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Research on socioeconomic position (SEP) and mild neurocognitive impairment, considered a transient 
state between normal cognitive function and dementia is limited. The purpose of this study was to 
determine the role of SEP in transitioning between different cognitive states and mortality risk. Using 
nationally representative English data and utilising a multistate model association between SEP and 
the risk of transitioning from no cognitive impairment (NOCI) to Cognitive impairment no dementia 
(CIND), dementia and death were investigated. The potential reverse transition from CIND to NOCI was 
also explored. The probabilities of transitioning between cognitive states and time spent in each state 
differed significantly between those with lower and higher levels of SEP. Higher wealth was associated 
with a reverse transition from CIND to NOCI [HR = 1.56, CI (1.42,1.72)]. Socioeconomic advantage 
might protect against the progression to the early stages of neurocognitive disorders (CIND) and 
facilitate the potential reversion from mild cognitive impairment to a healthy cognitive state in later 
life. Lower levels of education affect the risk of mortality after the onset of dementia.

There has been a consistent upward trend in the overall mortality rate attributed to dementia and Alzheimer’s 
disease in the UK since 2001, with dementia and Alzheimer’s disease-related deaths accounting for 12.5% of the 
total deaths in England and Wales, according to the latest census1. Furthermore, dementia is projected to double 
within the next twenty years2. Thus, there is an imperative need to prioritise prevention and early detection among 
older adults at risk. Socioeconomic position, often measured by education, occupation, wealth, and income, has 
been recognised as a determinant factor in relation to dementia risk3. Three recent meta-analyses4–6 observed 
a strong association between lower levels of education and dementia risk among all socioeconomic indicators 
studied. While two of these meta-analyses initially found an association between lower occupational positions 
and lower income levels with dementia risk, upon adjustment for confounders, these associations attenuated4,6. 
The relationship between socioeconomic inequalities and time spent with cognitive impairment is another area 
of research highlighted in literature and some evidence suggests that individuals from lower socioeconomic 
backgrounds spent a larger proportion of their later years with cognitive impairment compared to their higher 
socioeconomic counterparts7–9, although contradictory findings exist10–12. Understanding the impact of wealth 
on neurocognitive disorders presents a challenge, given the limited number of studies examining it, yet the 
available studies indicate a positive link between higher wealth and lower dementia risk13–15. However, the role 
of socioeconomic inequalities in transitioning from a healthy cognitive state to mild neurocognitive states such 
as mild cognitive impairment (MCI) and dementia over time is poorly understood.

The process of cognitive ageing follows a continuum from a normal cognitive state to dementia with an 
intermediate phase of MCI16. In contrast to dementia, where other cognitive skills and the ability to live 
independently are affected, MCI is characterised by cognitive impairment without dementia or functional 
impairment17. Clinical evidence indicates that individuals with MCI experience similar characteristics and 
types of neuropathological changes as seen in mild dementia18. Studies also suggest that around 12% to 15% 
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of individuals with MCI could develop dementia each year19. Population-based studies are thus critical when 
estimating which older individuals are at an increased risk of MCI and dementia. This can help elucidate the 
rates of progression over time and provide vital information for public policy.

Except for two20,21, previous UK studies have primarily focused on either MCI or dementia outcomes, 
which limits our understanding of the role of socioeconomic risk factors in transitioning between various 
cognitive states. One study using the data from Whitehall II showed a lower risk of transitioning to mild 
neurocognitive states associated with higher education20. Consistent findings were seen in a second study using 
data from the Cognitive Function and Ageing Study (CFAS)21. Results indicated that higher cognitive reserve 
(characterised by higher levels of education and occupation) could offer a buffer against forward transitions to 
mild neurocognitive disorder and facilitate reverse changes to a healthy cognitive state21. A few other studies22–26 
also provide supportive evidence for the role of education in the transition between healthy cognitive and mild 
neurocognitive states using a multistate framework. In addition, a meta-analysis27, including 17 studies, found 
that individuals with higher education are more likely to return to a healthy cognitive state from MCI; however, 
results were inconclusive due to the sparsity of the reviewed studies and heterogeneity in the samples included. 
Nevertheless, studies exploring the multistate transitional nature of neurocognitive disorders have often 
disregarded more reliable markers of socioeconomic position in later life, such as wealth. In general, studies 
in this line of research have been limited to the analysis of non-representative25,26,28, small26,28, occupational20 
or clinical samples27, making their generalisability difficult. More importantly, the earlier UK-based studies20,21 
seldom used standardised population-based neurocognitive measures and instead relied on cognitive screening 
tools.

We aim to determine whether there is an association between socioeconomic markers and transitioning 
between different cognitive states and ultimately to death using a large nationally representative study of 
middle-aged and older English adults. To effectively capture the socioeconomic disadvantage in later life, wealth 
indicator will be considered alongside education and occupation. This work also aims to estimate the time spent 
in each cognitive state in relation to each socioeconomic marker (education, occupation, and wealth).

