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Abstract
Background  Multiple psychosocial factors have been associated with dementia, while the individual or joint effects 
of various psychosocial states on dementia remain unrevealed due to the complex interplay between those factors. 
Here, the authors examined the associations of psychosocial factors and patterns with subsequent risk of dementia, 
and if the associations could be modified by genetic susceptibility to dementia.

Methods  UK Biobank dementia-free participants were followed from one year after recruitment (median date: 24 
January, 2010) until 31 October, 2022. Psychosocial states were measured by 22 items related to five dimensions, 
including psychiatric history, recent stressful life events, current psychiatric symptoms, social contact, and individual 
socioeconomic state. We identified clusters of individuals with distinct psychosocial patterns using latent class 
analysis. Cox proportional hazards models were used to evaluate the association between psychosocial items, as well 
as psychosocial patterns, and risk of dementia. We further performed stratification analyses by apolipoprotein E (APOE) 
genotype, polygenic risk score (PRS) of dementia, and family history of dementia.

Results  Of 497,787 included participants, 54.54% were female. During a median follow-up of 12.70 years, we 
identified 9,858 (1.98%) patients with newly diagnosed dementia. We identified seven clusters with distinct 
psychosocial patterns. Compared to individuals with a pattern of ‘good state’, individuals with other unfavorable 
patterns, featured by varying degrees of poor psychological state (‘fair state’ and ‘mildly, moderately, and extremely 
poor psychological state’), low social contact or socioeconomic state (‘living alone’ and ‘short education years’), were 
all at an increased risk of dementia (hazard ratios [HR] between 1.29 and 2.63). The observed associations showed no 
significant differences across individuals with varying APOE genotypes, levels of PRS, and family histories of dementia.
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Background
Dementia is a group of diseases primarily affecting the 
brain, damaging memory, thinking and functional abili-
ties for daily activities, affecting patients living with the 
disease, their families, and society [1]. The burden of this 
disease is increasing heavily over time, with the num-
ber of patients expected to increase from 50  million to 
152 million by 2050 worldwide [1, 2]. Due to the absence 
of effective treatment, exploring the role of modifiable 
risk factors, in particular psychosocial state [3], in the 
development of dementia has become an important 
approach for establishing preventive strategies.

The psychosocial state represents a combined state of 
mental, emotional, social and spiritual health and is pro-
posed to be an essential modifiable risk factor for the 
development and progression of dementia [1, 4]. Exist-
ing evidence has reported that several unfavorable psy-
chosocial factors, including poor socioeconomic state 
(SES) (e.g., education, employment, household income) 
[5–8], stressful life events and traumatic experiences [9, 
10], poor psychiatric state (e.g., depression, stress-related 
disorder) [11–13], and a lack of social health [14, 15], are 
positively associated with the risk of dementia. However, 
psychosocial factors are usually assessed with different 
definitions [16] and, importantly, are correlated with each 
other (e.g., individuals experiencing stressful life events 
are more likely to be in a poor psychiatric state) [17]. 
Previous studies indicated that identification of distinct 
psychosocial patterns was helpful to implement indi-
vidualized mental health care programs [18–20], while 
no study to date has clustered these related factors in 
researching risk of dementia, using, i.e., latent class anal-
ysis. The coexistence of multiple psychosocial risk factors 
might even be more strongly related to the risk of demen-
tia compared to a single risk factor, leaving the effect of 
multiple psychosocial factors, jointly or individually, on 
the risk of dementia unrevealed.

Evidence has been accumulated suggesting that the 
risk of dementia is clustered within families [21] and 
possibly determined by disease susceptibility of demen-
tia [22]. For instance, the ε4 allele of the apolipoprotein 
E (APOE) gene is the most established genetic risk fac-
tor for sporadic Alzheimer’s disease (AD) and other 
types of dementia [23]. The polygenic risk score (PRS) 
combining multiple risk genes for AD provides a quan-
titative measure of the genetic risk of dementia [24]. 
Thus, whether the association between psychosocial 
state and risk of dementia is modified by family history 

of dementia and associated genetic determinants has not 
been investigated.

Therefore, taking advantage of the community-based 
UK Biobank cohort with enriched records on psychoso-
cial factors and individual-level genotype information, 
we aimed to group individuals according to exclusive 
psychosocial patterns after combining multiple psycho-
social factors, and to investigate associations of different 
patterns with the risk of dementia. We further explored if 
the association would be modified by disease susceptibil-
ity of dementia.

