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How much of the female
disadvantage in late-life cognition
in India can be explained

by education and gender inequality

Urvashi Jain', Marco Angrisani??, Kenneth M. Langa“*$, T. V. Sekher” & Jinkook Lee?3*

In social environments characterized by high levels of gender inequality, women fare worse than men
in human capital accumulation and health. We examine the association of gender inequality with
female disadvantage in late-life cognitive function, using newly available data from Wave 1 (2017-
2019) of the Longitudinal Aging Study in India (LASI), representative of the Indian population over
the age of 45. We find a substantial female gap in cognition among mid-aged and older adults in India;
early life socioeconomic conditions and education explain up to 74 percent of the female disadvantage
in cognition, and model predictions suggest that it takes nine years of education on average to
overcome this deficit. However, further contextualizing the environment, we find that the level of
education at which differences in late-life cognition between women and men become negligible
increases with the degree of gender inequality.

In environments characterized by high levels of gender inequality, women fare worse than men in human capital
accumulation and health!~>. In this paper, we examine the female disadvantage in late-life cognitive functioning
and its association with gender inequality. Prior studies have documented the existence of gender disparities in
late-life cognition in India*™®, China”® and other developing countries™!?, but not in more developed economies,
where older women perform no worse or even better than older men on cognitive testing!'?. The difference
in educational attainment between men and women has been proposed as an important contributor to the
observed gender gap in late-life cognition in developing countries, and as a possible explanation for why such
a gap is negligible in developed countries where men and women have attained similar levels of education!*!*.
Educational attainment typically expands with economic development leading to a decrease in educational gender
disparities'. For instance, Lei et al.” found that educational expansion has benefited women more than men in
China, contributing to a decreased gender gap in cognition in younger cohorts compared to older cohorts. India
presents an interesting case study, as the female gap in late-life cognition remains largely unaccounted for even
after controlling for education'®".

In this study, we document the extent to which older Indian women are at a disadvantage in cognitive
functioning compared to their male counterparts. We rely on a large and representative sample of the Indian
population over the age of 45. We utilize geographic variation across India in gender inequality to examine the
relationship between macro-level gender inequality and cognition, controlling for a wide range of individual-
level characteristics. While previous research has found significant association between country-level gender
inequality and female disadvantage in late-life physical health (as measured by the onset of limitations with
Activities of Daily Living (ADL)'$, most of the countries examined fare better than India in terms of gender
equality. Moreover, cross-country analyses may mask within-country differences in gender inequality, which we
are able to capture with our data collected across the entire Indian nation. Within India, significant cross-state
variation in gender inequality has been documented, evidenced by heterogeneity in imbalanced sex ratios'?,
gender discrimination®, and in differences in educational attainment by gender across areas’. In this paper, we
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‘Women Men

(N=29,660) | (N'=26,048)

Mean |SD |Mean |SD | Difference
Age
45-49 021 |0.41 0.20 | 0.40 |0.01***
50-54 0.17 |0.38 0.17 037 |0
55-59 0.16 |0.37 0.15 |0.35 |0.01***
60-64 0.16 |0.36 0.15 {036 |0
65-69 0.13 |0.34 0.14 | 035 | —-0.01***
70-74 0.08 |0.27 0.09 029 |-0.01***
75-90 0.09 ]0.29 0.10 | 0.30 | —0.01***
Levels of education
None 0.62 | 0.49 0.31 |0.46 |0.30%**
Less than primary 0.10 |0.29 0.13 | 0.34 | —0.04"*
Primary completed 0.11 |0.31 0.15 | 0.36 | —0.04***
Middle school 0.07 |0.25 0.13 |0.33 | -0.06***
Secondary school 0.06 |0.23 0.12 | 0.33 | —0.07***
Higher secondary & above 0.06 |0.23 0.15 |0.36 | —0.09"**
Father attended any school 0.27 |0.44 0.29 |0.45 |—-0.02%*
Height (cm) 150.01 |6.47 |162.33 |6.89 |—12.33%**
Religion
Hindu 0.76 |0.43 0.76 |[043 |0
Muslim 0.09 |0.29 0.09 [029 |0
Others 0.15 | 0.36 0.15 [0.36 |0
Caste
General 0.27 |0.44 0.27 |0.44 |0
Scheduled caste/scheduled tribe 0.33 | 0.47 0.33 047 |0
Other backward castes 0.40 |0.49 040 1049 |0
Rural 0.67 |0.47 0.67 |0.47 |-0.01*
Region
North/east/northeast 0.43 |0.49 0.41 |0.49 |0.02%**
South/centre/west 0.57 | 0.49 0.59 |0.49 |-0.02**

Table 1. Summary statistics. Data source Longitudinal Ageing Study in India (LASI), 2017-2019. All statistics
are weighted. **p<0.01, **p <0.05, *p<0.1.

quantify gender differences in late-life cognition and relate them to the socio-cultural context faced by individu-
als, focusing explicitly on the degree of gender discrimination across states.

