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Abstract
Objective

To investigate the relationship between late-life duration of poverty exposure and cognitive
function and decline among older adults in China.

Methods

Data were from 3,209 participants >64 years of age in the Chinese Longitudinal Healthy
Longevity Survey (CLHLS). Duration of poverty, defined according to urban and rural regional
standards from the China Statistical Yearbook, was assessed according to annual household
income from 2005 to 2011 (never in poverty; one-third of the period in poverty; two-thirds or
more of the period in poverty). Cognitive function was measured by the Chinese Mini-Mental
State Examination (CMMSE) from 2011 to 2018. We used attrition-weighted, multivariable
mixed-effects Tobit regression to examine the association of duration of poverty with cognitive
function and rate of decline.

Results

Atotal of 1,162 individuals (36.21%) were never in poverty over the period from 2005 to 2011;
1,172 (36.52%) were in poverty one-third of the period; and 875 (27.27%) were in poverty two-
thirds or more of the period. A longer poverty duration was associated with lower subsequent
CMMSE scores with a dose-response relationship (one-third vs never in poverty: § = —0.98;
95% confidence interval —1.61 to —0.35; two-thirds or more vs never in poverty: p = —1.55; 95%
confidence interval —2.29 to —0.81). However, a longer duration of poverty was associated with
a slower rate of CMMSE score decline over time from 2011 to 2018.

Conclusion

These findings provide valuable evidence for the role of cumulative late-life poverty in relation to
cognitive health among older adults in a rapidly urbanizing and aging middle-income country.
Our findings may support a compensation hypothesis for cognitive reserve in this setting.
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Glossary

ADRD = Alzheimer disease and related dementias; CI = confidence interval; CLHLS = Chinese Longitudinal Healthy
Longevity Survey; CMMSE = Chinese Mini-Mental State Examination; CNY = Chinese yuan renminbi; IPW = inverse

probability weight.

More than 50 million people are living with Alzheimer disease
and related dementias (ADRD) worldwide, and this number is
expected to triple by 2050." Maintaining cognitive function is
thus crucial for extending the health and well-being of older
adults in the context of population aging. Although the associ-
ation of absolute income measured at a single point in time in
relation to ADRD and related outcomes has been well
documented,”? emerging research has directed attention to
longitudinal income trajectories as a potentially salient exposure
in ADRD etiology."® For example, sustained poverty over a 15-
year period in midlife has been associated with subsequent
cognitive function among US adults.® Other studies have fo-
cused on socioeconomic trajectories in childhood, early adult-
hood, and midlife in relation to cognitive health outcomes.”'*'!

The effects of later-life income trajectories on cognitive out-
comes are understudied, resulting in a loss of life-course ex-
posure information on the role of income in ADRD etiology.
Nearly all existing studies have focused on high-income
countries, where absolute poverty (household income below
the level needed to meet basic life necessities) is uncommon.'?
There is limited research from low- and middle-income
countries'® such as China, which has a large, rapidly aging
population and a higher rate of absolute poverty than high-
income countries.'*'® Moreover, intergenerational financial
exchange is common in China whereby older adults often re-
ceive financial support from their adult children, and financial
assistance from older parents to financially worse off adult
children is also common."®'” This practice of intergenerational
financial exchange increases income volatility among older
adults in China.'®"”

We aimed to investigate the relationships between duration of
poverty over a 6-year period (2005-2011) with cognitive func-
tion and decline over a subsequent 7-year period (2011-2018)
among adults >64 years of age in China. We hypothesized that
(1) alonger duration of poverty in later life would be associated
with a lower level of cognitive function and that (2) a longer
duration of poverty in later life would be associated with a faster
subsequent rate of cognitive decline.