Methods
Study design and participants
UK Biobank is a community-based prospective cohort 
that recruited 502,507 participants aged between 40 and 
69 years from 2006 to 2010 [25]. This study included 
three steps: (1) association analysis of individual psy-
chosocial items with risk of dementia; (2) identification 
of clusters of participants with distinct psychosocial pat-
terns using items from step 1, and their relationships 
with risk of dementia; and (3) stratified analysis by dis-
ease susceptibility (Fig.  1). In step 1, we excluded indi-
viduals who withdrew from the UK Biobank (n = 151), 
had a diagnosis of dementia at recruitment (n = 267), 
had a history of traumatic brain injury that might have 
affected cognitive function (n = 3,357), and lacked any 
data on 22 assessed psychosocial items (n = 945), leaving 
497,787 participants to be included. In step 2, because 
the identification of clusters requires complete informa-
tion on all items, 366,493 participants were included. In 
step 3, we included 307,506 participants for stratified 
analyses by disease susceptibility, after excluding those 
who were non-Caucasian ancestry or without available 
genetic and family history data (n = 58,987), to reduce 
genetic heterogeneity and enhance the statistical power 
to detect associations between genes and phenotypes 
[26]. The characteristics of the participants included in 
each step are shown in Supplementary Table 1. We fol-
lowed all participants from one year after recruitment 
(median date: 24 January, 2010) until a clinical diagnosis 
of dementia, death, loss to follow-up or the end of study 
(31 October, 2022), whichever occurred first.

The UK Biobank has full ethical approval from the NHS 
National Research Ethics Service (reference number: 16/
NW/0274), all participants completed informed consent 
prior to the initiation of any study procedures. This study 
was also approved by the biomedical research ethics 

Conclusion  Unfavorable psychosocial patterns are associated with an increased risk of dementia, independent of 
genetic susceptibility. The findings highlight the importance of surveillance and prevention of cognitive decline 
among individuals with suboptimal psychosocial state.
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committee of West China Hospital (reference number: 
2019.1171) and was performed in accordance with the 
ethical standards as laid down in the 1964 Declaration of 
Helsinki.

Ascertainment of psychosocial state
Based on previous studies [1, 4, 16], we ascertained psy-
chosocial state as a profile consisting of five dimensions, 
including history of psychiatric disorder, recent stressful 
life events, current psychiatric symptoms, social con-
tact, and individual SES. History of psychiatric disorder 
included four items, each coded as yes or no to diagno-
ses of anxiety, depression, stress-related disorder, and 
substance misuse, by using International Classification 
of Diseases (ICD)-10 codes from hospital inpatients, 

primary care, and self-reported data to those occur-
ring before recruitment. Information on recent stress-
ful life events was ascertained from baseline self-report 
questionnaires, collected as yes or no to those that hap-
pened in the past two years, including traumatic event 
occurred to yourself, traumatic event occurred to a close 
relative, death of a close relative, death of a spouse/part-
ner, marital separation, and financial difficulties. Current 
psychiatric symptoms were ascertained from self-report 
questionnaires at recruitment, reported as a frequency 
(nearly every day, more than half the days, several days, 
and not at all) during the past two weeks to each item 
involving depression, unenthusiasm, tenseness, and 
tiredness. Social contact was collected at baseline as yes 
or no to living alone, low frequency of friends/family 

Fig. 1  Flowchart of the study. a Traumatic brain injury diagnoses before recruitment were identified according to the International Classification of 
Diseases-10 codes (S06, S02.0, S02.1, S02.7, S02.8, S02.9) using hospital inpatient records. b Caucasian ancestry refers to a genetic ethnic group, involving 
individuals who self-identified as White British and have very similar genetic ancestry based on a principal components analysis of the genotypes
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visit, low frequency of leisure/social activities, loneliness, 
and not able to confide, according to cut-offs defined 
previously [14, 15]. Self-reported individual SES was 
collected at recruitment as education years (< 10 years, 
10–13 years, 13–15 years, 15–20 years, ≥ 20 years), cal-
culated using the age completed full time education and 
qualifications [27], annual household income (low [less 
than £18, 000], low-moderate [£18, 000–30, 999], mod-
erate [£31, 000–51, 999], moderate-high [£52, 000-100, 
000], and high [greater than £100, 000]), and employment 
state (unemployed and employed). The details for ICD-10 
codes, field codes, and cut-offs of psychosocial items are 
available in Supplementary Table 2.