Results

Gender differences in education and late-life cognition. Table 1 presents the sample summary sta-
tistics for all the variables used in the analysis, separately for men and women. The most striking difference by
gender is observed for educational attainment, with 62 percent of the women never having attended any school
compared with 31 percent of sampled men. The fraction of women at old ages is slightly larger than that of men,
reflecting longer life expectancy.

In Fig. 1a, we present the distribution of a general cognitive factor score by gender, separately for individuals
with no formal education and for those with some schooling. The score distribution for men is to the right of
that for women, indicating a systematic female gap in cognitive function, which is more pronounced within the
sub-sample of individuals who never attended school.

Figure 1b shows cognitive function stratified by gender, schooling, and age; while cognitive test score declines
monotonically with age, gender differences persist across all age groups. Within the sub-sample of individuals
with no formal education, the female gap in cognition becomes slightly wider after age 70. This may stem from
differential mortality by innate ability and gender. Since men have lower life expectancy than women and higher
ability individuals tend to live longer, in older cohorts surviving men would have higher ability than surviving
women. Among individuals with some schooling, the female gap in late-life cognition is somewhat narrower
within younger than older cohorts, plausibly reflecting a narrower female gap in educational attainment. Our
descriptive analysis reveals substantial gender differences in late-life cognitive ability even after controlling for
education and age. We therefore analyze the extent to which, in the Indian context, the observed female gap
within groups is associated with the degree of gender discrimination faced by women in the place where they live.
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a. Distribution of cognition by gender and schooling.
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standardized cognition factor score

& N & & & & &
% % <% % % % &
Age group
Women: no school ————- Women: some school
"""""" Men: no school v Men: some school

Source: Longitudinal Ageing Study in India, 2017-19
b. Cognition by gender, schooling and age.

Note: Some school consists of the following education levels: less than primary, primary completed,
middle school, secondary school, to higher secondary & above.

Figure 1. (a) Distribution of cognition by gender and schooling. (b) Cognition by gender, schooling and age.

Gender inequality index and its association with gender difference in cognition at state
level. Figure 2 presents the state-level Gender Inequality Index (GII), a composite measure that quantifies
inequalities women face in reproductive health, empowerment, and labor market?, (the state-level score for
each component is also reported in Supplemental Table S1). The GII ranges from 0 to 1, with higher values indi-
cating greater gender inequality. Across the states for which the GII can be computed, Himachal Pradesh and
Kerala exhibit the lowest value (0.45), while Bihar the highest (0.73). To put these numbers in context, we notice
that, using the exact same definition, the GII for Mexico and Sweden are 0.40 and 0.05, respectively’®.

Figure 3 shows the relationship between gender inequality across Indian states and gender difference in
cognition (adjusted for age). It indicates that the female disadvantage worsens as the degree of gender inequality
in the state of residence increases.
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State-level Gender Inequality Index in India
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AN: Andaman & Nicobar Islands; AP: Andhra Pradesh; AR: Arunanchal Pradesh; AS: Assam; BR: Bihar;
CH: Chandigarh; CT: Chhattisgarh; DH: Dadara & Nagar Haveli; DD: Daman & Diu; DL: Delhi; GA: Goa;
GJ: Gujarat; HR: Haryana; HP: Himachal Pradesh; JK: Jammu & Kashmir; JH: Jharkhand; KA: Karnataka;
KL: Kerala; LD: Lakshadweep; MP: Madhya Pradesh; MH: Maharashtra; MN: Manipur; ML: Meghalaya;
MZ: Mizoram; NL: Nagaland; OD: Odisha; PY: Puducherry; PB: Punjab; RJ: Rajasthan; SK: Sikkim;

TN: Tamil Nadu; TG: Telangana; TR: Tripura; UP: Uttar Pradesh; UT: Uttarakhand; WB: West Bengal.

Figure 2. State-level Gender Inequality Index. Regions of India are defined as follows—North (Jammu and
Kashmir, Himachal Pradesh, Punjab, Uttarakhand, Haryana, Delhi, Rajasthan, and Uttar Pradesh); East (Bihar,
Jharkhand, West Bengal, Odisha); Northeast (Arunachal Pradesh, Nagaland, Manipur, Mizoram, Tripura,
Meghalaya, Assam); Centre (Chhattisgarh, Madhya Pradesh); West (Gujarat, Maharashtra, Goa); South (Andhra
Pradesh, Karnataka, Kerala, Tamil Nadu, Puducherry, Telangana). The map in figure was generated by the
authors using Stata, version 17.0. (https://www.stata.com).

In Table 2, we provide a comprehensive set of men-women comparisons in the entire sample and by age,
education, early life socio-economic background, religion, caste, and place of residence. Overall, women’s cog-
nition factor score is significantly lower than men’s by 0.68 standard deviation. As shown already in Fig. 1b, the
female gap persists across age groups, although it is lower among younger than older cohorts. Gender differences
in cognitive health are highest among individuals with no schooling and decline with educational attainment,
becoming statistically insignificant within the group with at least higher secondary education. There is also vari-
ation by region, with south, central, and western regions exhibiting substantially lower levels of gender difference
compared to the north, east and northeast regions. Confirming the pattern in Fig. 3, we observe that the female
disadvantage in late-life cognition is significantly more pronounced in states characterized by relatively higher
levels of discrimination against women.

