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Introduction: Socioeconomic status (SES) is negatively associated with innumerable health outcomes, including cogni-
tive functioning. Yet much remains undiscovered about SES patterns in later-life cognition in low-and middle-income
countries (LMICs). The purpose of this study was to examine the association between separate and combined
socioconomic risks and cognitive impairment among older adults in India. Further, given gender disparities in later
life cognitive functioning and SES, the study examines the associations between socioeconomic risks and cognitive
impairment separately, for older men and women.
Methods: Data come from the 2017–18, first wave of the Longitudinal Aging Study in India (LASI), with 31,464 older
adults aged 60 years and above. Cognitive impairment was assessed using multiple broad measures of memory, orien-
tation, arithmetic function, and visuo-spatial construction skills. We present descriptive statistics along with cross-
tabulation of the outcome variable. Additionally, binary logistic regression analysis was used to test the association be-
tween outcome and explanatory variables. SES is measured using education, paid work status, and household wealth
measured using monthly per-capita consumption expenditure (MPCE).
Results:A proportion of 7.14% of the older men and 20.03% of older women reported cognitive impairment. The odds
of cognitive impairment were higher among uneducated older men and women, and older men and women in lowest
wealth quintile. Surprisingly, older women without current or prior work history report lower odds of cognitive im-
pairment compared to their peers in labor force. While odds of cognitive impairment are higher among non-
working older men, this association is not statistically significant. In older men, the odds of cognitive impairment
were 5.34, 7.14, and 13.05 times higher with one, two, and three risk factors, respectively, compared with those
with no risk exposure. A similar trend was observed for women but with comparatively lower odds.
Conclusions:Our findings underscore the need to distinguish between varying elements of SES to construct “upstream”
health policies and programs that redistribute resources. In particular, the findings support the use of multiple SES in-
dicators in identifying older adults most susceptible to cognitive deficits, and planning gender-based interventions to
improve cognitive health in late life.
1. Introduction

Although cognitive decline generally is expected with increasing age
[1], this decline is far from uniformly distributed [2]. Specifically, lower
SES, including lower education and income, is a critical non-biological cor-
relate of cognitive decline in later life [3]. Cognitive decline can lead to
Alzheimer's Disease and other forms of dementia, seriously affecting the
quality of life for older adults and their families, and rendering financial
and health liabilities of massive proportions for society at large [4].
ES, Socioeconomic status; SRH, Self Ra
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Fig. 1. The CONSORT diagram showing the inclusion/exclusion critera of the study
sample.
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and environmental factors exert an enormous influence on later life
cognitive functioning.

Existing research, indeed, finds a strong association between several
modifiable risk factors including, education [11,12], occupation [13], in-
come [14], and wealth [15] and later life cognitive health. Multiple studies
also have demonstrated the effect of these variables on cognitive impair-
ment among older adults in lower and middle income countries (LMICs)
[16–18]. In fact, one recent study reported that relative to objective socio-
economic markers, subjective SES may better predict cognitive functioning
among older adults in India [19].

As an an important indicator of SES and extensively studied correlate of
cognition, education is protective against cognitive decline [19–23], and
this is regardless of how cognitive health is measured. Conversely, two
studiesfind that higher education does not protect against cognitive decline
[23] or may even result in a steeper decline in cognition [24]. Indeed, stud-
ies document that while more education prolongs the onset of cognitive de-
cline, once it starts, the progression is much faster among those with more
education [25,26]. Like education, paid work [27,28] also is found to ben-
efit later life cognitive capabilities. Workplaces are where most individuals
learn new skills, practice problem-solving, form newnetworks, and interact
with others outside of one's immediate social circle – all experiences that re-
quire the use of several high-ordered neural networks that help preserve
cognitive reserve [29] and protect against cognitive deficits [30]. Given
that most adults spend a substantial amount of their life working for pay,
understanding the relationship between paid work and later life cognition
becomes important [31].

In addition to education and employment, later life cognitive health
also is associated with household wealth status. For one, income can facili-
tate stable access to better quality of health care, including regular screen-
ings, consults with health providers, and essential medical procedures, and
medications [32]. This is particularly useful in preventing or prolonging the
progression of a disease, including cognitive decline. Additionally, because
persons belonging to higher wealth quintiles may be better equipped to
cope with life stressors, and given the association between stress and cogni-
tion, the ability to mitigate the impact of life stressors may, in turn, protect
against cognitive decline. Prior studies, including a study based on Indian
older adults, do find a positive link between higher income and improved
cognitive performance [31–35].