Ascertainment of dementia
The outcome was the first-ever diagnosis of dementia, 
including AD, vascular dementia (VD), other dementia 
and unspecified dementia, ascertained through data from 
hospital inpatients, primary care, death registers, and 
self-reported data at subsequent assessment center visits 
using ICD-10 codes (Supplementary Table 3).

Covariates
Data on demographics (age, gender, ethnicity), lifestyle 
factors (e.g., smoking, alcohol drinking, hours of sleep 
[28]), and hearing loss state [29] were collected at base-
line using self-report questionnaires. Physical activ-
ity was evaluated by the International Physical Activity 
Questionnaire score summarizing the metabolic equiva-
lent task (MET)-weighted time spent in vigorous, mod-
erate, and walking activity. The body mass index (BMI) 
was constructed from height and weight measured at 
the initial visit to the assessment center. The Charlson 
comorbidity index (CCI) was calculated by summariz-
ing the presence of multiple medical conditions accord-
ing to inpatient hospitals, primary care and self-reported 
records [30], except for dementia (ICD-10 codes in 
Supplementary Table 3). A history of hypertension and 
hyperlipidaemia was identified through inpatient hos-
pital and primary care data (Supplementary Table 3). 
Grip strength, measured at the initial visit to the assess-
ment center by adjusting for sex and BMI, was used as 
an index of physical frailty [31]. The APOE ε4 genotype 
was determined by APOE SNVs rs429358 and rs7412, 
where individuals with 1 or 2 ε4 alleles were considered 
to be APOE ε4 carriers and the others to be APOE ε4 
non-carriers [32–34]. We used calculated standard PRS 
for AD as an index of genetic risk of dementia, the pro-
cess of generating PRS including methodologies pertain-
ing to genotyping, imputation, and quality control within 
the UK Biobank, and the validation of this PRS has been 
documented previously [24, 35, 36]. Higher scores indi-
cate an increased genetic predisposition to dementia. A 
family history of dementia was defined as dementia for 

any first-degree relatives (father, mother, and siblings) 
according to baseline self-report questionnaires.

Statistical analysis
The incidence rate (IR) was calculated as the total num-
ber of patients with dementia divided by the accumulated 
person-time at risk. In step 1, we assessed the associa-
tions between individual psychosocial items and incident 
dementia using conditional Cox proportional hazards 
regression models, represented as hazard ratios (HRs) 
with 95% CIs, attained age was used as the time scale. 
The estimates were adjusted for gender (female or male), 
ethnicity (non-Caucasian or Caucasian), smoking (never, 
previous, current, or unknown), alcohol drinking (never, 
previous, current, or unknown), hours of sleep (normal 
[7–9 h], long or short sleep [> 9 h or < 7 h], or unknown), 
physical activity (low, moderate, high, or unknown), BMI 
(< 25 kg/m², 25–30 kg/m², ≥ 30 kg/m², or unknown), grip 
strength (normal, low, or unknown), CCI (0, or ≥ 1), his-
tory of hypertension (no or yes), and history of hyperlip-
idemia (no or yes). We adjusted the P values using the 
false discovery rate (FDR) to correct for multiple testing, 
with an FDR threshold of 0.05 chosen to balance Type I 
and Type II errors [37].

In step 2, we used latent class analysis (LCA) to iden-
tify the clusters of participants with distinct psychoso-
cial patterns, by taking into account the contributions 
from the correlations between the items with signifi-
cant associations with the risk of dementia (Supplemen-
tary Method) [38]. The optimal number of clusters was 
selected by comparing the performance and interpret-
ability of LCA models with different numbers of clus-
ters (selection criteria in Supplementary Table 6) [39]. 
To validate the robustness and generalizability of these 
clusters, we further randomly divided participants into 
two validation datasets and identified clusters in each 
validation dataset. Using the most favorable patten (i.e., 
good state) as the reference, we estimated the association 
between unfavorable psychosocial patterns and the risk 
of dementia. We further performed stratified analyses 
by age at recruitment (≤ 65 years or > 65 years) and gen-
der (female or male). In step 3, we conducted stratified 
analyses according to the APOE ε4 genotype (non-carrier 
or carrier), PRS for dementia (grouped as low, or high 
genetic risk by terciles), and family history of dementia 
(without or with).