Scientific Reports |

(2022) 12:5684 | https://doi.org/10.1038/s41598-022-09641-8 nature portfolio


https://www.stata.com

www.nature.com/scientificreports/

Gender difference in cognition (women — men)

AsA
vr A
] rIA HA
e A uTA ;A oA
cTA R A R A
B A
- R oA WB
: MH py A -
ARA
7 3
N A NL A
MN A
v pB A
kLA Mz A
ML A
| | | | | | |
4 45 5 55 .6 .65 7
Gender Inequality Index
A gcatter — linear fit

AP: Andhra Pradesh AR: Arunachal Pardesh AS: Assam BR: Bihar CT: Chhatisgarh DL: Delhi GA: Goa GJ: Gujarat HR: Haryana

HP: Himachal Pradesh JH: Jharkhand KA: Karnataka KL: Kerala MP: Madhya Pradesh MH: Maharashtra MN: Manipur ML: Meghalaya
MZ: Mizoram NL: Nagaland OD: Odisha PY: Puducherry PB: Punjab RJ: Rajasthan TN: Tamil Nadu TG: Telangana TR: Tripura

UP: Uttar Pradesh UT: Uttarakhand WB: West Bengal

Figure 3. State-level gender inequality and average gender difference in cognition (age-adjusted).

Independent factors explaining gender differences in late-life cognition. 1t is apparent from
Table 2 that several factors, which are plausibly correlated with each other, contribute to determine how older
Indian women fare in terms of cognitive health compared to their male counterparts. To isolate the independent
contribution of these factors to the observed female gap in late-life cognitive health, we rely on the multivariate
regressions presented in Table 3, examining in particular the coefficient on female (in reference to male), with
the full set of regression coefficients available in Supplemental Table S2. As can be seen in the first column of
Table 3, conditional on age, the estimated female disadvantage in cognition compared to men amounts to 0.64
standard deviation of the cognition factor score.

The results in the second column of Table 3 reveal that, while significantly correlated with the average level
of cognitive ability in the population, the indicators of caste, religion, father’s education, urbanicity, and region
of residence do not explain the difference in cognition score between women and men. In contrast, adding the
logarithm of height as a proxy for early-life nutrition (column 3 of Table 3) reduces the conditional female gap
to 0.40, representing a nearly 38% reduction from the initial point estimate of 0.64. When we add the level of
education to the set of explanatory variables (column 4 in Table 3), the estimated female gap decreases further
to 0.17. Hence, educational attainment independently explains 36% of the difference in cognition score between
women and men.

Finally, in the last column of Table 3, we augment the set of regressors with the state-level GII, which does not
lead to a further reduction in the estimated female gap in cognitive ability to a considerable extent. In view of this
finding, it is worth revisiting the positive relationship between the female disadvantage in cognitive health and
the GII shown in Fig. 3. Such positive relationship plausibly stems from the fact that in states characterized by
greater gender discrimination, women achieve lower levels of education, which in turn is associated with lower
levels of cognitive functioning compared to men. Once educational attainment (as well as other demographics)
is accounted for, there is no evidence that the difference between women’s and men’s cognition varies with the
degree of gender inequality at the state level. We should note, however, that a state-level GII may mask hetero-
geneity across areas and poorly reflect the actual degree of gender discrimination experienced by individuals
(we will return to this point in the discussion section). Overall, our model explains about three quarters of the
observed female gap in cognition among older Indian adults. A quarter of the existing difference in late-life
cognitive functioning between women and men remains unexplained and appears to be unrelated with the
macro-level of gender discrimination as measured by our state-level GII.
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‘Women Men

Mean |SD |Mean |SD | Difference
Full sample -0.37 1096 |0.31 0.92 | —0.687%%
Age 45-49 0 0.93 |0.58 0.85 | —0.58***
Age 50-54 -0.15 1095 |0.44 0.86 | —0.59***
Age 55-59 -026 |09 0.34 0.88 | —0.60***
Age 60-64 -039 |09 0.24 091 | -0.63***
Age 65-69 -0.55 1089 |0.13 0.92 | -0.68***
Age 70-74 -0.78 10.86 |-0.03 |0.95 |-0.75%*
Age 75-90 -1.08 |09 =029 097 |-0.79"*
Education level
No school -0.74 10.77 |-0.33 |0.78 |—0.41"*
Less than primary -0.2 0.75 |0.14 0.75 | —0.34%**
Primary completed 0.26 0.73 | 047 0.71 | —0.21%%*
Middle school 0.59 0.67 |0.7 0.66 | —0.22%**
Secondary school 0.87 0.66 |0.92 0.64 | -0.05
Higher secondary & above 1.2 0.68 |1.17 0.63 | 0.03%*
Father’s education
No school -0.57 10.88 |0.12 0.9 = 0.69***
Some school 0.24 096 |0.81 0.8 —0.57*%**
Religion
Hindu -0.37 096 |0.31 0.94 | -0.68***
Muslim -047 088 |0.31 0.85 | —0.78%**
Others -024 |1.04 |0.33 091 | —0.57*%**
Caste
General -0.09 099 |0.57 0.86 |- 0.66***
Scheduled caste/scheduled tribe | —0.67 | 0.87 |0 0.92 | —0.67%%
Other backward castes -035 095 |0.35 091 | -0.70%**
Urban 0.08 0.99 |0.71 0.82 | —-0.63***
Rural -0.59 |0.87 |0.12 091 | —0.71%**
Region
South/centre/west -029 |1.01 |0.33 0.96 |-0.62***
North/east/NE -045 |091 |0.29 0.89 | —0.74***
Lower gender inequality states” -025 | 1.01 |0.36 093 | -0.61***
High gender inequality states” -049 |09 |0.28 0.88 | —0.77%%*

