, with an 
average follow-up duration of 14.14 years. This subset 
was subsequently categorized into three groups based on 
the tertiles of the scores: unfavorable, intermediate, and 

favorable lifestyles. The results indicated that individuals 
with a favorable lifestyle exhibited significantly reduced 
risks of dementia (HR = 0.62, 0.54–0.71, P < 0.001) and 
AD (HR = 0.66, 0.54–0.82 P < 0.001) (Fig.  6B). Moreover, 

Fig. 6 Reliability assessments and the combined impact on incident dementia and Alzheimer’s disease. Among the 41 variables for multivariate analy-
ses, 10 were rated as high-quality reliability, 13 as moderate-quality reliability, and 18 as low-quality reliability. Utilizing the Cox proportional hazards 
regression model, we investigated the combined effects of the 10 highly reliable variables on dementia and Alzheimer’s disease, after adjusting for age, 
gender, and APOE ε4 status. SES, socioeconomic status; BMI, body measurement index; HGS, hand grip strength; MS, multiple sclerosis; HR, hazard ratio; 
CI, confidence intervals

 



Page 12 of 16Zhao et al. Alzheimer's Research & Therapy           (2025) 17:13 

for each point increase in the score, the risks of develop-
ing dementia and AD decreased by 9% and 10%, respec-
tively (Fig. 6B).

Discussion
Our study comprehensively investigated the associa-
tion between various variables and cognitive function. 
Our multivariate analysis identified 41 variables that sig-
nificantly related to cognitive function. Among them, 12 
were associated with cognitive decline; and 22 were sup-
ported by one-sample MR analysis, and of which 5 were 
further confirmed by two-sample MR analysis, including 
well-studied variables such as the education and SES, and 
less-studied variables such as hand grip strength, sitting 
height, and computer usage. The quality of the pooled 
evidence for the associations between 10 variables and 
cognitive function was rated as high. These 10 variables 
encompassed 6 protective factors (higher education, 
higher pre-tax household income, higher right and left 
HGS, PEF, and more time spent using computer), and 4 
risk factors (being tense or highly strung, never eating 
sugar or foods/drinks containing sugar, spending more 
time outdoors during winter, age started wearing glasses 
or contact lenses). The combined effects of these 10 vari-
ables were significant on decreasing the risks of dementia 
and AD.

Livingston et al. have recently identified 14 potentially 
modifiable lifestyle factors through systematic reviews 
and meta-analyses [5], with which our findings show 
partial consistency. Firstly, our study corroborates the 
association between higher educational attainment and 
improved cognitive function, as well as a deceleration 
in cognitive decline; this causal relationship was further 
substantiated through Mendelian Randomization (MR) 
analysis. Secondly, we identified a significant associa-
tion between mental health and cognitive performance. 
Notably, subthreshold mental health symptoms, such as 
tension, anxious feelings, and mood swings, were more 
strongly linked to diminished cognitive function than 
diagnosed depressive, anxiety, and bipolar disorders. 
Thirdly, while the relationship between physical activity 
and cognition yielded inconsistent results, we observed a 
relatively stable and robust association between cognitive 
functions and physical fitness indicators, including grip 
strength, PEF, sitting height, and walking speed. Fourthly, 
we observed a correlation between passive smoking and 
poorer cognitive function. Also, the analysis revealed 
a significant negative correlation between mental and 
behavioral disorders related to alcohol consumption 
and cognitive function, underscoring the risks of exces-
sive drinking. Moreover, air pollution and social isola-
tion were linked to diminished cognitive performance in 
both subgroup analyses and imputed datasets. Addition-
ally, hearing impairments, hypertension, diabetes, and 

CVD emerged as significant PCs associated with cogni-
tive function. Although low-density lipoprotein (LDL) 
cholesterol levels were not significantly identified to be 
linked to cognition, diagnosed lipid metabolism disorder 
was associated with poorer cognition in subgroup analy-
sis and important PCs. Regarding vision loss, we also 
found that age started wearing glasses or contact lenses 
were associated with poorer cognitive function, high-
lighting the unexpected impact of eyesight on cognitive 
impairment among the elderly [29]. We did not record 
significant association between diagnosed obesity and 
cognition, while related variables such as higher waist to 
hip ratio was found to be associated with poorer cogni-
tion. Regrettably, due to the absence of data on traumatic 
brain injury, we were unable to explore its relationship 
with cognition.