We performed several sensitivity analyses. First, we 
stratified the association by baseline cognitive func-
tion among a sample of 364,422 participants with avail-
able data on reaction time at baseline (grouped as high 
[reaction time < 1st tertile] or low [reaction time > 2nd 
tertile]). Reaction time is an index validated to represent 
cognitive functioning, with a higher score represent-
ing a poorer level of cognitive function [40, 41]. Second, 
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because the APOE ε4 genotype and PRS represent the 
genetic determinants of AD, we repeated the stratified 
analyses between patterns and risk of AD. Third, to test 
the robustness of our results to the concern of reverse 
causality, we repeated the association by applying 5- and 
10 year lag times.

All data analyses were completed using R software 
(version 4.0). A two-tailed test with P < 0.05 was consid-
ered statistically significant. The proportional hazards 
assumptions for Cox regression were held in all models 
by using a Schoenfeld residual plot.

Results
The median age of the participants at recruitment was 
58.00 years, and 54.54% were female (Supplementary 
Table 1). During a median follow-up of 12.70 years, we 
identified 9,858 (1.98%) patients with newly diagnosed 
dementia, among whom 3,383 had AD, 1,529 had VD, 
1,799 had other subtypes of dementia and 3,147 had 
unspecified dementia (Supplementary Table 4).

The associations of psychosocial items and dementia risk
In step 1, compared with individuals belonging to the 
favorable psychosocial categories, those who reported 
unfavorable levels of psychosocial items had a higher 
risk of dementia (Fig.  2, Supplementary Table 5). The 
strongest association was observed for low household 
income (HR 2.05, 95% CI 1.70 to 2.47). Traumatic event 
occurred to a close relative was inversely associated with 
an individuals’ risk of dementia (HR 0.86, 95% CI 0.80 to 
0.92), while the association for death of a close relative or 
spouse/partner was not statistically significant.The iden-
tification of clusters of participants with distinct psycho-
social patterns.

In step 2, with the inclusion of 20 psychosocial items 
with a significant association with the risk of dementia, 
we identified seven clusters with distinct psychosocial 
patterns (Supplementary Table 6). We then named the 
seven clusters according to their most featured psycho-
social profile (Fig. 3A and B; Table 1). Briefly, the pattern 
of ‘good state’ was characterized by lower possibilities 
of suffering all psychosocial abnormalities than the total 
population level (n = 136,060). Patterns of ‘short educa-
tion years’ (n = 81,767) and ‘living alone’ (n = 47,987) were 
merely featured by higher possibilities of short education 
years and social isolation, respectively. In addition, we 
observed 4 clusters of participants with similar psycho-
social patterns but varying degrees of poor psychological 
state: ‘fair state’ (n = 56,765), ‘mildly poor psychological 
state’ (n = 28,402), ‘moderately poor psychological state’ 
(n = 8,688) and ‘extremely poor psychological state’ 
(n = 6,824). Similar seven clusters with distinct psychoso-
cial patterns were also identified in two validation datas-
ets (Supplementary Table 7).

The associations of psychosocial patterns with dementia 
risk
Compared with individuals belonging to the ‘good state’, 
individuals with other patterns were all at increased risk 
of dementia (HRs ranged from 1.29 to 2.63), with the 
strongest association for ‘extremely poor psychologi-
cal state’ (HR 2.63, 95% CI 2.23 to 3.11) (Fig. 3C). Simi-
lar associations were observed for subtypes of dementia 
(Supplementary Table 8). Similar associations were noted 
across different age groups (Supplementary Table 9) and 
by gender (Supplementary Table 10).

In sensitivity analyses, although largely similar, we 
observed stronger associations with the risk of dementia 
among individuals with low cognitive function, for pat-
terns of ‘fair state’ (Supplementary Table 11). We found 
largely similar associations between psychosocial pat-
terns and risk of any dementia when applying a 5- and 10 
years lag times (Supplementary Table 12).