Table 2. Gender differences in cognition factor score among adults aged 45 and older in India. Data source
Longitudinal Ageing Study in India (LASI), 2017-2019. All statistics are weighted. “Lower gender inequality
states are those in the bottom quartile of the state-level gender inequality index (GII), high gender inequality
states have GII in the top quartile. **p <0.01, **p <0.05, *p<0.1.

Gender differences in the protective effect of education on cognition. Given the prominent role
played by education in shaping the cognition female gap, we explore whether the protective effect of education
varies by gender. Hence, we estimate our richest model (the one in the last column of Table 3), adding an interac-
tion term between gender and education, allowing us to compute the additional advantage, if any, that education
might confer on women’s cognition compared to men (these estimates are available in Supplemental Table S3).

Figure 4 presents the cognition score predicted by these estimations at different levels of education, separately
for women and men. For both genders, cognitive function increases monotonically with educational attainment.
However, the marginal increase in cognition score for each additional level of education is generally larger for
women than for men. Because of this pattern, the female gap at lower levels of education narrows progressively
and becomes negligible in size and statistically indistinguishable from zero at middle school completion. At the
highest level of education, our model predicts women’s cognition scores to be higher by 0.1 standard deviation
compared to that of men. These findings plausibly stem from the role of education as a protective factor for late-
life cognitive health and selectivity. Our empirical evidence suggests that, in the context of India, where women
have been exposed to fewer cognitive stimuli than men through social and labor activities, it takes at least middle
school for the female gap in late-life cognitive ability to be overcome. Precisely because inequality of opportuni-
ties by gender has been pervasive in India, it is likely that women who completed higher levels of education are
a more selected group (e.g., they have higher ability, on average). This, in turn, may contribute to why the gap in
cognitive score between women and men narrows as educational attainment increases. Both of these mechanisms
are seemingly related to the degree of gender discrimination experienced by older Indian women.
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Model 2: add early-life SES, | Model 3: add early-life Model 5: add gender

Model 1: gender and age | region nutrition Model 4: add education | inequality

1) (2) (3) 4) (5)
Variables Dependent variable: cognition factor score
Gender (reference group: male)
Female - 0.64*** (0.01) —0.63*** (0.01) —0.40*** (0.01) —0.17%**(0.01) —0.16*** (0.01)
Region (reference group: south/west/centre)
North/east/northeast —0.06*** (0.01) —0.05***(0.01) —0.03***(0.01) —0.11%**(0.01)
Log (height) 2.88**% (0.08) 1.94%%% (0.07) 2.03***(0.07)
Education level (reference group: no school)
Less than primary 0.45%%* (0.01) 0.45%%* (0.01)
Primary completed 0.76*** (0.01) 0.77°%* (0.01)
Middle completed 0.95%** (0.01) 0.96*** (0.01)
tS;)cnondary school/matricula- 1155 (0.01) 1.16%* (0.01)
Higher secondary & above 1.354%* (0.01) 1.354** (0.01)
Gender inequality index 0.94%* (0.05)
Observations 55,708 55,708 55,708 55,708 55,708
R-squared 0.19 0.34 0.35 0.51 0.51

Table 3. Multivariate regression estimates. Data source Longitudinal Ageing Study in India (LASI), 2017-
2019. All estimates are weighted. Covariates in Model 1 are gender and age groups. Additional covariates in
Model 2 are caste (two groups indicating SC/ST/OBC or general), religion (three groups indicating Hindu,
Muslim, or other religions), whether respondent’s father attended any school, residence in rural versus urban
area, and region of residence in India (two groups indicating whether state of residence is in South/West/
Centre or North/East/Northeast). Model 4 further controlled for logged value of respondent’s height. Model
5 adds individual’s highest education level, Model 6 adds state-level value of gender inequality index (GII).
OLS estimates of coefficients on age, caste, religion, father’s schooling, rural residence, and the constant are
not reported in this table but are available in supplementary material under Table S2. Standard errors in
parentheses. ***p <0.01, **p <0.05, *p <0.1.