Existing literature also directs attention to gender disparities in later life
cognitive health. In developing countries like India and China, studies have
found that older men outperform older women in terms of cognitive abili-
ties [34,35]. Conversely, in developed countries, gender differences are
minimal in terms of overall prevalence of cognitive impairment and demen-
tia [36,37]. SES appears to significantly contribute to the gender differences
in the prevalence of cognitive impairment in the elderly population [17].
Traditional cultural attitudes, gender socialization, constrained family fi-
nances, andmyriad other factors, including distance from school, lack of se-
curity in and outside school, and early marriage and child bearing have
limited the educational, employment, and income opportunities for
women, especially of older cohorts [38]. Gender disparity in socioeconomic
resources early in life, in turn, likely mean gender disparity in cognitive
resources in later life [39].

Only a handful of studies have explored the link between SES and cog-
nitive health among older adults in India. This is surprising given that cog-
nitive impairment, including dementia is an emerging pandemic in India.
Approximately 5.3 million older Indians have dementia and this number
is likedy to double by 2030 and triple by 2050 [40]. India also happens to
have a large proportion of individuals without formal education, a massive
informal economy with little to no assurance of social security in later life,
low economic mobility, and decentralized health care systems. Such social
and environmental conditions form fertile ground for cognitive impair-
ments among older Indians. Considering this, the purpose of the present
study is to examine the association between both separate and combined
SES risks and cognitive impairment among older adults in India. Further,
considering the existing gender disparities both, in later life cognitive
health [41], and in social and economic status and resources [42,43],
2

we assess the associations between SES and cognitive impairment sepa-
rately, for older men and women.

1.1. Working hypotheses

1) Education, wealth and paid work status of older individuals are posi-
tively associated with their cognitive abilities.

2) Older adults with a higher composite SES score have lower chances of
cognitive impairment.

2. Methods

2.1. Sample and data

Data come fromwave 1 of the Longitudinal Aging Study in India (LASI),
which was collected during 2017–18. LASI is a nationally representative
survey of over 72,000 community-dwelling individuals age 45 and above
across all states and union territories of India. The objective of this survey
was to investigate the health, economic, social, and psychological aspects
of population aging in India. The survey adopted a three-stage sampling de-
sign in rural and a four-stage sampling design in urban areas. Detailed infor-
mation on the survey design, sampling frame, and data collection is
published elsewhere and available in the LASI wave-1 Report [48]. The sur-
vey agencies that conducted the field survey for the data collection have
collected prior consent from the respondents. The Indian Council of Medi-
cal Research (ICMR) extended the necessary guidelines and ethics approval
for undertaking the LASI survey. The total sample size for the present study
is 31,464 older adults aged 60 years and above (men-15,098 and women-
16,366). However, 1438 individuals who received assistance during cogni-
tion module and 3851 respondents who had some missing information on
cognitive functions (total 5289 individuals) were dropped during the mul-
tivariable analyses (Fig. 1). Thus, the final sample for the multivariable
analysis was 26,175 older adults age 60 years and above.

2.2. Measures of variables

2.2.1. Outcome variable
LASI collected data on several different domains of cognition, including

memory, orientation, arithmetic functioning, and visuospatial
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constructional ability. The survey adapted these measures from the Mini-
Mental State Examination (MMSE) [45], the cognitive modules of the
Health and Retirement (HRS), the China Health and Retirement Longitudi-
nal Study (CHARLS), and the Mexican Health and Aging Study (MHAS)
[46,47]. Cognitive functions in the present study are based on the scoring
of the following cognitive sub-domains: immediate word recall (0–10
points), and delayed word recall (0–10 points); orientation related to time
(0–4 points), and place (0–4 points); arithmetic ability based on serial 7 s'
subtraction task (0–5 points), a task involving two computations (0–2)
and backward counting from 20 (0–2 points) [46,48]; visuospatial and con-
structional skills based on paper folding (folding a piece of paper according
to instructions) (0–3) and pentagon drawing (drawing intersecting circles)
(0–1); and object naming (0–2) [47]. The overall composite score ranges
between 0 and 43, with a higher score indicating higher cognitive function-
ing. The lowest 10th percentile is used as a proxymeasure of poor cognitive
functioning [48,49]. Respondents who had to rely on proxies to complete
the cognition moduel were excluded from the present study.

2.2.2. Explanatory variables
SESwas measured using respondents' educational status, paid work sta-

tus, and household wealth. Educational status was coded as no education/
primary not completed, primary, secondary and higher. Paid work status
was coded as never worked (for at least three months during lifetime), cur-
rently working, currently not working, and retired. The monthly per capita
consumption expenditure (MPCE) quintile was assessed using household
consumption data. Sets of 11 and 29 questions on the expenditures on
food and non-food items, respectively, were used to canvas the sample
households. Food and non-food expenditures have been standardized to
the 30-day reference period. The MPCE is computed and used as the sum-
mary measure of consumption [48]. The variable is then divided into five
quintiles i.e., from poorest to richest. These three important socioeconomic
components- educational status, paid work status, and the MPCE quintiles
were combined to derive a more robust composite SES risk score.