Disease susceptibility of dementia
The associations between psychosocial patterns and risk 
of dementia were not modified by the APOE genotype, 
levels of PRS of dementia, or family history of dementia 
(Fig. 4), although no significant association was observed 
for individuals with patterns of ‘fair state’ or with fam-
ily history of dementia. The results were largely similar 
when restricting dementia to AD (Supplementary Tables 
13 and 14).

Discussion
In this prospective cohort study based on the UK 
Biobank, we identified and validated seven clusters 
of participants with exclusive psychosocial patterns. 
Compared with the pattern ‘good state’, we found an 
increased risk of dementia for individuals with other 
patterns, with the strongest association noted for 
‘extremely poor psychological state’. The association 
was largely independent of the disease susceptibility 
of dementia, i.e., the APOE genotype, PRS, and fam-
ily history of dementia. Our findings demonstrate the 
contribution of combined psychosocial factors to the 
development of dementia in addition to genetic deter-
minants, and call for increased awareness to integrate 
various psychosocial dimensions for the surveillance 
of high-risk groups for dementia.

Although evidence has reported some specific psy-
chosocial patterns associated with the risk of demen-
tia, these studies often used various psychosocial 
assessments [16], evaluated single psychosocial fac-
tors [42, 43], and focused on selected populations [6]. 
In this study, we included five dimensions consisting 
of 20 factors that were mostly reported to be associ-
ated with the risk of dementia [1, 4, 16], and iden-
tified seven psychosocial patterns that optimally 
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characterized this study population. In compliment to 
the influence of a single factor, we found persons with 
these psychosocial patterns were at increased risk of 
dementia. Consistent with previous literature [44, 45], 
the most pronounced risk was observed for ‘extremely 
poor psychological state’ (i.e., history of psychiatric 
disorder, recent stressful life events, current psychi-
atric symptoms, loneliness as well as unemployment), 
indicating the importance of considering the interplay 
and complicity of multiple psychosocial factors on the 

risk prediction of dementia. Further, our findings that 
the observed associations are mostly independent of 
disease susceptibility to dementia, highlight the pos-
sible opportunity and importance of intervening with 
modifiable factors for the prevention of dementia.

More specifically, we observed a dose-response 
relationship between varying degrees of psychologi-
cal states and dementia risk, representing a gradi-
ent risk elevation that was noted for individuals with 
‘fair state’ and ‘mildly, moderately, and extremely 

Fig. 2  Hazard ratios for the associations between five psychosocial dimensions with 22 specific items and risk of any dementia. The rings represent the 
HRs for the associations between 22 psychosocial items and risk of any dementia. The point estimates of statistically significant HRs after correction for 
multiple testing (i.e., false discovery rate-adjusted P value < 0.05) are shown as numbers. HRs were derived from Cox regression models, adjusted for 
gender, ethnicity, smoking, alcohol drinking, hours of sleep, physical activities, body mass index, Charlson comorbidity index, history of hypertension and 
hyperlipidemia, grip strength, and hearing loss state. Abbreviations: HR, hazard ratio

 



Page 7 of 12Wang et al. Alzheimer's Research & Therapy          (2024) 16:225 

poor psychological state’. Additionally, the patterns 
featured by merely ‘living alone’ and ‘short education 
years’ were also associated with the risk of dementia, 
independent of the influence of other psychological 
factors. Future risk assessment and disease surveil-
lance studies shall consider placing more resources on 
the groups with these features. Because genetic back-
ground is often considered as an important risk factor 
for the onset of dementia, our study thereby demon-
strate that future surveillance should not only focus on 
individuals with family history or inherited risk genes 
of dementia, but also those who belong to high-risk 
psychosocial patterns independent of family history 
or risk genes. An increased risk of dementia was also 
observed for persons featured by ‘fair state’, and was 
largely attributed to the group with low cognitive per-
formance (Supplementary Table 10). It was likely that 
this group captured the subclinical stage of dementia 
with cognitive decline.