In view of this last observation, we investigate to what extent the differential protective effect of education by
gender varies with the broad socio-cultural environment where individuals live. For this purpose, we estimate a
model like the one in column 5 of Table 3 adding a triple interaction between gender, education, and an indicator
for regions characterized by different degrees of gender-based discrimination (refer to Supplemental Table S3 for
the full model). Specifically, we compare the South, Center, and West region, where gender inequality has been
relatively less pronounced over the years, and the North, East, and Northeast region, where gender inequality
has been historically more marked. We then predict cognition scores by gender at different levels of education,
separately for these two regions. The results of this exercise are in Fig. 5a and reveal a very striking pattern (the
results of a similar exercise using the triple interaction between gender, education and the urban/rural indicator
are provided in Supplemental Figure S1). In the South, Center, and West region, the female gap in cognition score
is negligible and not statistically significant at completion of primary school. After that, women fare systemati-
cally better than men in terms of cognitive functioning at each level of education. In contrast, within the North,
East, and Northeast region, completion of secondary school is necessary before the female gap in cognition score
becomes negligible. Moreover, there is no apparent female advantage at higher levels of education.

To better capture the degree of gender discrimination across areas, we perform an additional regression with
the triple interaction between gender, education and a binary variable for whether a state is in the bottom or
top quartile of the GII (see Supplemental Table S3 for the full model). In Fig. 5b we report the predicted level
of cognition score from this model by gender at different levels of education, separately for these two groups of
states. The observed patterns are remarkably similar to those observed in Fig. 3. Specifically, in states with low
gender inequality, the gender gap in late-life cognitive health vanishes at the level of middle school. At higher
secondary education and above, women perform significantly better than men. On the other hand, in the top
quartile of the GII, a clear female disadvantage in cognition score is observed until secondary school. Importantly,
women never exhibit an advantage compared to men even at higher levels of education. In summary, the level
of education at which differences in late-life cognitive ability between women and men become negligible varies
substantially with the socio-economic environment and the degree of gender discrimination faced by individuals.

Discussion
Using data from India’s first nationally representative aging study, LASI (2017-2019), we find a significant gender
gap in later-life cognition, which also exhibits substantial heterogeneity across the socio-cultural environments
faced by individuals.

The most important contribution of this paper is the focus on how the interplay between gender, education,
and contextual gender inequality shapes cognitive health at old ages. Specifically, we quantify whether and to what
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Figure 4. Predicted cognition scores by gender and education level. Predicted cognition scores with 95%
confidence intervals are reported. Predictions are based on the estimates in the last column of Table S2. These
estimates are adjusted for gender, age, caste, religion, rural/urban, region, father’s education, height, education
level, and interaction terms between gender and education levels, and derived from a regression using survey
weights.

extent the protective effect of education on late-life cognition differs by gender and varies with the socio-cultural
context where people live. We find that in environments of high gender inequality, women need more education
in order to close the late-life cognition gap with men. We interpret this as evidence that, in areas characterized
by greater gender discrimination, a higher cognitive reserve through education is necessary for women to com-
pensate for receiving fewer cognitive stimuli through work and social activities. At the same time, barriers to
accessing education in areas with greater gender discrimination create strong self-selection mechanisms. These
imply that women who complete higher education tend to exhibit higher-than-average ability and motivation,
which, in turn, are partly reflected in better cognitive tests performance at older ages. Our results confirm the
importance of education as a protective factor for late-life cognitive functioning and suggest that education and
macro-level gender equality play complementary roles in shaping cognitive health at older ages and determin-
ing differential outcomes for men and women. Our findings have important implications for not only India but
also other developing countries.

Our study has a number of limitations. First, we construct and rely on a state-level measure of gender inequal-
ity, which is likely to mask important within-state differences in the degree of discrimination faced by women.
This may be one of the reasons why our GII does not contribute to explain the observed gender gap in cognition.
A GII at a finer geographic level that may better capture individuals’ exposure to gender inequality may exhibit a
stronger predictive power. Second, we use cross-sectional data in our analysis and our estimates do not represent
causal effects. Future research should exploit exogenous variation in education to infer the causal relationship
between education and late-life cognition in India and document how it varies with the socio-cultural environ-
ment faced by individuals. It should also examine how changes in gender inequality over time are associated
with longitudinal changes in the female gap in cognitive health.

Methods
Data and measures. We use individual-level data on cognition and other demographic variables from
a harmonized version of LASI?, the first nationally representative survey of the health, economic, and social
wellbeing of the Indian population age 45 and older. The LASI sample is also representative of each of the
Indian States and Union Territories except Sikkim and includes an over-sample of individuals over the age of 65.
Spouses were also interviewed, regardless of age. Our analysis sample focuses on individuals between the ages
of 45 to 90.