The college degree education and pre-tax household 
income are among 10 variables affecting cognitive func-
tion with high-quality evidence in our study. Previous 
studies have consistently shown that higher levels of edu-
cation are associated with better cognitive performance 
and a reduced risk of dementia [9, 30, 31]. Furthermore, 
economic factors have been identified as crucial fac-
tors influencing cognition [32] and neuropsychological 
diseases [33]. Their impact on dementia incidence even 
has been reported to outweigh that of comorbidities 
and lifestyles by a previous study [34]. Both education 
and household income have substantial genetic compo-
nent [35], and our MR analysis confirmed their causal 
associations with cognition. Education has the potential 
to impact cognitive stimulation and reserve [9, 36], and 
lower socioeconomic status may result in psychological 
stress, diminished well-being, and decreased cognitive 
stimulation [33]. Thus, our study provided robust evi-
dence validating the relationships between education, 
household income, and cognition.

Mental health variables such as being tension, anxiety, 
mood swings, sensitivity feelings showed significant del-
eterious relationship with cognition in our study. These 
findings underscore the important role of subthresh-
old mental health in cognitive functions. An increasing 
attention has been paid to the influences of mental health 
on cognitive function [11, 37]. A longitudinal study 
revealed significant associations between mental disor-
ders and an increased incidence of dementia [38]. More-
over, a meta-analysis revealed associations of anxiety 
with an increased risk of AD and vascular dementia [39]. 
Unhealthy mental states can greatly hinder one’s abil-
ity to effectively cope with life stressors, and prolonged 
exposure to stress can lead to changes in brain structure, 
increasing susceptibility to depression and ultimately 
resulting in cognitive impairment [40, 41]. It is crucial to 
prioritize and emphasize the pivotal role in the future.
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As for body measurement indexes, hand grip strength, 
PEF, and sitting height had medium to high-quality evi-
dence. Previous studies with relatively small sample 
sizes of other cohorts have indicated that grip strength 
is associated with improved cognition and a reduced risk 
of dementia [42, 43]. Consistently, our study found grip 
strength was significantly associated with four cogni-
tive domains in a large-scale population, and the results 
were supported by subsequent longitudinal and MR 
analyses. PEF, an indicator of lung function, has recently 
been linked to the onset of dementia [44, 45]. Our 
exposome-wide analysis identified PEF as a significant 
variable associated with cognitive function. Moreover, 
moderate-quality evidence suggested that higher sitting 
height might confer protective effects on cognition. Sit-
ting height has substantial genetic component [46], and 
our MR analysis further demonstrated its causal relation-
ship with cognition. Prior evidence is mostly restricted to 
cross-sectional evidence [47–49], which might be partly 
due to the design of hypothesis-driven research. Overall, 
our findings suggested that physical indicators may be 
closely associated with cognitive function, which needs 
further exploration.

Furthermore, engagement in cognitive activities, such 
as more time spent using computer and playing com-
puter games, were associated with better cognitive func-
tions, supported by moderate to high-quality evidence 
in our study. In contrast, time spent watching TV and 
duration of mobile phone showed deleterious association 
with cognition, particularly affecting fluid intelligence. 
Studies investigating the impact of electronic and social 
media products on cognition and dementia have pro-
duced inconsistent findings [50–52]. For instance, one 
study revealed that computer use was linked to a reduced 
risk of dementia, whereas television watching was asso-
ciated with an increased risk of dementia [52], aligning 
with our results. It is important to note that the observed 
association with computer use may be influenced by a 
false-positive bias, as individuals with greater computer 
proficiency may achieve higher scores on computer-
based cognitive tests. Nonetheless, our MR analysis fur-
ther confirmed its causal association with cognition. 
Future studies need to explore the type, content, and 
duration of media use in detail to better understand its 
impact on cognitive function.