Although the underlying mechanisms between psy-
chosocial factors and the risk of dementia are widely 
discussed, the combined contribution of multiple psy-
chosocial factors to the development of dementia is 
less clear. It is often the approach to exclusively adopt 
a single factor when studying its influence on the risk 
of dementia. However, psychosocial risk factors usu-
ally tend to cluster together. Psychosocial adversity, 
i.e., loss of income and traumatic experience, can be 
life stressors causing mental stress and stress reac-
tion, which is often linked with prolonged activation 
of the hypothalamic-pituitary-adrenal (HPA) axis, hip-
pocampal damage, and dysregulation of the immune 
system [46, 47], these are likely to be associated with 
the incidence of dementia. In addition, psychosocial 
adversity may indirectly foster unhealthy lifestyles, 
e.g., smoking, heavy drinking and physical inactiv-
ity, which are associated with an increased risk of 
dementia [48]. This indicates that lifestyle factors 

Fig. 3  The radar charts of seven psychosocial patterns and association between seven psychosocial patterns and risk of any dementia. (A, B) The radar 
charts of seven psychosocial patterns. (C) Association between seven psychosocial patterns and risk of any dementia. In radar charts, a graduated scale 
along each radial axis indicates the deviations of each psychosocial item in relation to the total population level. Lines connect the values for each item 
and form a closed polygon, which allows visual comparison of different psychosocial patterns. HRs and 95% CIs were derived from Cox regression models, 
adjusted for gender, ethnicity, smoking, alcohol drinking, hours of sleep, physical activities, body mass index, Charlson comorbidity index, history of hy-
pertension and hyperlipidemia, grip strength, and hearing loss state. Abbreviations: SES, individual socioeconomic state; HR, hazard ratio; CI, confidence 
interval
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Characteristics No. (%)
Good state Fair state Short 

education
Living alone Mildly poor 

psychological 
state

Moderately 
poor psycho-
logical state

Extremely 
poor psy-
chological 
state

No. of participants 136,060 56,765 81,767 47,987 28,402 8,688 6,824
Follow up, y, median (IQR) 12.70 (1.38) 12.70 (1.39) 12.80 (1.36) 12.70 (1.41) 12.70 (1.42) 12.70 (1.42) 12.70 (1.46)
Age at baseline, y, median 
(IQR)

55.00 (13.00) 53.00 (12.00) 61.00 (10.00) 61.00 (11.00) 58.00 (13.00) 54.00 (13.00) 53.00 (12.00)

Sex
  Female 66,319 (48.74) 31,167 (54.91) 40,607 (49.66) 28,290 (58.95) 17,051 (60.03) 4,948 (56.95) 3,905 (57.22)
  Male 69,741 (51.26) 25,598 (45.09) 41,160 (50.34) 19,697 (41.05) 11,351 (39.97) 3,740 (43.05) 2,919 (42.78)
Ethnicity a

  Non-Caucasian 22,728 (16.70) 9,710 (17.11) 9,463 (11.57) 8,279 (17.25) 4,934 (17.37) 2,285 (26.30) 1,530 (22.42)
  Caucasian 113,332 (83.30) 47,055 (82.89) 72,304 (88.43) 39,708 (82.75) 23,468 (82.63) 6,403 (73.70) 5,294 (77.58)
Smoking status
  Never 82,666 (60.76) 31,720 (55.88) 40,732 (49.81) 24,626 (51.32) 12,247 (43.12) 4,506 (51.86) 2,984 (43.73)
  Previous 44,829 (32.95) 19,374 (34.13) 32,695 (39.99) 17,032 (35.49) 10,139 (35.70) 2,635 (30.33) 2,032 (29.78)
  Current 8,421 (6.19) 5,605 (9.87) 8,107 (9.91) 6,189 (12.90) 5,943 (20.92) 1,531 (17.62) 1,785 (26.16)
  Unknown 144 (0.11) 66 (0.12) 233 (0.28) 140 (0.29) 73 (0.26) 16 (0.18) 23 (0.34)
Drinking status
  Never 3,151 (2.32) 1,313 (2.31) 3,449 (4.22) 2,377 (4.95) 1,382 (4.87) 546 (6.28) 463 (6.78)
  Previous 2,644 (1.94) 1,506 (2.65) 2,704 (3.31) 2,232 (4.65) 1,942 (6.84) 512 (5.89) 711 (10.42)
  Current 130,245 (95.73) 53,938 (95.02) 75,595 (92.45) 43,354 (90.35) 25,050 (88.20) 7,617 (87.67) 5,633 (82.55)
  Unknown 20 (0.01) 8 (0.01) 19 (0.02) 24 (0.05) 28 (0.10) 13 (0.15) 17 (0.25)
Hours of sleep b