Methods
Data
The English Longitudinal Study of Ageing (ELSA) is an ongoing longitudinal survey of the ageing population in 
England. ELSA is a representative sample of men and women 50 years and older living in England, which started 
in 2002–2003, with refreshment samples at different waves. For these analyses, we considered the longitudinal 
data available from wave four (2008–2009) to wave nine (2018–2019), with data on outcomes collected at six 
different time points. Wave 4 was chosen as the baseline as it had the maximum sample size (due to a large 
refreshment sample at this wave). Among the core sample of 9821 participants at baseline, 8442 eligible 
participants with 76,242 data points were selected. A flowchart depicting sample selection is provided in the 
supplementary eFigure S2. The datasets generated and/or analysed during the current study are publicly available 
via the UK Data Service (https://www.ukdataservice.ac.uk) except for the mortality data. Ethical approval for 
each of the ELSA waves was granted from the National Research Ethics Service (London Multicentre Research 
Ethics Committee) (MREC/01/2/91) (http://www.nres.npsa.nhs.uk). All participants gave informed consent at 
each of the recruitment waves to participate in the study, and all methods were conducted in accordance with the 
relevant guidelines and regulations. We used the STROBE cohort checklist when writing our report.

Study variables
Neurocognitive disorders
The presence of neurocognitive disorders was operationalised in ELSA using the consensus criteria according 
to the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), Ref.29 following a diagnostic algorithm 
implemented in CFAS, Ref.30 which has been shown to have good predictive accuracy for dementia in population-
based settings. Separate cognitive status groups were derived based on the self-reports of a physician’s dementia 
diagnosis, objective tests for cognitive impairment, subjective reports of memory complaints, and functional 
impairment. The diagnostic groups derived were (i) No Cognitive Impairment (NOCI), (ii) Mild Cognitive 
Impairment (MCI), (iii) Other Cognitive Impairment no dementia (OCIND), and (iv) Dementia. Since MCI 
was only a small group in this study, OCIND was regrouped with MCI to create a Cognitive Impairment No 
Dementia (CIND) group. Therefore, for the main analysis, we used the following categories: (1) NOCI, (2) 
CIND, and (3) Dementia. For more details on the classification criteria for neurocognitive disorders, see the 
previously published paper31 and the Supplementary file.

Socioeconomic indicators
Socioeconomic position was measured using three indicators: education, occupation, and non-pension 
household wealth. These were based on self-reports in computer-assisted personal interviews collected at wave 
four. The highest attained educational qualification was classified as: “low (primary education or less), middle 
(secondary education), and high (tertiary education)”. The occupational class included the following categories: 
“managerial and professional occupations, intermediate occupations, and semi-routine/routine/manual 
occupations”31,32. Total non-pension household wealth was categorised into wealth tertiles, with tertile 1 being 
the most deprived and tertile 3 being the most affluent.

Covariates
Potentially significant covariates were demographic factors (age, sex, and marital status). Information on 
covariates was collected at wave 4. Sex was grouped as: “male” and “female” and marital status was grouped as 
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“partnered” (married or partnered) and “not living with a partner” (single, legally separated, divorced, widowed). 
Being “male” and “married” were used as the reference groups.

Statistical analyses
First, baseline socioeconomic factors and covariates are summarised by NOCI and CIND using descriptive 
statistics. A continuous time Markov model was employed to model the transition probabilities between 
different cognitive states: NOCI, CIND, and dementia, over a 10-year period using wave 4 as the baseline. The 
Markov model used a piecewise-constant approximation for age dependency33. Further details are provided in 
the Supplementary material. If a state can continue to transition to another state, it is classified as a transient 
state; otherwise, it is considered an absorbing state. There are seven possible transitions among the four states, 
and death was considered an absorbing state, as illustrated in Fig. 1.

We plotted the observed prevalence versus the predicted prevalence from the fitted model over time to check 
the model goodness-of-fit (Supplementary eFigure S3). Transition-specific hazard ratios and 95% confidence 
intervals (CI) are estimated to determine how each socioeconomic indicator is associated with transition risk 
across different cognitive states. In addition, we calculated the probabilities of entering each state and the total 
mean time spent in each state separately for education, occupation, and wealth at ages 60 and 80. Finally, we 
estimated the average length of stay in various states and the sojourn time. All models are adjusted for age, sex, 
and marital status except for the transition from NOCI to dementia and CIND to dementia. In all analyses, 
socioeconomically disadvantaged groups were used as a reference group for comparison against other levels. 
Due to convergence issues, the inclusion of more covariates was challenging. Differences between study members 
who had complete neurocognitive data and those who did not were analysed by covariates (Supplementary Table 
S4). Standard errors are estimated from the Hessian matrix evaluated at the optimum (Supplementary Table S5). 
The ‘msm’ package of R version 4.2.0 was used to build the multistate Markov model34.

Role of the funding source
The funders had no role in study development, data analyses, interpretation, or writing of the report.

Results
Sample characteristics
Participants were followed up for a mean of five years. The baseline sample at wave 4 was predominantly female 
(55.74%) and married (65.30%). Detailed descriptive statistics can be found in Table 1.

Transition frequency and transition probabilities
During the study period, 3898 transitions occurred from NOCI to CIND state and 3361 transitions from 
CIND to NOCI state. The least number of transitions occurred between NOCI and dementia (n = 25) and 
transitions from CIND to dementia were higher (n = 336). A range of transitions to the terminal state of death 
were observed. Specifically, there were 1231 cases with transitions from CIND to death, reflecting a higher 
number of occurrences. Additionally, 295 cases transitioned from NOCI to death, representing a moderate 
number of transitions. However, only 192 cases progressed from dementia to death, indicating a lower number 
of transitions. There were seven possible pathways for participants during the ten-year follow-up time with 
a transition probability matrix for the unadjusted model. Nearly 17% transitioned from NOCI to CIND, and 
11% underwent a reverse transition to NOCI from CIND (transition probability = 0.11, CI 0.10, 012). The 
probability of transitioning from NOCI to death and dementia was found to be remarkably low. On the other 
hand, dementia to death (transition probability = 0.21, CI 0.18,0.24) was found to be more prevalent. Given the 
fitted multistate model, adjusted transition probabilities were also predicted for each covariate pattern at ages 60 
and 80. The stacked probabilities of state occupancy are displayed in Fig. 2A–C. The corresponding transition 