2.2.3. Other covariates
Age was coded as 60–69, 70–79, and 80+ years. Sex was coded as male

and female. Social engagement was measured using the following question
“Are you a member of any of the organizations, religious groups, clubs, or
societies? The response was coded as no and yes. Physical activity status
was coded as yes (that includes responses of ‘every day’, ‘more than once
a week’, ‘once a week’, ‘one to three times in a month’), and no to the fol-
lowing question: “How often do you take part in sports or vigorous activi-
ties, such as running or jogging, swimming, going to a health center or
gym, cycling, or digging with a spade or shovel, heavy lifting, chopping,
farm work, fast bicycling, cycling with loads”? Tobacco use and alcohol
consumption were recoded as yes or no [50].

Self-rated health was coded as good which includes excellent, very
good, and good whereas poor includes fair and poor [51].

Activities of daily living (ADL), which include daily self-care activities
(walking across a room, dressing, bathing, eating, getting in and out of
bed, and toileting) are used to measure functional limitations [52]. Diffi-
culty in ADL was coded as 0, 1, 2, and 3+ according to the number of dif-
ficulties. IADLs may not require hands-on–assistance, yet they are
instrumental in ensuring independent living and as such, “aging in place.”
Respondents were asked to indicate the difficulty they encounter when per-
forming the following seven activities: grocery shopping, preparing meals,
making phone calls, taking medication, doing household chores, managing
finances, and getting onself to otherwise unfamiliar location [53]. Difficulty
in instrumental activities of daily living (IADL) was recoded as 0, 1, 2, and 3
+ according to the number of difficulties.

Given the close ties betweenmental distress and cognition [54–56] The
probable major depression, among older adults with symptoms of dyspho-
ria, was calculated using the Short Form Composite International Diagnos-
tic Interview (CIDI-SF) with a score of 3 or more indicating a probable
diagnosis of depression. The CIDI-SF scale estimates a probable psychiatric
3

diagnosis of major depression and has been validated in field settings and
widely used in population-based health surveys [48].

Religion was coded as Hindu, Muslim, Christian, and Others. Given the
documented link between poorer health and lower SES among certain
castes [57] we also included respondent's self-reported social group, and
coded as Scheduled Tribe (ST), Scheduled Caste (SC), Other Backward
Class (OBC) and Others. Considering that a higher proportion of older
adults live in rural areas [58], place of residence is considered and was
coded as rural and urban. The regions of India were coded as North, Cen-
tral, East, Northeast, West, and South.

2.3. Models and data analysis procedure

We present descriptive statistics along with cross-tabulation of the out-
come variable in the study. Chi-square test was conducted to examine the
significance of the associations among the variables and p-values are
reported. Additionally, binary logistic regression analysis [59] was used
to establish the association between the outcome (cognitive impairment)
and explanatory variables.

The binary logistic regression model is usually put into a more compact
form as follows:

Logit P Y ¼ 1ð Þ½ � ¼ β0 þ β ∗ X

The parameter β0 estimates the log odds of cognitive impairment for the
reference group,while β estimates themaximum likelihood, the differential
log odds of cognitive impairment associated with a set of predictors X, as
compared to the reference group. The survey weights were applied during
the analysis to account for sample clustering and present population esti-
mates.

Binary logistic regression was run between SES risk factors and cogni-
tive impairment tofind out the unadjusted estimates. Further, threemodels
of logistic regression were employed to examine the adjusted associations
of each socioeconomic risk factor with cognitive impairment. Model 1
was adjusted for age, marital status, and living arrangement; Model 2 was
adjusted for behavioral factors (community involvement, physical activity,
tobacco use, and alcohol consumption); and Model 3 was additionally ad-
justed for health variables including SRH, functional difficulties of ADL
and IADL and depression as well as household/ community variables such
as religion, caste, place of residence, region.

For a better understanding of the associations betweenmultiple risk fac-
tors of SES and cognitive impairment, we combined education status, paid
work status, and household wealth status. We regressed the composite SES
risk score on cognitive impairment stratified by sex of the respondents. Sep-
aratemodels were run for total, male and female samples after adjusting for
age, marital status, living arrangements, community involvelment, tobacco
use, alcohol consumption, physical activity, SRH, functional difficulties of
ADL and IADL, depression, caste, religion, place of residence and regions.

Regression diagnostics such as mean variance inflation factor (VIF) and
the concordance statistic (c-statistic) or area under the receiver operating
characteristic curve (AUROC)were used to determine the validity of the as-
sumptions in the multivariable models. It was observed that there was no
multicollinearity and the mean VIF of less than two and c-statistic of more
than 0.8 suggested good fit models.