  Normal 109,417 (80.42) 40,336 (71.06) 62,894 (76.92) 34,782 (72.48) 17,498 (61.61) 5,014 (57.71) 3,149 (46.15)
  Long or short sleep 26,643 (19.58) 16,429 (28.94) 18,873 (23.08) 13,205 (27.52) 10,904 (38.39) 3,674 (42.29) 3,675 (53.85)
Physical activity c

  Low 21,510 (15.81) 11,166 (19.67) 10,923 (13.36) 6,612 (13.78) 5,277 (18.58) 1,846 (21.25) 1,904 (27.90)
  Moderate 52,308 (38.44) 21,229 (37.40) 25,546 (31.24) 16,642 (34.68) 9,179 (32.32) 2,733 (31.46) 1,936 (28.37)
  High 47,927 (35.22) 17,499 (30.83) 30,934 (37.83) 17,388 (36.23) 8,715 (30.68) 2,572 (29.60) 1,633 (23.93)
  Unknown 14,315 (10.52) 6,871 (12.10) 14,364 (17.57) 7,345 (15.31) 5,231 (18.42) 1,537 (17.69) 1,351 (19.80)
Body mass index, kg/m2

  < 25 51,847 (38.11) 19,576 (34.49) 22,487 (27.50) 15,996 (33.33) 8,090 (28.48) 2,424 (27.90) 1,769 (25.92)
  25–30 59,030 (43.39) 23,559 (41.50) 37,568 (45.95) 19,361 (40.35) 10,907 (38.40) 3,313 (38.13) 2,387 (34.98)
  ≥ 30 24,785 (18.22) 13,428 (23.66) 21,415 (26.19) 12,362 (25.76) 9,191 (32.36) 2,870 (33.03) 2,588 (37.92)
  Unknown 398 (0.29) 202 (0.36) 297 (0.36) 268 (0.56) 214 (0.75) 81 (0.93) 80 (1.17)
Charlson comorbidity index
  0 112,095 (82.39) 45,069 (79.40) 63,561 (77.73) 36,740 (76.56) 19,590 (68.97) 6,283 (72.32) 4,446 (65.15)
  ≥ 1 23,965 (17.61) 11,696 (20.60) 18,206 (22.27) 11,247 (23.44) 8,812 (31.03) 2,405 (27.68) 2,378 (34.85)
History of hypertension
  No 123,935 (91.09) 51,183 (90.17) 67,868 (83.00) 40,285 (83.95) 22,995 (80.96) 7,293 (83.94) 5,543 (81.23)
  Yes 12,125 (8.91) 5,582 (9.83) 13,899 (17.00) 7,702 (16.05) 5,407 (19.04) 1,395 (16.06) 1,281 (18.77)
History of hyperlipidemia
  No 132,547 (97.42) 55,300 (97.42) 78,178 (95.61) 46,040 (95.94) 27,027 (95.16) 8,321 (95.78) 6,487 (95.06)
  Yes 3,513 (2.58) 1,465 (2.58) 3,589 (4.39) 1,947 (4.06) 1,375 (4.84) 367 (4.22) 337 (4.94)
Grip strength
  Normal 118,539 (87.12) 47,747 (84.11) 63,916 (78.17) 35,899 (74.81) 19,894 (70.04) 6,262 (72.08) 4,481 (65.67)
  Low 16,711 (12.28) 8,611 (15.17) 17,162 (20.99) 11,548 (24.06) 8,073 (28.42) 2,290 (26.36) 2,203 (32.28)
  Unknown 810 (0.60) 407 (0.72) 689 (0.84) 540 (1.13) 435 (1.53) 136 (1.57) 140 (2.05)
Hearing loss state d

  No 103,608 (76.15) 40,316 (71.02) 57,663 (70.52) 34,968 (72.87) 18,462 (65.00) 5,788 (66.62) 4,187 (61.36)

Table 1  Characteristics of study participants by seven identified psychosocial patterns, among 336,493 participants free of dementia 
at baseline from the UK Biobank
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may mediate the association, although the difference 
in the risk of dementia was not pronounced across 
socioeconomic groups [49]. Other modifiable risk fac-
tors, such as sleep deprivation [50], have also been 
reported for dementia. The resulting metabolic and 
molecular alterations that presumably inhibit inflam-
mation and oxidative stress may otherwise accelerate 
dementia pathogenesis [51, 52], although the specific 
pathways are not fully understood. Furthermore, psy-
chosocial adversity is linked with multiple risk factors 
for dementia, including depression and cardiovascular 
disease [53]. Finally, our findings reinforce the impor-
tance of being involved in social contact and obtaining 
high cognitive reserve, since living alone and having 
few years of education may directly influence the inci-
dence of dementia [34, 54, 55].