Methods

Data Source, Study Design, and Study Sample

Data were from the Chinese Longitudinal Healthy Longevity
Survey (CLHLS).'® The CLHLS is an open, nationally rep-
resentative cohort study that has included >20,000 individuals
from 22 provinces in mainland China, with sampling areas
covering > 85% of the Chinese population.'® The CLHLS is
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jointly administered by Duke University and Peking Univer-
sity. The CLHLS was launched in 1998 and conducted follow-
up interviews in 2000, 2002, 2005, 2008, 2011, 2014, and
2018, with a response rate >90% for each wave.'® The first 2
waves focused on individuals >80 years of age. Individuals 64
to 80 years of age were enrolled beginning in 2002, and those
40 to 59 years of age were enrolled beginning in 2008. Par-
ticipants or proxy respondents (usually a spouse or close
family member) were asked to self-report information on
sociodemographic factors, including sex, ethnicity, lifestyle,
disease history, etc. Proxy interviews were conducted for re-
spondents who were too impaired to directly participate in
study interviews. Very few participants had full proxy inter-
views in any given wave (<1% of those <90 years of age,
=~1.5% of those 90 to 99 years of age, <5% of those 100-105
years of age).'® Prior research has ruled out substantial bias
due to proxy interviews in the CLHLS."®

The present study used a longitudinal design among CLHLS
participants >64 years of age in 200S, with exposure to
poverty assessed from 2005 to 2011 and cognitive function
assessed from 2011 to 2018. After the exclusion of individ-
uals without all 3 income observations from 2005 to 2011,
we included 3,209 individuals >64 years of age who con-
tributed 6,365 cognitive function observations from 2011 to
2018 (figure 1).

Measures

Exposure: Duration of Poverty From 2005 to 2011

In urban regions in China, the mean annual household in-
come of the lowest income group (bottom quintile of the
population income distribution) was 4,290 Chinese yuan
renminbi (CNY) (=US $613) in 2005, 6,560 CNY (=US
$937) in 2008, and 9,785 CNY (=US $1,398) in 2011. In rural
regions, the mean annual household income of the lowest
income group was 2,090 CNY (=US $299) in 2005, 3,072
CNY (=US $439) in 2008, and 4,421 CNY (=US $632) in
2011. These population income data are from China Statis-
tical Yearbook published by the National Bureau of Statistics
of China and are available from Dryad (table e-1: doi.org/10.
5061/dryad.vhhmgqnsk) and online at stats.gov.cn. We de-
fined duration of poverty as the proportion of CLHLS time
points from 2005 to 2011 that an individual’s household in-
come was below the mean annual income of the bottom
quintile income group for that region. The bottom quintile of
the population income distribution is defined as the low-
income group by the China Statistical Yearbook. We did not
use the national absolute poverty line in China in this study
because the national poverty line does not account for income
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Figure 1 Sample Collection

Individuals in Wave 2005

All participants who survived and remained in the
Chinese Longitudinal Healthy Longevity Survey

(CLHLS) study or their proxies were directly asked
about annual household income. There was a
missing rate of 8.83% for income data in the
2005-2011 CLHLS dataset. We excluded partici-
pants without complete income data from 2005

(N =15,638)
Excluded from wave 2005, 2008, and 2011
»| (n=12,429):
* No record of income (816)

v * One record of income (7,963)
Wave 2011 » Two records of income (3,650)
(n =3,209)

Excluded (n = 1,064):
» -« Lost (167; 5.20%)

v + Deceased (897; 27.95%)
Wave 2014
(n =2,145)

Excluded (n = 1,134):
»| - Lost (561; 26.15%)
« Deceased (573; 26.71%)
Wave 2018
(n=1,011)
Final study sample
(n = 3,209 individuals; 6,365 observations)

to 2011 (those with missing income data in any
year of 2005, 2008, and 2011 and those who died
or who were lost to follow-up before 2011).

and cost of living differences between urban and rural regions.
We classified a 3-level variable for the duration of poverty over
this period: never in poverty (0 time points), one-third of the
time in poverty (1 time point), and two-thirds or more of the
time in poverty (2 or all 3 time points).