Fig. 1. The conceptual model of the statistical analyses employed with three cognitive states and seven 
transition probabilities considered between different cognitive states with death as an absorbing state. The 
states are represented with boxes and numbered 1, 2, 3, and 4. Each transition is represented with an arrow, 
indicating the probability of transitioning from one state to another.
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probabilities for these figures are provided in Supplementary Tables S1–S3. When transitions were tracked over 
ten years or by age, differences in transition probabilities among participants from the most and least advantaged 
socioeconomic positions diverged further.

Transition probabilities in relation to education
After ten years, the highest education level was associated with lower probabilities of transitions to CIND [Age 
60, lowest: 0.42 (0.40, 0.44) vs highest: 0.27 (0.25, 0.29)] and dementia from NOCI compared to those with the 
lowest education level. Similarly, the probabilities of transitioning from CIND to dementia also differed between 
those with primary education or less and those with a degree education or more. The reverse transition from 
CIND to NOCI was more likely in participants with higher education than those with lower levels of education. 
Moreover, higher education level was inversely associated with the transition probability from dementia to 
death, with individuals having lower education levels exhibiting a higher risk of mortality.

Transition probabilities in relation to occupation
Participants who had a managerial/professional level occupation had the lowest probability of CIND [Age 60, 
Routine/manual occupation: 0.43 (0.40,0.44) vs Managerial/professional: 0.36 (0.34,0.37)] and dementia by ten 
years. Participants in a more disadvantaged occupational class had a higher probability of moving to dementia 
from NOCI and CIND. More advantaged occupational positions significantly increased the probability of 
reversing back to NOCI compared with the manual/routine occupational class. Additionally, routine/manual 
occupations exhibited higher probabilities of transitions to dementia or death compared to professional-level 
occupations.

Transition probabilities in relation to wealth
Participants in the bottom wealth tertile had a lower probability [Age 60, 0.41 (0.39,0.43)] of transitioning from 
NOCI to CIND in ten years, compared with lowered probability [Age 60, 0.26 (0.24,0.28)] among participants 
in the top wealth tertile. The probability of reverse transitions was stronger for the wealth indicator [top wealth 
tertile—Age 60, lowest tertile: 0.30 (0.28,0.32) vs highest tertile: 0.53 (0.51,0.56)]. The differences in transition 
probabilities between different tertiles of wealth for transitions from NOCI to dementia, dementia to death, and 
CIND to dementia were small. Increasing age was strongly associated with an increased likelihood of transitions, 
except for CIND to NOCI.

Risk of transition between cognitive states
Adjusted hazard ratios and 95% confidence intervals of each transition are shown in Table 2. Education was a 
strong factor in most of the transitions, and the highest level of education was associated with a 43% reduced 
risk of transitioning from NOCI to CIND, a 69% reduced risk of transitioning from CIND to dementia, and a 
39% reduced risk of transitioning from dementia to death compared to those with the lowest level of education. 
Similarly, higher education was associated with an increased risk of backward transition from CIND to NOCI 
(HR = 1.81, 95% CI 1.61, 2.04). A more advantaged occupational position was also associated with a lower risk 
of transitioning from NOCI to CIND. Compared to manual workers in state CIND, professional workers had 
an 81% higher chance of reverting to NOCI. Additionally, individuals in higher education levels, managerial/

Study variables Mean (SD)/n (%)

Age 67 (9.5)

Sex

 Male 3779 (44.76)

 Female 4663 (55.74)

Marital status

 Single/divorced 2929 (34.70)

 Married 5513 (65.30)

Education

 Low 2348 (27.81)

 Middle 4568 (54.11)

 High 1526 (18.07)

Occupation

 Routine/Manual 2619 (31.02)

 Intermediate 2975 (35·24)

 Managerial/Professional 2848 (33.73)

Wealth

 Lowest tertile 2769 (32.80)

 Middle tertile 2849 (33.74)

 Highest tertile 2824 (33.45)

Table 1. Baseline demographic and socioeconomic characteristics of the analytical sample (n = 8442).
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Fig. 2. (A) Stacked predicted transition probabilities for different education groups. (State 1: No Cognitive 
Impairment, State 2 = Cognitive Impairment no dementia, State 3 = Dementia, State 4 = Death). (B) Stacked 
predicted transition probabilities for different occupation groups. (State 1: No Cognitive Impairment, State 
2 = Cognitive Impairment no dementia, State 3 = Dementia, State 4 = Death). (C) Stacked predicted transition 
probabilities for different wealth groups. (State 1: No Cognitive Impairment, State 2 = Cognitive Impairment 
no dementia, State 3 = Dementia, State 4 = Death).
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professional occupations, and highest wealth tertiles were at lower risk of transition from CIND to dementia 
compared to their counterparts in lower socioeconomic positions. Higher wealth was also associated with 
reversion from CIND to NOCI. The association between neither occupation nor wealth with the transitions 
from dementia to death was statistically significant. No socioeconomical indicator was associates with transition 
from NOCI to dementia. However, there was reduced power to observe the association of SEP on the transition 
progression probability from CIND to death and NOCI to death.