3. Results

Table 1 represents the socioeconomic profile of the older adults in India.
11.29% of the respondents were aged 80 years and above. A proportion of
38.37% of the respondents were not in a marital union and 5.68% lived
alone. Also, a proportion of 56.52% of older adults had no formal educa-
tion, 29.87% of the older adults were currently employed and 21.70%
were from the poorest and poorer MPCE quintiles. Also, a proportion of
72.7% of older women had no formal education, 22.49% belonged to the
lowest MPCE quintile and 46.82% reported having had no paid work his-
tory. The respective percentages in men were 38.6, 20.83, and 3.81%.



Table 1
Socio-economic and health profile of sample population (Column percent distribution), LASI, 2017–18.

Background factors Total (N = 31,464) Male (N = 15,098) Female (N = 16,366)

wc % wc % wc %

Age (in years)
60–69 18,974 (58.51) 8961 (57.82) 10,013 (59.13)
70–79 9101 (30.2) 4545 (31.14) 4556 (29.35)
80+ 3389 (11.29) 1592 (11.04) 1797 (11.52)

Marital status
Currently in union 19,920 (61.63) 12,398 (81.09) 7522 (44.06)
Not in union 11,544 (38.37) 2700 (18.91) 8844 (55.94)

Living arrangement
Alone 1622 (5.68) 365 (2.52) 1257 (8.53)
With spouse 6215 (20.33) 3739 (26.03) 2476 (15.19)
Others 23,627 (73.99) 10,994 (71.45) 12,633 (76.28)

Educational status
No education 16,889 (56.52) 5479 (38.6) 11,410 (72.7)
Primary 5840 (17.5) 3361 (22.36) 2479 (13.12)
Secondary/higher 8735 (25.98) 6258 (39.05) 2477 (14.18)

Working status
Never worked 8784 (26.43) 759 (3.83) 8025 (46.84)
Currently not working 10,990 (36.45) 5979 (40.88) 5011 (32.45)
Currently working 8997 (29.87) 6044 (42.05) 2953 (18.87)
Retired 2693 (7.25) 2316 (13.24) 377 (1.84)

Community involvement
No 28,888 (95.31) 13,558 (94.08) 15,330 (96.41)
Yes 2128 (4.69) 1289 (5.92) 839 (3.59)

Physical activity
No 21,653 (68.9) 9085 (59.08) 12,568 (77.65)
Yes 9545 (31.1) 5853 (40.92) 3692 (22.35)

Tobacco use
No 19,034 (59.83) 6511 (40) 12,523 (77.52)
Yes 12,178 (40.17) 8435 (60) 3743 (22.48)

Alcohol consumption
No 25,855 (85.41) 10,270 (71.97) 15,585 (97.4)
Yes 5364 (14.59) 4679 (28.03) 685 (2.6)

SRH
Good 23,685 (75.79) 11,691 (77.75) 11,994 (74.03)
Poor 7113 (24.21) 3087 (22.25) 4026 (25.97)

ADL1

0 24,642 (76.23) 12,293 (79.13) 12,349 (73.64)
1 2740 (9.61) 1172 (9.17) 1568 (10)
2 1459 (5.72) 541 (4.3) 918 (6.98)
3+ 2495 (8.45) 1008 (7.39) 1487 (9.39)

Background factors wc % wc % wc %

IADL2

0 17,449 (51.64) 9733 (61.16) 7716 (43.14)
1 3414 (10.94) 1631 (11.57) 1783 (10.39)
2 2442 (7.85) 968 (6.67) 1474 (8.9)
3+ 7990 (29.57) 2670 (20.61) 5320 (37.57)

Depression
No 28,482 (91.33) 13,757 (92.5) 14,725 (90.29)
Yes 2170 (8.67) 931 (7.5) 1239 (9.71)

MPCE quintile
Poorest 6484 (21.7) 3035 (20.83) 3449 (22.49)
Poorer 6477 (21.71) 3068 (21.32) 3409 (22.06)
Middle 6416 (20.95) 3064 (21.6) 3352 (20.35)
Richer 6170 (19.19) 2990 (19.22) 3180 (19.16)
Richest 5917 (16.45) 2941 (17.02) 2976 (15.93)

Religion
Hindu 10,313 (82.2) 4884 (82.04) 5429 (82.39)
Muslim 11,886 (11.3) 5781 (11.72) 6105 (10.88)
Others 9265 (6.5) 4433 (6.25) 4832 (6.73)

Caste
SC/ST 23,037 (27.1) 11,078 (26.5) 11,959 (27.5)
OBC 3731 (45.2) 1804 (45.86) 1927 (44.66)
Others 4696 (27.7) 2216 (27.63) 2480 (27.84)
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Table 1 (continued)