Outcome: Cognitive Function From 2011 to 2018
Cognitive function was measured in 2011, 2014, and 2018 with
the Chinese Mini-Mental State Examination (CMMSE)."
The CMMSE has been validated and used in prior studies.”**"
The CMMSE consists of 24 items across 7 cognitive do-
mains: 5 items for Orientation, 3 items for Registration, 1
item for Naming foods, S items for Attention and Calcula-
tion, 1 item for Copying a Figure, 3 items for Recall, and 6
items for Language.21 The overall CMMSE scores range
from 0 to 30, with higher scores indicating better cognitive
function.

Covariates

Covariates were assessed at baseline in 2005 (before income and
CMMSE measures) and included sociodemographic charac-
teristics, lifestyle behaviors, and comorbid disease history.®”
Sociodemographic characteristics were age (in years), sex (fe-
male; male), ethnicity (Han; other), marital status (married;
widowed; other), and years of schooling. Lifestyle behaviors
were smoking history (yes; no), regular physical activity (yes;
no), and body mass index (categories of <18.5; 18.5-24.9;
24.9-29.9; >29.9 kg/ mz). Self-reported disease history included
hypertension (yes; no), diabetes (yes; no), stroke (yes; no), and
cardiovascular disease (yes; no).

Statistical Analysis
All statistical analyses were performed with Stata/SE 15.0
(StataCorp, College Station, TX).

Neurology.org/N

Data Imputation

A total of 3,302 observations (51.87%) in our analytic sample
over the follow-up period from 2011 to 2018 had missing
CMMSE items. Consistent with previous CLHLS analyses
using the CMMSE scores, we performed multiple imputation
by chained equations on the CLHLS 2005-2018 dataset to
impute values for missing CMMSE items.”” Multiple impu-
tation by chained equations is a sequential multivariate re-
gression imputation approach conditional on observed
variables as predictors.”® To increase accuracy and to make
the missing—at-random assumption more tenable, we con-
ducted item-level imputation using all variables in the final
analytic models and produced 5 imputed datasets.”'"** We
then computed the overall CMMSE scores after item-level
imputation.24’25

Primary Analyses

We compared baseline characteristics of the study sample
according to duration of poverty using Pearson y tests, analysis
of variance, and Kruskal-Wallis rank-sum tests. To account
for the ceiling effects of CMMSE scores, we conducted
multivariable-adjusted mixed-effects Tobit regression models to
examine the association between duration of poverty and sub-
sequent CMMSE scores. Tobit regression, also referred to as
censored or truncated regression, assumes that the observed
range of the dependent variable y is either left- or right-censored
(as with a ceiling effect) and represents an unmeasured latent
variable, ¥ such that we observe only y = max (0, y*).26’27 The
Tobit model modifies the maximum likelihood estimator to
estimate the effect of x on the uncensored latent variable y*,
where y* =xB+e, elx ~ Normal(0, ¢*)>* We con-
ducted 3 sets of sequential models. Model set 1 was adjusted for
age, sex, race, and marital status (demographic adjustment);
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Table 1 Baseline Characteristics by Duration of Poverty Among 3,209 Individuals in 2005, CLHLS, China, 2005-2018

Never in poverty One-third in poverty Two-thirds or more in Total

Characteristics (n=1,162) (n=1,172) poverty (n = 875) (N = 3,209) p Value
CMMSE score, mean (SE) 28.06 (0.10) 26.88 (0.13) 26.66 (0.15) 27.25(0.07) <0.001?
Age, mean (SD), y 77.48 (9.38) 78.26 (9.61) 77.60 (9.34) 77.80 (9.46) 0.10°
Age, median, y 76 76 76 76 —
Age, range, y 65-107 65-106 64-108 64-108 —
Men (vs women), n (%) 607 (52.24) 546 (46.59) 405 (46.29) 1,558 (48.55) <0.001°
Ethnicity (Han vs others), n (%) 1,109 (95.44) 1,065 (90.87) 808 (92.34) 2,982 (92.93) <0.001°
Marital status, n (%) 0.02°

Married 620 (53.36) 580 (49.49) 456 (52.11) 1,656 (51.60)

Widowed 515 (44.32) 553 (47.18) 378 (43.20) 1,446 (45.06)