Figure 2. (continued)
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The expected total length of time spent in each state
Average years spent in each state during 10  years of follow-up are presented for the three socioeconomic 
indicators in Fig.  3. Compared with participants who had a lower level of education, degree-level educated 

Figure 2. (continued)
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participants had a longer expected mean time spent in the NOCI state at all ages (7.35 at age 60 v/s 4.73 at 
age 80). Compared with participants who were less socioeconomically advantaged, participants who were well-
educated, professionally qualified, and wealthy at age 80  years had a shorter expected remaining time spent 
in the CIND state and dementia state. Notably, the expected total time spent in the NOCI state increased in a 
stepwise pattern, and the expected total time spent in CIND and dementia states decreased in a stepwise pattern 
with an increase in educational, occupational, and wealth positions. Sojourn times also varied by socioeconomic 
indicators, with individuals in socioeconomically advantaged positions experiencing longer durations in NOCI 
and lesser durations in CIND and dementia compared to those in lower socioeconomic positions at age 80 (see 
supplementary Table S6).

Discussion
In a longitudinal cohort of English adults aged 50 and over, the association between socioeconomic risk factors 
and the risk of progressing to neurocognitive disorders in later life was studied over a ten-year period. A 
significant portion of older adults was likely to undergo forward and backward transitions between healthy 
cognitive states and neurocognitive disorders such as mild cognitive impairment. Results showed that highly 
educated professionals, higher occupational groups, and wealthy participants had lower hazards of transitioning 
from NOCI to CIND and from CIND to dementia than participants with lower levels of education, occupation, 
or wealth. Individuals from socioeconomically advantaged groups demonstrated a significantly higher chance 
of reverting from CIND to NOCI. It is noteworthy that while education showed significant and consistent 
associations across most transitions except NOCI to dementia, occupation and wealth did not exhibit associations 
for transitions from NOCI to dementia and dementia to death. On average, socioeconomically advantaged 
groups spent more time in cognitively healthy states and less time in mild to severe cognitive impairment states 
than socioeconomically disadvantaged groups.

The results of this study provide some interesting insights. The transition rates between NOCI and CIND 
states fall within the wide range reported in a prior meta-analysis19. However, progression rates from a healthy 
cognitive state to dementia were lower, and this conflicts with findings of earlier studies, which have shown 
that the rate of transition over a 10-year period could be 8–15%35,36. Based on HuiPing Xue’s meta-analysis 

Fig. 3. Estimated duration of each cognitive state in years, separately for education, occupation, and wealth 
categories at ages 60, 70, and 80. NOCI No Cognitive Impairment, CIND Cognitive Impairment no dementia.

 

Variable

NOCI to CIND CIND to NOCI CIND to Dementia NOCI to Dementia Dementia to Death

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Education

 Low

 Middle 0.73 (0.67, 0.80) 1.37 (1.24, 1.51) 0.38 (0.31, 0.47) 0.81 (0.11, 5.94) 0.69 (0.55, 0.87)

 High 0.57 (0.52, 0.64) 1.81 (1.61, 2.04) 0.31 (0.22, 0.45) 0.91 (0.10, 8.49) 0.61 (0.39, 0.93)

Occupation

 Routine/Manual

 Intermediate 0.82 (0.75, 0.89) 1.46 (1.32, 1.62) 0.80 (0.63, 1.02) 0.91 (0.15, 5.44) 1.03 (0.80, 1.34)

 Managerial/Professional 0.67 (0.61, 0.73) 1.81 (1.64, 2.00) 0.63 (0.48, 0.82) 0.88 (0.16, 4.80) 0.96 (0.71, 1.29)

Wealth

 Lowest tertile

 Middle tertile 0.86 (0.79, 0.93) 1.29 (1.17, 1.43) 0.98 (0.77, 1.24) 0.90 (0.15, 5.44) 1.18 (0.92, 1.53)

 Highest tertile 0.68 (0.63, 0.74) 1.56 (1.42, 1.72) 0.74 (0.56, 0.97) 0.87 (0.16, 4.89) 0.98 (0.74, 1.31)

Table 2. Association of baseline socioeconomic factors with the risk of transitions in ELSA during the 10 years 
follow-up. HR Hazard Ratio, CI Confidence Intervals, NOCI No Cognitive Impairment, CIND Cognitive 
Impairment no dementia.
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findings, the reversion rates from MCI to a healthy cognitive state averaged 28%, which is higher than that 
observed in this study. Nevertheless, comparing our results with other studies is difficult because of the different 
methodologies, age ranges, and populations studied. It is also possible that, being a generally healthy cohort, 
a significant proportion of this study population might have dropped out before observing any cognitive 
impairment or dementia.

The observed association between education and the risk of progressing to CIND is in agreement with the 
results of earlier studies using a similar analytical strategy21,26,28. Education also predicted the progression to 
dementia from CIND and was found to be associated with more years spent without cognitive impairment 
and fewer years with CIND and dementia in this study. Our study contrasts with the previous finding, which 
reported no association between education and the time spent in cognitive impairment11. Moreover, unlike 
another earlier UK study10,12, our research indicates a significant association, showing that individuals with 
higher education levels live less years with cognitive impairment. These discrepancies may arise from differences 
in study methodologies, or changes in educational contexts. However, further research is required to explore and 
clarify the mechanisms behind these associations.