The main dependent variable is cognitive function, as measured by a general cognitive factor score?>*. We
use this measure since it is a broad, summary score, capturing multiple cognitive domains. Specifically, the gen-
eral cognitive factor score was constructed based on a graded response item theory model®, using data from
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Figure 5. (a) Predicted cognition scores by gender, education level and region. (b) Predicted cognition scores
by gender, education level and gender inequality. Predicted cognition scores with 95% confidence intervals are
reported. Predictions are based on the estimates in Table S3. These estimates are adjusted for gender, age, caste,
religion, rural/urban, region, father’s education, height, education level, and derived from regressions using
survey weights. The regression model used for (a) includes a triple-interaction between gender, education levels,
and region. The regression model used for (b) includes a triple-interaction between gender, education levels, and
the indicator for high versus low gender inequality states.

cognitive tests administered as a part of the LASI main interview, as well as a part of the Harmonized Diagnostic
Assessment of Dementia for the LASI (LASI-DAD), an in-depth study of late-life cognition and dementia for a
sub-sample of 4096 LASI participants®. The LASI-DAD protocol included a rich battery of neuropsychological
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tests (a total of 53 cognitive test items), including 11 overlapping tests with the main LASI, which allows lev-
eraging information from the more intensive screening of LASI-DAD for the full LASI cohort. Conceptually,
this approach estimates cognition as a latent trait based on a broad range of measured performance on tasks
ranging from basic orientation (e.g., knowing the date) to more difficult tasks (e.g., naming as many animals
as possible within 60 s). Prior to construction of this score, we imputed values for respondents with missing
information®® using demographic and health variables. To assess the precision of our general cognitive func-
tion score, we evaluated model-estimated standard errors for each observation and flagged observations with
poor marginal reliabilities. We observed that 97% of observations had marginal reliabilities above 70%, a level
which is generally accepted for epidemiologic research?. Importantly, these derived cognitive scores were not
sensitive to inclusion of items dependent on literacy (correlation between scores using literacy vs scores using
non-literacy items was 0.995).

As we attempt to explain the gender difference in cognition, we use individual-level covariates measuring
age, early-life socioeconomic status, childhood nutrition, and education. Gender is self-report by the respond-
ents, with approximately 53% of the analysis sample being women. Age is also self-reported. We divide age into
groups of five years from 45 to 49 to 70-74; ages 75 and above are grouped together due to the relatively small
number of individuals in this age range. Early-life socioeconomic status is captured by caste (general compared
with historically disadvantaged groups, namely Scheduled Caste, Scheduled Tribe and Other Backward Castes),
religion (the majority group of Hindus compared with the largest minority group of Muslims, and a third category
of all other minority religions), and father’s education (whether attended any school). Indicators for residence in
rural versus urban area, and regions (states of India grouped into two: as North, East and Northeast versus West,
Central and South) are also used as covariates to capture differences in socio-cultural and economic environ-
ments. Early-life nutrition is proxied for by height (measured by survey interviewers)?. Educational attainment
is the highest level completed by the individual, indicated by five levels—no school, less than primary school,
primary school completed, middle school, secondary school, and higher secondary and above.

Macro-level gender inequality is gauged by constructing a state-level GII. The GII was first conceptualized and
calculated by the UNDP for 137 countries in 2010%. It is a composite measure which captures gender inequality
across three domains—reproductive health, empowerment, and labor force participation—and does not allow
high achievement in one dimension to compensate for low achievement in other dimension(s). It quantifies the
loss of achievement due to (or opportunity cost of) gender inequality, with values between 0 to 1 (indicating
0 to 100% loss). The GII is a more concise measure of gender inequality compared to examining specific and
multiple parameters of gender inequality. Since the aforementioned components of the GII index are available
at the state-level, but not at a finer geographic or administrative level, we adopt a measure of gender inequality
at the state level.

The first domain of GII, reproductive health, is captured by the maternal mortality ratio and adolescent
fertility rates—these are available for the bigger states for 2011-2013 and 2012 respectively from the Sample
Registration System (SRS) reports provided by the Census of India*®*!. The second domain of GII, empower-
ment, is measured by the share of the parliamentary seats held by each gender, and proportion of population
with at least secondary education by each sex. We construct the average share of state legislatures seats held by
men and women during the period of from 1977 to 2015 using state-level data on parliamentary representation
provided by Bhavnani®?>. We do not use a particular year since state elections are held every five years and are
not synchronous across the country. State-level data on the proportion of population with at least secondary
education by sex is available for all states for the year 2014 from the National Sample Survey Office™. State-level
data on the third domain of the GII, labor force participation, is available for 2011-2012 from the Ministry of
Statistics and Programme Implementation®. Out of a total of 35, we are able to construct the GII for 29 states
and union territories of India using computation tools provided by the UNDP*. One state and five small union
territories are excluded due to unavailable data on reproductive health and political representation. Overall,
these excluded observations constitute less than 10% of the total sample.

Statistical analysis. First, we document the magnitude of the gender disparity in cognition, testing for
statistically significant differences among men and women in the entire sample, and among sub-groups by age,
education, socioeconomic status, geographic region, and states with high versus low gender inequality.

We then quantify the extent to which all these factors help explain the observed gender difference in late-life
cognition estimating multivariate regressions by Ordinary Least Squares (OLS). We begin with a linear regression
model with cognition as the dependent variable, and binary indicators for female and age groups as covariates. In
model 2, we include further covariates capturing region and socioeconomic status. In model 3, we add childhood
nutrition (provided by height). Model 4 also controls for education. Model 5 controls for macro-level gender
inequality (as captured by the GII). The main coefficient of interest in these regression models is the one of the
female indicator, which measures the conditional female gap in late-life cognition. We examine whether and
how this coefficient changes across specifications. In particular, we document the extent to which its magnitude
decreases when more covariates are included in the model, as this reflects the ability of the additional regressors
to explain the observed female gap.