Background factors wc % wc % wc %

Place of residence
Urban 10,739 (29.45) 5021 (27.95) 5718 (30.82)
Rural 20,725 (70.55) 10,077 (72.05) 10,648 (69.18)

Region
North 5812 (12.59) 2799 (12.34) 3013 (12.81)
Central 4262 (20.95) 2155 (22.49) 2107 (19.57)
East 5757 (23.64) 2863 (24.59) 2894 (22.78)
Northeast 3752 (2.97) 1782 (2.9) 1970 (3.04)
South 7578 (22.68) 3546 (21.41) 4032 (23.83)
West 4303 (17.17) 1953 (16.28) 2350 (17.97)

Notes: The percentages are weighted to account for the population estimates and the counts are un-weighted; wc%:weighted column percentage; LASI:
Longitudinal Aging Study in India; SRH: Self-Rated Health; ADL: Activities of daily living; IADL: Instrumental activities of daily living.

1 Number of ADL difficulties.
2 Number of IADL difficulties; MPCE: Monthly per capita consumption expenditure.

49.09

38.97

11.54

0.4

8.53

48.29

35.81

7.37

0 1 2 3

Socioeconomic risk score

Male Female

Fig. 2. Percentage distribution of older adults by socioeconomic risk score, LASI, 2017–18. Notes: Socioeconomic risk score indicates the number of combined socioeconomic
risk factors (no formal education, lowest quintile of household wealth, and no lifetime formal jobs).
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The prevalence of number of socioeconomic risk factors among older
participants is presented in Fig. 2. A proportion of 48.29% of older
women had at least one risk factor compared to 38.97% of older men,
35.81% of older women had two risks compared to 11.54% of older men,
and 7.37% of older women had three risks compared to less than 0.4% of
their older male counterparts.
1.87

11.48

3.8

17.77

0 1

Socioeconomic

Male

Fig. 3. Prevalence of cognitive impairment by socioeconomic risk score among older pa
combined socioeconomic risk factors (no formal education, lowest quintile of household
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Fig. 3 presents the prevalence of cognitive impairment by socioeco-
nomic risk score among older participants. Older men and women with
the SES score of three had the highest prevalence of cognitive impairment
(23.51% and 30.71%, respectively) in this study, while older men and
women with zero SES risk had the lowest prevalence of cognitive impair-
ment (1.87% and 3.80%, respectively).
16.3

23.51

25.63

30.71

2 3

 risk score

Female

rticipants, LASI, 2017–18. Notes: Socioeconomic risk score indicates the number of
wealth, and no lifetime formal jobs).



Table 2
Bivariate estimates (prevalence/ row percentage) of cognitive impairment by back-
ground characteristics among older participants (n = 26,175), LASI, 2017–18.

Background variables Total Male Female p-value

wr % wr % wr %

Age (in years) <0.001
60–69 10.03 5.15 14.61
70–79 16.77 8.33 25.43
80+ 27.76 15.67 40.87

Marital status <0.001
Currently in union 9.68 6.42 15.23
Not in union 20.77 10.34 24.29

Living arrangement <0.001
Alone 19.07 5.70 22.83
With spouse 11.92 8.35 17.28
Others 13.73 6.77 20.03

Educational status <0.001
No education 23.28 15.79 27.13
Primary 5.80 4.38 8.03
Secondary/higher 0.86 0.97 0.60

Working status <0.001
Never worked 16.40 8.64 16.99
Currently not working 17.60 9.78 27.25
Currently working 9.98 6.46 17.53
Retired 2.24 1.59 6.76

Community involvement <0.001
No 14.12 7.48 20.45
Yes 5.24 2.12 10

Physical activity <0.001
No 15.7 8.37 21.12
Yes 9.50 5.45 16.54

Tobacco use 0.004
No 14.21 5.89 18.4
Yes 12.82 7.98 26.08

Alcohol consumption <0.001
No 14.17 6.47 19.77
Yes 10.63 8.90 31.96

SRH <0.001
Good 12.20 6.38 18.11
Poor 18.62 9.96 26.08

ADL1 <0.001
0 11.24 5.99 16.73
1 15.88 9.27 22.01
2 19.14 8.42 25.49
3+ 33.44 18.62 44.27

Background variables wr % wr % wr % p-value

IADL2 <0.001
0 8.43 4.0.70 13.56
1 10.66 5.68 15.90
2 13.19 7.96 16.85
3+ 25.84 16.40 30.65

Depression <0.001
No 13.23 7.15 19.32
Yes 18.26 6.99 26.56

MPCE quintile <0.001
Poorest 18.55 9.81 26.56
Poorer 15.75 8.53 22.74
Middle 12.46 5.97 18.97
Richer 10.88 6.06 15.66
Richest 9.81 5.05 14.66