The findings provide support for the notion that complex managerial or professional-level jobs can be 
associated with a lower risk of progression to CIND from NOCI and CIND to dementia. A prior study employing 
multistate modelling found a similar association with the risk of moving to a mildly impaired state; however, the 
occupational level did not contribute to the progression toward dementia in that study21. Another multicohort 
study found similar associations between a higher occupation level and a lowered risk of transitioning from 
a normal cognitive state to mild cognitive impairment20. However, the association between occupation and 
transitioning from mild impairment to severe impairment was significant only in the Longitudinal Aging Study 
Amsterdam (LASA)20.

We identified a higher transition rate for reversal of CIND to NOCI among all three socioeconomically 
advantaged groups. Education emerged as a significant predictor of CIND reversion, which is in line with 
previous findings24,27; however, the contribution of occupation and wealth to the relative process of transitioning 
from a healthy cognitive state to neurocognitive disorders represents new knowledge and contributions.

In fact, to the best of the authors’ knowledge, this is the first study to test the association of wealth with 
neurocognitive transitions to MCI, dementia, and mortality. Wealth seems to be strongly associated with 
transitions from NOCI to MCI and from MCI to dementia, even after adjustment for confounders. The process 
through which socioeconomic factors protect against early progression to MCI is not fully elucidated; however, 
different indicators may affect health through different mechanisms37. One probable explanation for the 
observed results could come from Stern’s cognitive reserve hypothesis, which postulates that highly educated 
older adults with no cognitive impairment might have a high cognitive and brain reserve that is able to mask 
and overcome the pathological burden associated with dementia38. It is also possible that increased wealth and 
better occupation increase access to resources, contributing to higher cognitive reserve39. Another possibility is 
that this may simply reflect the underlying socioeconomic gradient in physical health40 and reflect better access 
to health service providers and early treatments for various chronic conditions (e.g., hypertension, diabetes, 
cardiovascular disease) contributing to dementia risk. Occupation can also influence health through exposure 
to physical hazards and access to work benefits such as insurance and pensions41,42. Finally, another mechanism 
could be operating via a stress pathway, i.e., socially disadvantaged groups can suffer chronic stress, stimulating 
glucocorticoid release, thus affecting the hippocampus area associated with the memory centre43.

Strength and limitations
The work presented has a number of strengths and limitations.

In terms of limitations, we must first acknowledge that dementia diagnosis, although made by a physician, 
was self-reported. Second, participants were followed for ten years only, which might not be long enough 
to detect the process of transitioning from normal cognitive status to mild cognitive impairment, emerging 
dementia, and mortality cases. Third, due to power issues, we were unable to consider all potential confounders 
that could have influenced the transitions between cognitive states. Fourth, this analysis may be limited by the 
absence of certain transitions or states due to missing data. There could be also potential miss-classification of 
cognitive status. Fifth, the analysis did not consider all the subtypes of neurocognitive disorders and because 
of low case numbers in certain cognitive states. Sixth, the study may be subject to selection bias, as individuals 
with worse cognitive health are more likely to be lost to follow-up. Finally, ethnicity was not adjusted for in the 
analysis, given the predominantly white composition of the ELSA sample.

Despite these limitations, the study has made substantial contributions. The study population used in 
the current analyses is a representative sample of the English population aged 50 and older living in private 
households. This represents a unique and rich resource of information on the dynamics of health and economic 
circumstances in the English population that offered an excellent opportunity to investigate the role of 
socioeconomic differential in relation to transitioning to neurocognitive disorders and mortality. Second, not 
many studies have considered multistate modelling and the transitional nature of neurocognitive impairment 
and death, nor have they used a reliable marker of later-life SEP in a population-representative epidemiological 
study. The consideration of the multifaceted nature of SEP has provided a more nuanced understanding of the 
various dimensions of SEP and how they impact cognitive health37,44. We have also considered both subjective 
and objective measures of cognition to ascertain neurocognitive disorders. Furthermore, Markov modelling is 
a complex tool for analysing population-level cognitive change in transitioning to impairment. Through the 
multistate model, the average time in each state and the transition probabilities from one state to another were 
estimated, thereby providing valuable information for targeted preventive interventions in the progression of 
neurodegeneration in older people.

Scientific Reports |        (2024) 14:24690 9| https://doi.org/10.1038/s41598-024-74125-w

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Conclusion
Results from this study provide a new and valuable understanding of the role of socioeconomic markers in relation 
to transitioning to neurocognitive disorders and mortality. The current associations between SEP indicators 
and transitioning to neurocognitive disorders and mortality may provide new insights into the importance of 
socioeconomic inequalities in transitioning to mild neurocognitive disorders by showing persistent inequalities 
by education, occupation, and particularly wealth.

Data availability
The datasets generated and/or analysed during the current study are publicly available via the UK Data Service 
(https://www.ukdataservice.ac.uk) except for the mortality data.

Received: 27 December 2023; Accepted: 24 September 2024

References
 1. Office of National Statistics. Dementia and Alzheimer’s disease deaths including comorbidities, England and Wales: 2019 

registrations. England (2020).
 2. Nichols, E. et al. Estimation of the global prevalence of dementia in 2019 and forecasted prevalence in 2050: An analysis for 

the Global Burden of Disease Study 2019. Lancet Public Health 7(2), e105–e125. https://doi.org/10.1016/S2468-2667(21)00249-8 
(2022).

 3. Russ, T. C. et al. Socioeconomic status as a risk factor for dementia death: Individual participant meta-analysis of 86 508 men and 
women from the UK. Br. J. Psychiatry 203(1), 10–17. https://doi.org/10.1192/bjp.bp.112.119479 (2013).