Third, guided by the findings of these OLS regressions, we examine if education has a differential protective
effect for late-life cognitive health for women and men. For this purpose, we estimate our richest regression
model adding an interaction term between gender and education. This allows us to quantify to what extent each
education level is differentially beneficial for women’s cognition compared to men’s. A by-product of this model
is the identification of the education level, if it exists, at which the residual (after taking all the other demographic
and contextual factors into account) female disadvantage in late-life cognitive health vanishes and becomes
statistically indistinguishable from none.
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Finally, we pose the question of whether the differential protective effect of education by gender varies with
the context, especially the degree of gender-based inequality. To answer this question, we estimate our richest
regression model with triple interaction between gender, education level and two different indicators capturing
heterogeneity in socio-cultural context. The first is a binary variable for South, Center, and West region—charac-
terized by relatively high gender inequality—versus the North, East, and Northeast region—which exhibits lower
degrees of gender inequality; the second is a binary variable for whether the respondent’s states of residence is
in the bottom or in the top quartile of the GII. This exercise informs us about whether the level of education at
which the female gap in late-life cognitive health disappears varies depending on the socio-cultural environment
and the degree of gender discrimination faced by individuals. Essentially, these estimates help us understand
if a certain level of educational attainment has a different protective effect for women in different contexts and
are therefore informative of potential complementarities between education and environmental circumstances
in shaping women’s cognitive health in the long-term. All summary statistics and regression estimates employ
survey weights which take into account the sampling design of LASI and adjust for differential non-response
across demographic groups®.

Received: 9 November 2021; Accepted: 25 March 2022
Published online: 05 April 2022

References
1. Moss, N. E. Gender equity and socioeconomic inequality: A framework for the patterning of women’s health. Soc. Sci. Med. 54,
649-661 (2002).
2. Kawachi, I, Kennedy, B. P,, Gupta, V. & Prothrow-Stith, D. Women’s status and the health of women and men: A view from the
States. Soc. Sci. Med. 48, 21-32 (1999).
3. Homan, P. Structural sexism and health in the United States: A new perspective on health inequality and the gender system. Am.
Sociol. Rev. https://doi.org/10.1177/0003122419848723 (2019).
4. Lee, ], Shih, R,, Feeney, K. & Langa, K. M. Gender disparity in late-life cognitive functioning in India: Findings from the longitu-
dinal aging study in India. J. Gerontol. B 69, 603-611 (2014).
5. Lee, J. & Smith, J. P. Regional disparities in adult height, educational attainment, and late-life cognition: Findings from the Lon-
gitudinal Aging Study in India (LASI). J. Econ. Ageing 4, 26-34 (2014).
6. Singh, P. K., Jasilionis, D. & Oksuzyan, A. Gender difference in cognitive health among older Indian adults: A cross-sectional
multilevel analysis. SSM Popul. Health 5, 180-187 (2018).
7. Lei, X., Hu, Y., McArdle, J. ], Smith, J. P. & Zhao, Y. Gender differences in cognition among older adults in China. J. Hum. Resour.
47,951-971 (2012).
8. Oksuzyan, A., Singh, P. K., Christensen, K. & Jasilionis, D. A cross-national study of the gender gap in health among older adults
in India and China: Similarities and disparities. Gerontologist 58, 1156-1165 (2018).
9. Maurer, J. Height, education and later-life cognition in Latin America and the Caribbean. Econ. Hum. Biol. 8, 168-176 (2010).
10. Yount, K. M. Gender, resources across the life course, and cognitive functioning in Egypt. Demography 45, 907-926 (2008).
11. Langa, K. M. et al. Cognitive health among older adults in the United States and in England. BMC Geriatr. 9, 23 (2009).
12. Langa, K. M. et al. Trends in the prevalence and mortality of cognitive impairment in the United States: Is there evidence of a
compression of cognitive morbidity?. Alzheimer Dement. 4, 134-144 (2008).
13. Olivera, J., Andreoli, E, Leist, A. K. & Chauvel, L. Inequality in old age cognition across the world. Econ. Hum. Biol. 29, 179-188
(2018).
14. Angrisani, M., Lee, J. & Meijer, E. The gender gap in education and late-life cognition: Evidence from multiple countries and birth
cohorts. J. Econ. Ageing 16, 100232 (2020).
15. Becker, G. S., Hubbard, W. H. & Murphy, K. M. Explaining the worldwide boom in higher education of women. J. Hum. Cap. 4,
203-241 (2010).
16. Weir, D., Lay, M. & Langa, K. Economic development and gender inequality in cognition: A comparison of China and India, and
of SAGE and the HRS sister studies. J. Econ. Ageing 4, 114-125 (2014).
17. Angrisani, M., Jain, U. & Lee, J. Sex differences in cognitive health among older adults in India. J. Am. Geriatr. Soc. 68, S20-S28
(2020).
18. Lee, J., Meijer, E., Phillips, D. & Hu, P. Disability incidence rates for men and women in 23 countries: Evidence on health effects
of gender inequality. J. Gerontol. A 76, 328-338 (2021).
19. Sen, A. More Than 100 Million Women are Missing (Springer, 1990).
20. Sekher, T. V. & Hatti, N. Unwanted Daughters: Gender Discrimination in Modern India (Rawat Publications, 2010).
21. Klasen, S. Human Development Indices and Indicators: A Critical Evaluation. http://hdr.undp.org/sites/default/files/klasen_final.
pdf (2018).
22. Chien, S. et al. Harmonized LASI Documentation, Version A (2017-2019). http://g2aging.org. https://doi.org/10.25549/h-lasi (2021).
23. Gross, A. L., Khobragade, P. Y., Meijer, E. & Saxton, J. A. Measurement and structure of cognition in the longitudinal aging study
in india-diagnostic assessment of dementia. J. Am. Geriatr. Soc. 68, S11-S19 (2020).
24. Muthén, L. K. & Muthén, B. O. Mplus User’s Guide. (1998-2017). (2017).
25. Lee, J. & Dey, A. B. Introduction to LASI-DAD: The longitudinal aging study in India-diagnostic assessment of dementia. J. Am.
Geriatr. Soc. 68, S3-S4 (2020).
26. Chien, S. et al. Harmonized LASI-DAD Documentation. Version A.3. (2022).
27. Nunnally, J. C. Psychometric Theory (McGraw-Hill, 1978).
28. Deaton, A. Height, health, and development. PNAS 104, 13232-13237 (2007).
29. UNDP. Human Development Report 2010: The Real Wealth of Nations - Pathways to Human Development. http://hdr.undp.org/en/
content/human-development-report-2010 (2010).
30. RGI-SRS. Chapter: 3 Estimates of Fertility Indicators. https://www.censusindia.gov.in/vital_statistics/ SRS_Report_2014/7.%
20Chap%203-Fertility%20Indicators-2014-U.pdf (2012).
31. RGI-SRS. Chapter 03 Maternal & Adolescent Healthcare. https://main.mohfw.gov.in/sites/default/files/03Chapter.pdf (2018).
32. Bhavnani, R. R. India National and State Election Dataset. PNAS https://doi.org/10.7910/DVN/26526 (2014).
33. NSSO. Education in India. http://mospi.nic.in/sites/default/files/publication_reports/nss_rep_575.pdf (2016).
34. MOSPI. Participation in the Economy. in Women ¢ Men in India 2017: A Statistical Profile (Social Statistics Division, Central
Statistics Office, Ministry of Statistics and Programme Implementation, Government of India, 2018).
35. UNDP. Calculating the Indices|Human Development Reports. http://hdr.undp.org/en/content/calculating-indices (2020).