Other 27 (2.32) 39 (3.33) 41 (4.69) 107 (3.33)
Years of schooling, mean (SE) 4.01(0.13) 2.33(0.10) 1.62 (0.09) 2.75(0.07) <0.001?
Regular physical activity (yes vs no), n (%) 594 (51.12) 416 (35.49) 224 (25.60) 1,234 (38.45) <0.001°
Smoking history (yes vs no), n (%) 461 (39.69) 412 (35.15) 316 (36.11) 1,189 (37.06)  0.06°
BMI, n (%) <0.001°¢

<18.5 kg/m? 237 (20.40) 332(28.33) 280 (32.00) 849 (26.46)

18.5-24.9 kg/m? 704 (60.59) 675 (57.59) 497 (56.80) 1,876 (58.46)

24.9-29.9 kg/m? 200 (17.21) 135(11.52) 83(9.49) 418 (13.03)

>29.9 kg/m? 21(1.81) 30 (2.56) 15 (1.71) 66 (2.06)
Hypertension (yes vs no), n (%) 294 (25.30) 220(18.77) 167 (19.09) 681 (21.32) <0.001°
Diabetes (yes vs no), n (%) 52 (4.48) 28 (2.39) 12(1.37) 92 (2.87) <0.001°
Stroke (yes vs no), n (%) 78 (6.71) 55 (4.69) 52 (5.94) 185 (5.77) 0.11°
Cardiovascular disease (yes vs no), n (%) 161 (13.86) 85(8.11) 73 (8.34) 329 (10.25) <0.001°

All non-Han individuals were clustered into a single group due to small sample size. The CLHLS assessed self-identified sex rather than gender. Abbreviations:
BMI = body mass index; CLHLS = Chinese Longitudinal Healthy Longevity Survey; CMMSE = Chinese Mini-Mental State Examination; SE = standard error.

Missing rate before imputation: years of schooling 0.19%, BMI 0.50%, smoking history 0.06%, hypertension 5.11%, diabetes 6.48%, stroke 6.42%, and
cardiovascular disease 5.77%. All non-Han individuals were clustered into a single group due to small sample size. The CLHLS assessed self-identified sex

rather than gender.
@ Analysis of variance.
b Pearson x° test.

¢ Kruskal-Wallis rank-sum tests. Significance tests were performed by using dataset after imputation.

model set 2 was additionally adjusted for years of schooling
(demographic and education adjustment); and model set 3 was
additionally adjusted for all lifestyle behavior and comorbid
disease variables (fully adjusted). We included statistical in-
teraction terms between year and duration of poverty to in-
vestigate whether duration of poverty was related to rate of
change in CMMSE scores over time.

To account for any potential bias that could be introduced
due to selective attrition or mortality over the follow-up, we
generated wave-specific inverse probability weights (IPWs)
that jointly incorporated the probabilities of survival and
remaining in the study.”®** Full methodologic details for the
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creation of the weights are provided in Dryad (e-Methods and
tables e-2 and e-3: doi.org/10.5061/ dryad.vhhmgqnsk).

Sensitivity Analysis

We performed 3 sensitivity analyses. First, we repeated the
modeling analyses with the IPWs trimmed at the 99th per-
centile (5.31) to exclude any potential outsized effects of the
few IPW outliers. Second, to rule out potential reverse cau-
sality whereby individuals with preexisting poor cognitive
function may be more likely to experience sustained poverty,
we repeated the modeling analyses restricted to individuals
with CMMSE scores >28 at baseline in 200S. Finally, we
repeated the modeling analyses using the dataset without
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Table 2 Mixed-Effects Tobit Analyses of the Association Between Duration of Poverty From 2005 to 2011 and Subsequent

CMMSE Scores From 2011 to 2018 (N = 3,209), CLHLS, China, 2005-2018

Model 1 Model 2 Model 3
Variable Coefficient (95% Cl) Coefficient (95% Cl) Coefficient (95% Cl)
Time
2011 Ref Ref Ref
2014 —1.69 (—2.36 to —1.01) —1.69 (—2.37 to —1.01) —1.69 (—2.37 to —1.01)
2018 —2.75(—3.53 to —1.98) —2.77 (—3.55 to —1.99) —2.79 (—3.56 to —2.01)