 4. Bodryzlova, Y. et al. Social class and the risk of dementia: A systematic review and meta-analysis of the prospective longitudinal 
studies. Scand. J. Public Health 51(8), 1122–1135. https://doi.org/10.1177/14034948221110019 (2023).

 5. Maccora, J., Peters, R. & Anstey, K. J. What does (low) education mean in terms of dementia risk? A systematic review and 
meta-analysis highlighting inconsistency in measuring and operationalising education. SSM Popul. Health 12, 100654. https://doi.
org/10.1016/j.ssmph.2020.100654 (2020).

 6. Wang, A. Y. et al. Socioeconomic status and risks of cognitive impairment and dementia: A systematic review and meta-analysis of 
39 prospective studies. J. Prev. Alzheimer’s Dis. 10(1), 83–94. https://doi.org/10.14283/jpad.2022.81 (2023).

 7. Hale, J. M., Schneider, D. C., Mehta, N. K. & Myrskylä, M. Cognitive impairment in the U.S.: Lifetime risk, age at onset, and years 
impaired. SSM Popul. Health 11, 100577. https://doi.org/10.1016/j.ssmph.2020.100577 (2020).

 8. Lièvre, A., Alley, D. & Crimmins, E. M. Educational differentials in life expectancy with cognitive impairment among the elderly 
in the United States. J. Aging Health 20(4), 456–477. https://doi.org/10.1177/0898264308315857 (2008).

 9. Andrade, F. C. D., Corona, L. P. & de Oliveira Duarte, Y. A. Educational differences in cognitive life expectancy among older adults 
in Brazil. J. Am. Geriatr. Soc. 67(6), 1218–1225. https://doi.org/10.1111/jgs.15811 (2019).

 10. Matthews, F. E., Jagger, C., Miller, L. L. & Brayne, C. Education differences in life expectancy with cognitive impairment. J. Gerontol. 
A Biol. Sci. Med. Sci. 64(1), 125–131. https://doi.org/10.1093/gerona/gln003 (2009).

 11. Laditka, S. B. & Laditka, J. N. More education may limit disability and extend life for people with cognitive impairment. Am. J. 
Alzheimers Dis. Other Demen. 29(5), 436–447. https://doi.org/10.1177/1533317513518648 (2014).

 12. Mooldijk, S. S. et al. Life expectancy with and without dementia in persons with mild cognitive impairment in the community. J. 
Am. Geriatr. Soc. 70(2), 481–489. https://doi.org/10.1111/jgs.17520 (2022).

 13. Cadar, D. et al. Individual and area-based socioeconomic factors associated with dementia incidence in England: Evidence 
from a 12-year follow-up in the English longitudinal study of ageing. JAMA Psychiatry 75(7), 723–732. https://doi.org/10.1001/
jamapsychiatry.2018.1012 (2018).

 14. Pan, L., Gao, B., Zhu, J. & Guo, J. Negative wealth shock and cognitive decline and dementia in middle-aged and older US adults. 
JAMA Netw. Open 6(12), e2349258. https://doi.org/10.1001/jamanetworkopen.2023.49258 (2023).

 15. Deckers, K. et al. Modifiable risk factors explain socioeconomic inequalities in dementia risk: Evidence from a population-based 
prospective cohort study. J. Alzheimer’s Dis. 71, 549–557. https://doi.org/10.3233/JAD-190541 (2019).

 16. DeCarli, C. Mild cognitive impairment: Prevalence, prognosis, aetiology, and treatment. Lancet Neurol. 2(1), 15–21. https://doi.
org/10.1016/S1474-4422(03)00262-X (2003).

 17. Matthews, F. E., Stephan, B. C., McKeith, I. G., Bond, J. & Brayne, C. Two-year progression from mild cognitive impairment to 
dementia: To what extent do different definitions agree?. J. Am. Geriatr. Soc. 56(8), 1424–1433. https://doi.org/10.1111/j.1532-
5415.2008.01820.x (2008).

 18. Knopman, D. S. & Petersen, R. C. Mild cognitive impairment and mild dementia: A clinical perspective. Mayo Clin. Proc. 89(10), 
1452–1459. https://doi.org/10.1016/j.mayocp.2014.06.019 (2014).

 19. Mitchell, A. J. & Shiri-Feshki, M. Rate of progression of mild cognitive impairment to dementia–meta-analysis of 41 robust 
inception cohort studies. Acta Psychiatr. Scand. 119(4), 252–265. https://doi.org/10.1111/j.1600-0447.2008.01326.x (2009).

 20. Robitaille, A. et al. Transitions across cognitive states and death among older adults in relation to education: A multistate survival 
model using data from six longitudinal studies. Alzheimers Dement. 14(4), 462–472. https://doi.org/10.1016/j.jalz.2017.10.003 
(2018).

 21. Marioni, R. E., Valenzuela, M. J., van den Hout, A., Brayne, C. & Matthews, F. E. Active cognitive lifestyle is associated with positive 
cognitive health transitions and compression of morbidity from age sixty-five. PLoS One 7(12), e50940. https://doi.org/10.1371/
journal.pone.0050940 (2012).

 22. Yu, H. M. et al. Multi-state Markov model in outcome of mild cognitive impairments among community elderly residents in 
Mainland China. Int. Psychogeriatr. 25(5), 797–804. https://doi.org/10.1017/s1041610212002220 (2013).