Religion 0.107
Hindu 13.37 6.89 19.66
Muslim 14.62 7.53 22.09
Others 15.72 9.61 21.40

Caste <0.001
SC/ST 19.74 11.53 27.73
OBC 12.03 5.85 18.12
Others 10.80 5.24 16.17

Place of residence <0.001
Urban 6.69 2.40 10.30
Rural 16.67 8.97 24.70

Region <0.001
North 13.02 5.84 20.04
Central 14.27 8.51 20.8
East 14.78 7.26 22.97
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Table 2 presents the prevalence of cognitive impairment among older
adults in India. A proportion of 7.14% of the older men and 20.03% of
older women had cognitive impairment in the study. A total of 23.28% of
older adults without any formal education, 16.40% of older adults without
any paidwork history, and 18.55%of those from the poorestMPCEquintile
reported cognitive impairment.

Table 3 represents the logistic regression estimates of cognitive impair-
ment among older adults. After controlling for age, marital status, living ar-
rangements, community involvelment, tobacco use, alcohol consumption,
physical activity, SRH, functional difficulties of ADL and IADL, depression,
caste, religion, place of residence and regions, the odds of cognitive impair-
ment were 6.54 and 6.59 times higher among older men [AOR: 6.54, CI:
4.95–8.64] and women [AOR: 6.59, CI: 4.90–8.86], respectively, with no
formal education relative to their peers with primary or higher education
(unadjusted model). Older women, without any prior or current employ-
ment, had significantly reduced odds of cognitive impairment [UOR:
0.69, CI: 0.59–0.81] compared to their counterparts with paid work experi-
ence, and the significance was retained even after controlling for conceptu-
ally relevant covariates mentioned above. The odds of cognitive
impairment were significantly higher among older men [AOR: 1.57, CI:
1.22–2.03] and women [AOR: 1.62, CI: 1.38–1.90] in households of the
lowest MPCE quintile relative to their peers in higher household MPCE
quintiles (unadjusted model). Although the magnitude of the effect size
tended to decrease upon addition of potential confounders, the association
between household MPCE quintiles and cognitive impairment remained
statistically significant in the adjusted model.

Table 4 represents the multiple SES risk factors shown as a composite
risk score associated with cognitive impairment among older adults. The
odds are adjusted for age, marital status, living arrangements, community
involvelment, tobacco use, alcohol consumption, physical activity, SRH,
functional difficulties of ADL and IADL, depression, caste, religion, place
of residence and regions (Supplementary, Table S1). Higher SES risk
score substantially increased the odds of cognitive impairment in older
ages among both, men and women. In older men, the likelihood of cogni-
tive impairment was 5.34, 7.14, and 13.05 times higher with one, two,
and three risk factors, respectively, compared with peers with no risk expo-
sure. A similar patternwas observed for olderwomen, thoughwith compar-
atively lower odds.

4. Discussion

The purpose of the present study was to examine the association be-
tween separate and combined socioeconomic risks and cognitive impair-
ment in older Indians aged 60 years and over. As expected both separate
and combined socioeconomic risks were adversely associated with cogni-
tive functioning. And both older men and womenwith the greatest number
of socioeconomic risks were the most vulnerable to cognitive impairment.

Consistent with previous studies, including ones based on samples of
older Indians [20,60–62], our study found a significant positive association
between education and cognitive functioning for both, older men and
women. Education may develop neural networks, which strengthen resil-
ience to brain neurodegeneration [63–66], and facilitate cognitive func-
tions by promoting cognitive reserve [29,67] which recruits existing and/
or alternative neural networks to compensate for the neuropathological
processes [29,67]. Aside from the neurological mechanisms, higher educa-
tion also is linked with more positive views of science, more health knowl-
edge and health promoting behaviors, and fewer risky health activities
[68,69], all of which reduce the risk of chronic health conditions and in-
crease the odds of higher cognition [70–74].

Given that income and household wealth are significantly associated
with household-level consumption [75], we used the mean MPCE quintile
as the proximate measure of household wealth. Few have investigated the
effects of household wealth on cognitive health. In our study, we found
that MPCE quintiles are significantly linked with cognition for both men
and women. This matches findings in the limited body of research that
6



Table 4
Logistic regression analysis of the association of multiple socioeconomic risk factors
with cognitive impairment (adjusted odds ratio) among participants, LASI,
2017–18.

Risk
score*

Total, n = 26,175 Male, n = 13,126 Female, n = 13,049

AOR (95% CI) AOR (95% CI) AOR (95% CI)

0 Ref. Ref. Ref.
1 6.132*** (4.840–7.769) 5.344*** (3.949–7.233) 4.728*** (3.034–7.368)
2 9.598*** (7.522–12.25) 7.139*** (5.011–10.17) 7.002*** (4.488–10.92)
3 13.77*** (9.918–19.13) 13.05*** (5.463–31.18) 9.347*** (5.691–15.35)

Notes: LASI: Longitudinal Aging Study in India; * Risk score indicates the number of
combined SES risk factors (no formal education, lowest quintile of householdMPCE
and no lifetime formal jobs); The analysis is adjusted for all the socio-demographic,
behavioral and health variables mentioned in Table 3.