Duration of poverty

Never in poverty

Ref

Ref

Ref

One-third in poverty

—1.37 (-2.00 to —0.74)

—0.97 (—1.60 to —0.34)

—0.98 (—1.61 to —0.35)

Two-thirds or more in poverty

—2.19 (—2.92 to —1.46)

—1.58 (—2.32 to -0.84)

—1.55(—2.29 to —0.81)

Interaction terms

2014 X 1/3 in poverty

0.61 (-0.33 to 1.55)

0.62 (-0.32 to 1.57)

0.62 (-0.32 to 1.56)

2014 X 22/3 in poverty

1.04 (0.01 to 2.07)

1.05 (0.02 to 2.09)

1.04 (0.01 to 2.08)

2018 X 1/3 in poverty

0.69 (-0.30 to 1.69)

0.71 (-0.29 to 1.71)

0.72 (-0.27 to 1.72)

1.38 (0.16 to 2.60)

1.41 (0.19 to 2.63)

1.41(0.19 to 2.64)

2018 X 22/3 in poverty

Abbreviations: Cl = confidence interval; CLHLS = Chinese Longitudinal Healthy Longevity Survey; CMMSE = Chinese Mini-Mental State Examination; Ref =

referent.

Inverse probability weights were included in the models. Model 1 adjusted for baseline age, sex, ethnicity, and marital status. Model 2 adjusted for baseline
age, sex, ethnicity, marital status, and years of schooling. Model 3 adjusted for baseline age, sex, ethnicity, marital status, years of schooling, physical activity,
smoking history, body mass index, hypertension, diabetes, stroke, and cardiovascular disease. Coefficient (95% Cl) in bold indicates statistically significant

association with p value < 0.05.

imputed values of CMMSE scores to compare against the
results with imputation.

Standard Protocol Approvals, Registrations,
and Patient Consents

The CLHLS was approved by the ethics committee of the Peking
University (IRB00001052-13074). Written informed consent
was obtained from all participants before the investigation.

Data Availability
All data from the CLHLS are publicly available at sites.duke.
edu/centerforaging.

Results

Table 1 presents baseline characteristics of the study sample. A
total of 1,162 individuals (36.21%) were never in poverty over
the period from 2005 to 2011; 1,172 individuals (36.52%) were
in poverty one-third of the time during this period; and 875
individuals (27.27%) were in poverty two-thirds of the time or
more during this period (table 1). Individuals who were in
poverty one-third and two-thirds or more of the time were more
likely to be women, non-Han, poorly educated, and less phys-
ically active (table 1). They were also less likely to have higher
CMMSE scores, hypertension, diabetes, and cardiovascular
disease at baseline (table 1). Table e-4 from Dryad (doi.org/10.
5061/ dryad.vhhmgqnsk) provides additional information about
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the distribution of sample characteristics according to the du-
ration of poverty and over time. Baseline characteristic differ-
ences between the study sample and excluded individuals are
available in table e-S from Dryad (doi.org/10.5061/dryad.
vhhmggnsk).

Results from weighted, multivariable-adjusted Tobit regression
analyses are provided in table 2. In model 1, individuals who
were in poverty one-third of the period from 2005 to 2011 had
lower CMMSE scores than those who were never in poverty
over that period (B = —1.37, 95% confidence interval [CI]
—2.00 to —0.74). A stronger negative association was observed
for those in poverty two-thirds or more of the period from 2005
to 2011 compared to those never in poverty over that period (p
= -2.19, 95% CI -2.92 to —1.46), indicating a dose-response
relationship between duration of poverty and subsequent
cognitive function. In the fully adjusted model, these associa-
tions were slightly attenuated to —0.98 (95% CI -1.61 to —0.35
for one-third of the period vs never in poverty) and —1.55 (95%
CI -2.29 to —0.81 for two-thirds or more of the period vs never

in poverty).