Scientific Reports |

(2022) 12:5684 | https://doi.org/10.1038/s41598-022-09641-8 nature portfolio


https://doi.org/10.1177/0003122419848723
http://hdr.undp.org/sites/default/files/klasen_final.pdf
http://hdr.undp.org/sites/default/files/klasen_final.pdf
http://g2aging.org
https://doi.org/10.25549/h-lasi
http://hdr.undp.org/en/content/human-development-report-2010
http://hdr.undp.org/en/content/human-development-report-2010
https://www.censusindia.gov.in/vital_statistics/SRS_Report_2014/7.%20Chap%203-Fertility%20Indicators-2014-U.pdf
https://www.censusindia.gov.in/vital_statistics/SRS_Report_2014/7.%20Chap%203-Fertility%20Indicators-2014-U.pdf
https://main.mohfw.gov.in/sites/default/files/03Chapter.pdf
https://doi.org/10.7910/DVN/26526
http://mospi.nic.in/sites/default/files/publication_reports/nss_rep_575.pdf
http://hdr.undp.org/en/content/calculating-indices

www.nature.com/scientificreports/

Acknowledgements

This work was supported by the National Institute of Aging (RF1 AG055273, R01 AG042778, RO1AG051125,
RO1AGO030153). We also gratefully acknowledge Alden L. Gross for his work on constructing the cognition
factor score.

Author contributions
UJ., M.A, K.L. and J.L. wrote the main manuscript text. U.]. prepared figures. All authors reviewed the
manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-022-09641-8.

Correspondence and requests for materials should be addressed to J.L.
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.

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) 2022

Scientific Reports |

(2022) 12:5684 | https://doi.org/10.1038/s41598-022-09641-8 nature portfolio


https://doi.org/10.1038/s41598-022-09641-8
https://doi.org/10.1038/s41598-022-09641-8
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	How much of the female disadvantage in late-life cognition in India can be explained by education and gender inequality
	Results
	Gender differences in education and late-life cognition. 
	Gender inequality index and its association with gender difference in cognition at state level. 
	Independent factors explaining gender differences in late-life cognition. 
	Gender differences in the protective effect of education on cognition. 

	Discussion
	Methods
	Data and measures. 
	Statistical analysis. 

	References
	Acknowledgements