 23. Hou, C. et al. Cognitive functioning transitions, health expectancies, and inequalities among elderly people in China: A nationwide 
longitudinal study. Int. J. Geriatr. Psychiatry. 33(12), 1635–1644. https://doi.org/10.1002/gps.4966 (2018).

 24. Sanz-Blasco, R. et al. Transition from mild cognitive impairment to normal cognition: Determining the predictors of reversion 
with multi-state Markov models. Alzheimers Dement. 18(6), 1177–85. https://doi.org/10.1002/alz.12448 (2022).

 25. Wei, S., Xu, L. & Kryscio, R. J. Markov transition model to dementia with death as a competing event. Comput. Stat. Data Anal. 80, 
78–88. https://doi.org/10.1016/j.csda.2014.06.014 (2014).

 26. Iraniparast, M. et al. Cognitive reserve and mild cognitive impairment. Predictors and rates of reversion to intact cognition vs 
progression to dementia. Neurology 98(11), e1114–e1123. https://doi.org/10.1212/wnl.0000000000200051 (2022).

 27. Xue, H. et al. Factors for predicting reversion from mild cognitive impairment to normal cognition: A meta-analysis. Int. J. Geriatr. 
Psychiatry 34(10), 1361–8. https://doi.org/10.1002/gps.5159 (2019).

 28. Tyas, S. L. et al. Transitions to mild cognitive impairments, dementia, and death: Findings from the Nun Study. Am. J. Epidemiol. 
165(11), 1231–1238. https://doi.org/10.1093/aje/kwm085 (2007).

Scientific Reports |        (2024) 14:24690 10| https://doi.org/10.1038/s41598-024-74125-w

www.nature.com/scientificreports/

https://www.ukdataservice.ac.uk
https://doi.org/10.1016/S2468-2667(21)00249-8
https://doi.org/10.1192/bjp.bp.112.119479
https://doi.org/10.1177/14034948221110019
https://doi.org/10.1016/j.ssmph.2020.100654
https://doi.org/10.1016/j.ssmph.2020.100654
https://doi.org/10.14283/jpad.2022.81
https://doi.org/10.1016/j.ssmph.2020.100577
https://doi.org/10.1177/0898264308315857
https://doi.org/10.1111/jgs.15811
https://doi.org/10.1093/gerona/gln003
https://doi.org/10.1177/1533317513518648
https://doi.org/10.1111/jgs.17520
https://doi.org/10.1001/jamapsychiatry.2018.1012
https://doi.org/10.1001/jamapsychiatry.2018.1012
https://doi.org/10.1001/jamanetworkopen.2023.49258
https://doi.org/10.3233/JAD-190541
https://doi.org/10.1016/S1474-4422(03)00262-X
https://doi.org/10.1016/S1474-4422(03)00262-X
https://doi.org/10.1111/j.1532-5415.2008.01820.x
https://doi.org/10.1111/j.1532-5415.2008.01820.x
https://doi.org/10.1016/j.mayocp.2014.06.019
https://doi.org/10.1111/j.1600-0447.2008.01326.x
https://doi.org/10.1016/j.jalz.2017.10.003
https://doi.org/10.1371/journal.pone.0050940
https://doi.org/10.1371/journal.pone.0050940
https://doi.org/10.1017/s1041610212002220
https://doi.org/10.1002/gps.4966
https://doi.org/10.1002/alz.12448
https://doi.org/10.1016/j.csda.2014.06.014
https://doi.org/10.1212/wnl.0000000000200051
https://doi.org/10.1002/gps.5159
https://doi.org/10.1093/aje/kwm085
http://www.nature.com/scientificreports


 29. Cadar D, Abell J, Steptoe A. Cognitive impairment and dementia in older English adults: Risk Factors and diagnostic algorithms. 
In: BANKS J, Nazroo J, Steptoe A, Zaninotto P, editors. The dynamics of ageing: Evidence from the English Longitudinal Study of 
Ageing 2002–2019 (wave 9). London, UK: The Institute for Fiscal Studies; p. 62–92 (2020).

 30. Richardson, C., Stephan, B. C. M., Robinson, L., Brayne, C. & Matthews, F. E. Two-decade change in prevalence of cognitive 
impairment in the UK. Eur. J. Epidemiol. 34(11), 1085–1092. https://doi.org/10.1007/s10654-019-00554-x (2019).

 31. Gireesh, A., Sacker, A., McMunn, A. & Cadar, D. Role of inflammation in the socioeconomic inequalities of neurocognitive 
disorders. Brain Behav. Immun. 113, 203–211. https://doi.org/10.1016/j.bbi.2023.07.013 (2023).

 32. Rose, D. & Pevalin, D. J. A researcher’s Guide to the National Statistics Socio-Economic Classification (Sage, 2002).
 33. Avd, H. Multi-State Survival Models for Interval-Censored Data/Ardo van den Hout (CRC Press, 2017).
 34. Jackson, C. Multi-state models for panel data: The msm package for R. J. Stat. Softw. 38(8), 1–28. https://doi.org/10.18637/jss.v038.

i08 (2011).
 35. Qin, Y. et al. Estimating bidirectional transitions and identifying predictors of mild cognitive impairment. Neurology 100(3), e297–

e307. https://doi.org/10.1212/wnl.0000000000201386 (2023).
 36. Davis, M. et al. Estimating Alzheimer’s disease progression rates from normal cognition through mild cognitive impairment and 

stages of dementia. Curr. Alzheimer Res. 15(8), 777–88. https://doi.org/10.2174/1567205015666180119092427 (2018).
 37. Wagg, E., Blyth, F. M., Cumming, R. G. & Khalatbari-Soltani, S. Socioeconomic position and healthy ageing: A systematic review 

of cross-sectional and longitudinal studies. Ageing Res. Rev. 69, 101365. https://doi.org/10.1016/j.arr.2021.101365 (2021).
 38. Stern, Y. Cognitive reserve. Neuropsychologia 47(10), 2015–2028. https://doi.org/10.1016/j.neuropsychologia.2009.03.004 (2009).
 39. Miceli, S., Maniscalco, L. & Matranga, D. Social networks and social activities promote cognitive functioning in both concurrent 

and prospective time: Evidence from the SHARE survey. Eur. J. Ageing 16(2), 145–154. https://doi.org/10.1007/s10433-018-0486-z 
(2019).