Results from the interaction terms suggest that the effect of
duration of poverty was modified by time (table 2 and figure 2).
In model 1, individuals who were in poverty two-thirds or more
of the period from 2005 to 2011 had a slower rate of decline in
CMMSE scores compared to those who were never in poverty
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Figure 2 Predicted Trajectories of CMMSE Scores From
2011 to 2018 by Duration of Poverty

30 Duration of poverty
—&— Never in poverty
—m— 1/3 in poverty
28— —&— > 2/3in poverty
et
o
(9]
w
L
n
= 26—
=
]
24—

l I
2014 2018

Year

I
2011

Chinese Mini-Mental State Examination (CMMSE) scores are predicted by
estimates in model 3 in table 2. Covariates in model 3 were set to the fol-
lowing levels: age 82 years, male, non-Han, married, zero years of schooling,
no regular physical activity, never smoked, body mass index <18.5 kg/m?, no
hypertension, no diabetes, no stroke, and no cardiovascular disease.

over that period ( = 1.04,95% CI 0.01 to 2.07 for 2014 X >2/
3 in poverty; p = 1.38,95% CI 0.16 to 2.60 for 2018 X >2/3 in
poverty). The interaction effect remained statistically signifi-
cant in the fully adjusted model (B = 1.04, 95% CI 0.01 to 2.08
for 2014 X >2/3 in poverty; p = 1.41, 95% CI 0.19 to 2.64 for
2018 X >2/3in poverty), although the 95% ClIs were wide due
to a lack of precision.

The sensitivity analyses yielded similar findings to our primary
analyses (tables e-6 to e-8 from Dryad: doi.org/10.5061/dryad.
vhhmggnsk). First, the results from models that excluded ob-
servations with IPW higher than 5.31 did not differ from our
primary findings. Second, the analyses restricted to individuals
with CMMSE scores >28 in 2005 (n = 1,918) generated results
that were negligibly different from those observed in our main
analyses. Finally, when we repeated the modeling analyses
without imputed values for missing CMMSE scores, the results
were similar to those observed in our main analysis, although
the estimates were attenuated in magnitude. The interaction
terms between duration of poverty and time were not statisti-
cally significant in this analysis, potentially due to loss of pre-
cision with the restricted sample size.

Discussion

In this longitudinal study of 3,209 older adults in China from
2005 to 2018, we observed that a longer duration of exposure to
poverty in late life was associated with a lower level of sub-
sequent cognitive function in a dose-response fashion. However,
we also observed that older adults who experienced poverty two-
thirds or more of the time from 2005 to 2011 had a slower rate of
subsequent cognitive decline than those never in poverty.

Neurology | Volume 97, Number 7 | August 17,2021

Further research on cumulative later-life poverty exposure and
cognitive aging in diverse social and economic settings is war-
ranted to better understand the roles of socioeconomic expo-
sures and cognitive reserve in these settings.

Our findings are largely consistent with prior studies in-
dicating that income trajectories are associated with sub-
sequent cognitive function.%” Long-term exposure to poverty
limits access to adequate nutrition, housing, and health care®’;
may induce long-lasting psychological stress®’; and may lead
to unhealthy behaviors, including alcohol use, tobacco con-
sumption, and inadequate physical activity.”**"** Psycho-
logical stress has also been associated with dysfunction of
hypothalamic-adrenocortical axis,>® an important predictor of
hypertension, diabetes, stroke, and cardiovascular disease.****
All of these potential mediators may be explanatory mecha-
nisms for our observed associations between poverty duration

. 536,37
and subsequent cognitive performance.””

Our findings expand current knowledge by demonstrating that
duration of exposure to poverty in late life may make a difference
to older adults’ cognitive function in middle-income settings.*”
Although sustained poverty after the age of 65 years could reflect
life-course economic hardship from early childhood to midlife,
we included years of schooling and other sociodemographic and
health covariates to account for earlier-life socioeconomic status

7,38 .
»® Previous research that has comprehen-

as best as possible.
sively adjusted for early-life and midlife socioeconomic status has
still observed associations between late-life socioeconomic

iy i 39
conditions and cognitive outcomes.