As for diet, abstaining from sugar or foods/drinks con-
taining sugar were negatively associated with cognitive 
function, supported by high-quality evidence. Moreover, 
the association was consistent and robust even among 
individuals without diabetes and other diseases. A meta-
analysis of interventional studies has revealed a signifi-
cantly positive effect of glucose on verbal performance 
[53]. Additionally, our EWAS identified the excessive 
addition of salt to food as a factor that negatively affects 

cognition, which is consistent with previous evidence 
[54]. The impact of salt on cognition may be influenced 
by factors such as blood pressure [55] and tau pathology 
[56]. Moreover, our restricted cubic spline model showed 
a inverted J-shaped curve between tea consumption and 
cognitions. And a previous study showed that partici-
pants with a daily intake of 3 to 5 cups had the lowest risk 
of dementia [57]. The impact of salad and raw vegetable 
consumption on cognitive function showed variability 
across different analytical approaches. Specifically, mul-
tivariate and lasso regression analyses revealed a negative 
correlation with FI. In contrast, PCA highlighted a bene-
ficial impact of a plant-based diet on FI. These seemingly 
discordant findings underscore the complexity of the 
relationship between dietary habits and cognitive func-
tion and need further research.

Moreover, we discovered a strong association between 
spending more time outdoors during winter and poorer 
cognition. Besides, regarding sleep factors, we found 
that nap during day and daytime dozing were associated 
with poorer cognitive function, while evening person 
showed beneficial effect on prospective memory. Also, 
we observed that early life factors, such as part of a mul-
tiple birth, the body size and height at age 10, were sig-
nificantly associated with adult cognitive function. These 
findings need further exploration.

Our study has several strengths. Firstly, we leveraged 
the large data and EWAS methodology to systematically 
uncover environmental variables of cognitive function. 
Secondly, diverse analytical methods were utilized to 
ascertain the reliability of our results. Moreover, we con-
ducted longitudinal analyses of cognitive decline and MR 
analyses to validated the causality associations. In addi-
tion, we conducted a reliability assessment of the asso-
ciation between variables and cognition, and developed a 
strategy that effectively reduced the incidence of demen-
tia and AD.

There are several limitations in our study as well. 
Firstly, although the brief cognitive tests we used are 
reliable [19], we did not conduct comprehensive and 
standardized cognitive assessments. Secondly, our study 
was limited by the quality and accessibility of exposures 
in the UK Biobank database [58], and the dichotomiza-
tion of certain variables hindered our ability to conduct 
dose-response analyses, such as categorizing education 
as possessing a college degree or not. Thirdly, given that 
the primary analyses are cross-sectional and dementia 
is a syndrome characterized by long-term progression, 
there is a potential for reverse causation bias. Further-
more, although Mendelian Randomization (MR) analy-
sis was employed to investigate causal associations, the 
low heritability of some variables complicates the ability 
to adequately explain them through genetic factors [59]. 
Additionally, despite the use of a large sample size and 
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the application of logarithmic transformation to the data 
to meet the assumptions of linear regression, heterosce-
dasticity may remain an issue due to the complexity and 
variability inherent in the numerous variables analyzed, 
necessitating further investigation. Besides, employ-
ing a systematic methodology with rigorous protocols 
could potentially lead to type II errors, thereby obscur-
ing the statistical significance of critical variables. Also, 
the sample population comprised of volunteers who were 
predominantly young and in good health, suggesting a 
heightened level of participation and overall wellness. 
Consequently, caution is warranted when interpreting 
and generalizing the findings.

Conclusion
In conclusion, our research leveraged a large-scale popu-
lation sample and employed EWAS and MR methodolo-
gies to identify variables influencing cognitive function. 
We confirmed the significant association between educa-
tion, economic status, and cognitive functions. Besides, 
we identified significant relationships between cognitive 
function and multiple other types of variables including 
body measurements such as grip strength, PEF, and sit-
ting height, and leisure activities such as computer and 
television use, and mental health issues such as a ten-
dency to be tense or highly-strung. Also, we developed 
a favorable lifestyle score that demonstrated significant 
potential to reduce the incidence of dementia and AD.
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