 40. Lövdén, M., Fratiglioni, L., Glymour, M. M., Lindenberger, U. & Tucker-Drob, E. M. Education and cognitive functioning across 
the life span. Psychol. Sci. Public Interest 21(1), 6–41. https://doi.org/10.1177/1529100620920576 (2020).

 41. Galobardes, B., Lynch, J. & Smith, G. D. Measuring socioeconomic position in health research. Br. Med. Bull. 81–82(1), 21–37. 
https://doi.org/10.1093/bmb/ldm001 (2007).

 42. Faragher, E. B., Cass, M. & Cooper, C. L. The relationship between job satisfaction and health: A meta-analysis. Occup. Environ. 
Med. 62(2), 105–112. https://doi.org/10.1136/oem.2002.006734 (2005).

 43. Herman, J. P. et al. Regulation of the hypothalamic-pituitary-adrenocortical stress response. Compr. Physiol. 6(2), 603–621. https://
doi.org/10.1002/cphy.c150015 (2016).

 44. Spiers, G. F. et al. Measuring older people’s socioeconomic position: a scoping review of studies of self-rated health, health service 
and social care use. J. Epidemiol. Community Health 76(6), 572–579. https://doi.org/10.1136/jech-2021-218265 (2022).

Acknowledgements
The English Longitudinal Study of Aging (ELSA) was developed by a team of researchers based at the University 
College London, NatCen Social Research, the Institute for Fiscal Studies and the University of Manchester. The 
data were collected by NatCen Social Research.

Author contributions
Aswathikutty Gireesh and Dr Dorina Cadar generated the idea for this study and proposed the analytic plan. 
Analysis and interpretation of the data were carried out by Aswathikutty Gireesh, Dr Dorina Cadar, and Dr 
Rikesh Bhatt. Article write-up and interpretation of results were made by Aswathikutty Gireesh with support 
from Dr Dorina Cadar, Dr Rikesh Bhatt, Prof Amanda Sacker, and Prof Anne McMunn. All authors contributed 
significantly to the conception, design, and revision of the article.

Funding
ELSA is funded by the National Institute on Aging (R01AG017644) and by UK Government Departments co-
ordinated by the National Institute for Health and Care Research (NIHR). Dr Dorina Cadar is supported by the 
National Institute on Ageing (grant R01AG17644) and the ESRC (ES/T012091/1, & ES/S013830/1). Prof. Anne 
McMunn is supported by the ESRC ES/W013185/1 and ES/W001454/1. Aswathikutty Gireesh is supported by 
the ESRC and the Biotechnology and Sciences Research Council (BBSRC) (ES/P000347/1).

Declarations

Competing interests
The authors declare no competing interests.

Consent statement
All participants provided informed consent.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1038/s41598-024-74125-w.

Correspondence and requests for materials should be addressed to A.G.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Scientific Reports |        (2024) 14:24690 11| https://doi.org/10.1038/s41598-024-74125-w

www.nature.com/scientificreports/

https://doi.org/10.1007/s10654-019-00554-x
https://doi.org/10.1016/j.bbi.2023.07.013
https://doi.org/10.18637/jss.v038.i08
https://doi.org/10.18637/jss.v038.i08
https://doi.org/10.1212/wnl.0000000000201386
https://doi.org/10.2174/1567205015666180119092427
https://doi.org/10.1016/j.arr.2021.101365
https://doi.org/10.1016/j.neuropsychologia.2009.03.004
https://doi.org/10.1007/s10433-018-0486-z
https://doi.org/10.1177/1529100620920576
https://doi.org/10.1093/bmb/ldm001
https://doi.org/10.1136/oem.2002.006734
https://doi.org/10.1002/cphy.c150015
https://doi.org/10.1002/cphy.c150015
https://doi.org/10.1136/jech-2021-218265
https://doi.org/10.1038/s41598-024-74125-w
https://doi.org/10.1038/s41598-024-74125-w
http://www.nature.com/scientificreports


Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give 
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and 
indicate if changes were made. The images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy 
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024  

Scientific Reports |        (2024) 14:24690 12| https://doi.org/10.1038/s41598-024-74125-w

www.nature.com/scientificreports/

http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

	Socioeconomic inequalities linked to the transitioning to neurocognitive disorders and mortality
	Methods
	Data
	Study variables
	Neurocognitive disorders
	Socioeconomic indicators


	Covariates
	Statistical analyses
	Role of the funding source

	Results
	Sample characteristics
	Transition frequency and transition probabilities
	Transition probabilities in relation to education
	Transition probabilities in relation to occupation
	Transition probabilities in relation to wealth
	Risk of transition between cognitive states
	The expected total length of time spent in each state

	Discussion
	Strength and limitations
	Conclusion

	References