Table 2 (continued)

Background variables wr % wr % wr % p-value

Northeast 15.35 8.48 22.19
South 10.97 6.52 14.70
West 15.02 6.44 22.27

Total 13.66 7.14 20.03

Notes: The percentages are weighted to account fo ther population estimates; wr%:
weighted row percentage; LASI: Longitudinal Aging Study in India; p-values are
based on Chi-square test; SRH: Self-Rated Health; ADL: Activities of daily living;
IADL: Instrumental activities of daily living.

1 Number of ADL difficulties.
2 Number of IADL difficulties;MPCE:Monthly per capita consumption expenditure.
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has reported that wealth is more consequential for later life cognition than
income for both, men and women [15,76,77]. Wealth becomes an increas-
ingly important indicator of SES with age, given that education typically is
acquired much earlier in the life course, employment may also become a
distant experience for many, and income may be relatively unstable and
may not necessarily account for the overall financial solvency among
older adults [78,79].

In terms of work status, interestingly, we observed lower odds of cogni-
tive impairment for older women without any current or prior paid work
experience and this was both, in unadjusted and fully adjusted models.
This is surprising because paidwork, which is a source of not just economic
assets, but social (e.g. social support) and psychological resources
(e.g., mastery and self-esteem) [80], improves mental health [81], which
ultimately is consequential for cognitive functioning. That said, employed
women often are facedwithwork-family conflict given the often competing
demands attached to paid work and their roles as spouse, parent, and care-
giver [82–85]. Given gender socialization, Indian women often shoulder
the responsibility of providing direct care to their parents and parents-in-
laws [86]. Not to mention, most women continue to do the bulk of kin-
keeping, including offering emotional and instrumental support for adult
offsprings [87,88]. As such, older women without current or prior employ-
mentmay have dodged the bullet in terms of work-family conflict andwork
stress, whichmayhave rendered themwith lower odds of cognitive deficits.
Nevertheless, this finding is somewhat counterintuitive. It is possible that,
though not consequential for objective cognitive functioning, the cogni-
tive health relevance of paid work status and experience for older
women may be captured through “subjective” appraisals of their cogni-
tive performance (especially, short-term memory). To that end, one
direction for future exploration would be to assess gender differentials
in the association between paid work status and “subjective” cognitive
health. In fact, increasing research has emerged on subjective cognitive
functioning [89] and decline [90].

In contrast, non-working men are report cognitive impairment, al-
though, the association was insignificant. Kim et al. in their recent study
also failed to find a statistically significant association between work status
and cognitive impairment among men [13]. It is difficult to explain this
finding, but we speculate that the association between employment and
cognition is muddier and work characteristics may help clarify the
Table 3
Logistic regression estimates of cognitive impairment with socioeconomic risk factors b

Socioeconomic risk factors Unadjusted AOR

Mod

Male Education- No 8.393*** (6.447–10.93) 7.95
MPCE Quintile- Poorest 1.574*** (1.221–2.029) 1.63
Work status- Never worked 1.251 (0.726–2.154) 1.21

Female Education- No 8.920*** (6.797–11.71) 8.57
MPCE Quintile- Poorest 1.621*** (1.380–1.903) 1.62
Work status- Never worked 0.694*** (0.592–0.813) 0.65

Notes: LASI: Longitudinal Aging Study in India; Model 1 is adjusted for age, marital sta
involvement, physical activity, tobacco use, and alcohol consumption); Model 3 is add
and IADL and depression as well as household/ community variables such as religion, c
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complexities surrounding it. For instance, white-collar jobs with higher oc-
cupational prestige, flexible hours, creative freedom, low supervision, sup-
portive colleagues, and lower work stress may protect against chronic
distress over time, maintaining cognitive health [91]. Poorwork conditions
and low occupational prestige, alternatively, may lead to cognitive distress
[59]. Future researchwith longitudinal data that support such an investiga-
tion intowork characteristics is needed tomake amore definitive statement
on the link between paid work and later life cognition. Our findings offer
the springboard for such a future endeavor.