The main strength of our study is the use of the UK 
Biobank cohort, with large sample size, prospective 
and independent data collection and a long follow-
up on dementia occurrence, enabling us to perform 
detailed subgroup and sensitivity analyses. We use 
the LCA method to identify the optimal psychoso-
cial patterns in the study population, which allows the 
simultaneous consideration of multiple psychosocial 
factors. Further, we take into account the impact of 
disease susceptibility to dementia according to APOE 
genotype, PRS and family history of dementia, reassur-
ing the importance of psychosocial patterns on the risk 
of dementia independent of its genetic determinants.

There are limitations to be acknowledged. First, psy-
chosocial data were collected at recruitment, which 
might potentially be influenced by recall bias and not 
reflect longitudinal changes. In addition, we used his-
tory of psychiatric diagnoses and self-reported current 
symptoms as proxies for mental health, which may not 
be accurate to reflect real mental status. The impact 
of treatments for mental illnesses, such as the use 
of antidepressants, can influence psychiatric symp-
toms, which was not considered in this study. Sec-
ond, although impact from lifestyle factors has been 

adjusted, a detailed classification on lifestyle factors, 
such as the amounts/frequencies of smoking and alco-
hol drinking, was not considered. Third, reverse cau-
sality can be a potential issue, because the disease may 
already progress due to the often delayed diagnosis of 
dementia. However, we have allowed a 1-year lag time 
in all analyses to address this issue. Similar results were 
obtained when additionally applying 5- and 10-year 
lag times in the sensitivity analysis. Fourth, it is worth 
noting that the UK Biobank participants are not rep-
resentative of the U.K. general population, given the 
low response rate for participation at recruitment [25]. 
Future studies are therefore warranted to validate our 
findings in a more representative sample, or to gener-
alize the findings in other populations.

Conclusions
Our study demonstrates that unfavorable psychosocial 
patterns, including psychological state deterioration 
and poor social states, are associated with a higher risk 
of dementia, largely independent of genetic suscepti-
bility of dementia. It is important to take into account 
how multiple psychosocial factors interact to prevent 
and monitor dementia.

Characteristics No. (%)
Good state Fair state Short 

education
Living alone Mildly poor 

psychological 
state

Moderately 
poor psycho-
logical state

Extremely 
poor psy-
chological 
state

  Yes 29,011 (21.32) 14,375 (25.32) 21,607 (26.43) 11,493 (23.95) 8,620 (30.35) 2,502 (28.80) 2,282 (33.44)
  Unknown 3,441 (2.53) 2,074 (3.65) 2,497 (3.05) 1,526 (3.18) 1,320 (4.65) 398 (4.58) 355 (5.20)
a Ethnicity was collected via a self-report questionnaire, Caucasian ancestry refers to a genetic ethnic group, involving individuals who self-identified as White British 
and have very similar genetic ancestry based on a principal components analysis of the genotypes
b Hours of sleep were categorized as normal (7–9 h), long or short sleep (> 9 h or < 7 h), and unknown
c Physical activity was evaluated by the International Physical Activity Questionnaire score summarizing the metabolic equivalent task (MET)-weighted time spent 
in vigorous, moderate, and walking activity
d Hearing loss state was collected via a self-report question: ‘Do you have any difficulty with your hearing?’ and was categorized as without hearing loss (‘no’ 
responses), with hearing loss (‘yes’ or ‘I am completely deaf’ responses), and unknown

Table 1  (continued) 
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Fig. 4  Association between seven psychosocial patterns and dementia of any type, by APOE ε4 genotype, polygenic risk score, and family history of 
dementia. HRs and 95% CIs were derived from Cox regression models, adjusted for gender, ethnicity, smoking, alcohol drinking, hours of sleep, physical 
activities, body mass index, Charlson comorbidity index, history of hypertension and hyperlipidemia, grip strength, and hearing loss state. Abbreviations: 
HR, hazard ratio; CI, confidence interval; PRS, polygenic risk score
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