Contrary to our second hypothesis, we found that a longer
duration of later-life poverty was associated with a slower rate of
cognitive decline. These findings are consistent with those from
high-income populations demonstrating that higher socioeco-
nomic position and education are associated with a higher level
of cognitive function in late life,**' while they have also been
associated with more rapid memory and cognitive decline once
impairment is evident.""**’ Education is thought to be a
marker of cognitive reserve because it may help older adults to
maintain day-to-day cognitive function in the face of brain
aging, pathology, or insults.** Similar to education, income may
promote cognitive reserve by providing access to better nutri-
tion, cognitively stimulating activities, social engagement, and
health care.""*>*® Taken together, previous evidence and ours
support a compensation hypothesis of cognitive reserve
whereby individuals with lower cognitive reserve (those in
poverty two-thirds or more of the time) may recruit brain
structures or networks to slow the rate of function decline after
the deterioration of brain domains earlier than those with

higher cognitive reserve (those never in poverty s

This study has limitations. First, although we had access to
data on income in late life, capturing middle-old and oldest-
old age periods, we were able to measure income trajectories
taken with 3 measures over only a short period (6 years)
compared with prior research (15-20 years).**® Second, late-
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life poverty duration could be, in part, a reflection of childhood
and midlife poverty duration, which we were unable to fully
take into account. Third, our outcome measure may not fully
capture subtle declines in cognitive function, especially at the
higher end of the range of function, because the MMSE is
designed to detect cognitive impairment and is known to
demonstrate ceiling effects.*® However, we used Tobit re-
gression models to help account for these ceiling effects that are
observed with the MMSE. At the same time, our results should
be interpreted cautiously because results from this mean
value—based regression analysis may not be generalized to every
CMMSE score quantile if there is heterogeneity in the associ-
ation between poverty and cognitive function across the dis-
tribution of cognitive function. Moreover, missing CMMSE
item values for >50% of observations may diminish the ro-
bustness of our findings. However, consistent with existing
CLHLS research,** our primary findings using imputed values
of CMMSE items were similar to those observed in the non-
imputed data. Furthermore, our analysis is subject to selection
bias because we required participants to maintain survival and
participation in the study from 2005 to 2011 to have complete
exposure information on income. We addressed the possibility
of this bias as best as possible through applying wave-specific
IPWs for survival and study retention across the 2005-2018
CLHLS data collection waves to minimize the likelihood of this
710 Finally, the scale of our cognitive outcome measures
may not be directly comparable with existing studies because
we were unable to calculate SDs from the imputed datasets to
create standardized cognitive z scores.*”** Future research is
warranted to generalize our findings.

bias.

Despite these limitations, the present study has several
strengths. First, we used a longitudinal study design and re-
stricted the study sample to cognitive healthy individuals at
baseline in a sensitivity analysis, which, to some extent, rules
out reverse causality. Second, we provided new evidence of
the cumulative effect of later-life poverty exposure on sub-
sequent cognitive function and decline, which is an under-
studied life-course exposure period. Third, we accounted for
urban and rural status in our poverty measurements, which
provides a more accurate indicator of socioeconomic welfare
in the context of China’s urbanization. Finally, we included
data from a globally underrepresented but rapidly aging
population consisting of middle-old (75-84 years of age) and
oldest-old (>84 years of age) adults in China.”*”*° These data
provide valuable evidence on the role of cumulative later-life
poverty exposure in relation to cognitive health of older adults
in a rapidly aging and urbanizing middle-income country.

Our findings demonstrate the association between duration of
poverty in late life and subsequent cognitive function and
decline among older adults in China. We found that a longer
duration of poverty over a 6-year period in late life was as-
sociated with poorer subsequent cognitive function but a
slower rate of cognitive decline. In this underrepresented
population of older and oldest-old adults in a rapidly aging
middle-income country, our findings may support a

Neurology.org/N

compensation hypothesis for cognitive reserve, similar to
evidence from high-income populations on the role of edu-
cation in cognitive function and decline. Future research on
the cumulative effects of late-life poverty in diverse social and
economic settings is warranted.
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