Our work also supports the evidence suggestive of an aggregate or cu-
mulative effect of socio-economic risk factors on cognitive impairment
among older adults [16,92]. Simply put, those who endure multiple socio-
economic insults also endure the highest risk of cognitive deficit later in
life; and this is consistent with what other studies find [31,93,94]. Further,
the stronger association of higher SES risk score with increased risk of cog-
nitive impairment is more pronounced among older women thanmen. Cus-
tomary gender roles and gender-based unequal investments in the human
capital of children have caused older cohorts of women in India to amass
noticeably fewer socioeconomic resources relative to their older male
peers [95]. Such gender disparities, in consequence, may contribute to cog-
nitive health disparities in later life. Therefore, in a poor and gender-
stratified society like India, policy interventions targeting the vulnerable
populations and educating them could have a profound effect on the future
prevalence of cognitive impairment.

The present study has several strengths. First, the study population
consisted of a large, nationally representative sample of older persons age
60 years and above. Second, unlike previous studies that either only assess
separate or composite measures of SES, we rely on both given that there
are advantages and disadvantages associated with both approaches. Sepa-
rate measures are easier to interpret and different measures of SES may op-
erate in different ways [96], but they may not offer a complete SES profile.
Composite measures of SES may provide a more complete picture of an in-
dividual's economic capacity, yet they fail to account for the uniqueness as-
sociatedwith each individual dimension of SES. Our approach pays heed to
prominent scholars of the present century who suggest broadening howwe
measure economic development, growth, and even mobility to truly deci-
pher the connections between social inequities and health [97,98] Third,
y sex among older participants (n = 26,175), LASI, 2017–18.

(95% CI) AOR (95% CI) AOR (95% CI)

el 1 Model 2 Model 3

0*** (6.089–10.38) 7.751*** (5.914–10.16) 6.537*** (4.945–8.641)
5*** (1.273–2.101) 1.556*** (1.211–1.999) 1.404** (1.083–1.820)
2 (0.684–2.148) 1.346 (0.756–2.394) 1.148 (0.595–2.215)
0*** (6.465–11.36) 8.507*** (6.408–11.29) 6.588*** (4.901–8.855)
4*** (1.356–1.946) 1.602*** (1.338–1.917) 1.498*** (1.252–1.792)
7*** (0.556–0.776) 0.658*** (0.558–0.775) 0.845* (0.713–1.002)

tus, and living arrangement; Model 2 is adjusted for behavioral factors (community
itionally adjusted for health variables including SRH, functional difficulties of ADL
aste, place of residence, region.
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we utilized the otherwise underutilizedmeasure of household wealth using
detailed measures of household expenditures. This is important given that
household wealth is a more reliable measure of SES among older adults
[79], especially in LMICs, like India. Lastly, we were able to adjust for var-
ious conceptually relevant health and behavioral covariates and socio-
demographic factors contributing to a more robust analysis on the associa-
tion between SES risks and cognition in later life.

4.1. Study limitations

These contributions, however, need to be considered in light of several
limitations. First, the cross-sectional design of the study precludes us from
making any causal or temporal inferences. Second, although it may be less
of a problem in the case of educational level, reverse causation, especially
pertaining to characteristics of household wealth and older adults' lifetime
work status, is plausible. Third, our study does not assess work conditions
and occupational status (e.g., prestige), both of which would offer a de-
tailed glimpse into the association between work and cognition among
older adults. This may be a worthwhile direction for future research, so
would examining paid work histories and their impact of cognitive health.
On one hand, multiple employment transitions, especially, moving across
industries, could lead to tremendous stress, which could hurt cognitive
health over time. On the other hand, new jobs, which may mean learning
new skills, new tasks, and meeting new people, could trigger intellectual
and sensory stimulation, positively shaping cognitive functioning.
Assessing life long experiences related to paid work may, in fact, shed
more light on the complexities in the linkages between work, occupations,
careers and cognition [99]. Finally, our study is limited to themore conven-
tional measures of SES. A worthwhile undertaking for future research
would be to broaden the measurement of SES, to include environmental
disadvantages (e.g., air pollution) and neighborhood adversities
(e.g., disproportionate instances of covid-19 pandemic), in gauging social-
structural inequities in cognitive health [100–102].

5. Conclusion

Although it remains a widely accepted empirical fact that SES is a “fun-
damental cause” of health, much remains to be discovered about how vary-
ing components of SES either similarly or differentially operate to generate
patterns of morbidity andmortality. An inquiry of this nature is missing, es-
pecially, in LMICs, such as India. Our study, while not a definitive state-
ment, offers a springboard for future work on SES related inequities in
cognitive health among older Indians. The present study adds new insight
to the existing literature on the combined effects of SES risk factors on cog-
nitive impairment in community-dwelling oldermen andwomen.Morover,
the findings highlight the importance of taking into account different and
distinct measures of SES in identifying the most vulnerable older adults
and planning gender specific interventions to improve cognitive health in
late life. These findings underscore the need to distinguish between varying
elements of SES to construct “upstream” health policies, programs, and in-
terventions that redistribute resources and improve later life cognitive
health.
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