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Background: Identification of early modifiable factors is crucial to delay or prevent the
development of cognitive impairment and reduce the social and economic burden.

Objective: This study aimed to examine the longitudinal associations of childhood
neighborhood quality (CNQ) with the risk of later-life cognitive dysfunction and the role of
body mass index (BMI) in this association.

Methods: A total of 8,289 community-dwelling middle-aged and elderly population from
wave 2011, wave 2013, and wave 2015 of the China Health and Retirement Longitudinal
Study (CHARLS) were included. Cognitive function and CNQ were measured by
standardized questionnaires. Multilevel linear regression models were used to estimate
the associations of CNQ and cognitive function. The interactions of BMI with CNQ in the
progress of cognitive function were also estimated.

Results: The participants with higher CNQ had a significantly low risk of cognitive
impairment than those with lower CNQ score (8 = 0.067, 95% CI: 0.031, 0.103), and
the results remained similar (3 = 0.039, 95% CI: 0.004, 0.075) after controlling other
confounding variables. Furthermore, there was an interaction between BMI with CNQ
score (P < 0.001) for the risk of cognitive impairment. In BMI-stratified analysis, we found
that the association of CNQ and cognitive function was not statistically significant in
overweight or obese population (3 = 0.019, 95% CI: —0.032, 0.070), but was statistically
significant in people with lower BMI (8 = 0.059, 95% CI: 0.010, 0.107).
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Conclusions: Higher CNQ score is significantly associated with the lower risk of
cognitive dysfunction in adulthood. BMI may moderate the associations of CNQ with
the risk of cognitive function.
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INTRODUCTION et al., 2009; Emmerzaal et al., 2015). One possible explanation

Cognitive impairment is one of the most common health
problems for elders worldwide (Jiang et al, 2020). In 2019,
Alzheimer’s Disease International estimated that there are over
50 million people living with dementia globally, a figure set to
increase to 152 million by 2050. The annual estimated worldwide
cost of dementia is US$ 2 trillion, and this cost will be doubled
by 2030 as the number of people with dementia continues
to rise (Alzheimer’s Disease International., 2019). Therefore,
identification of early modifiable factors is crucial to delay or
prevent the development of cognitive impairment and reduce the
social and economic burden.

Evidence demonstrated that living in a lower-quality
neighborhood, such as with high crime rate and poverty, is
associated with a higher elevated risk of physiological and
psychological health (O’campo et al., 2015), including cognitive
impairment. The data from the Hispanic Community Health
Study/Study of Latinos (HCHS/SOL) and its Sociocultural
Ancillary Study (SCAS) showed that middle-aged and older
Hispanic/Latina women living in neighborhoods with the
lowest perceived problems had higher global cognition and
memory (Estrella et al., 2020). Brown et al. (2009) reported
that a more positive neighborhood social environment was
associated with better mental health outcomes in older Hispanic
immigrants. The Cardiovascular Health Study showed that
higher neighborhood socioeconomic status (SES) was associated
with a greater general cognitive function at baseline but was
not associated with differences in change of general cognitive
function over 6 years (Rosso et al, 2016). The data from the
Chicago Health and Aging Project also highlighted the role
of neighborhood environments in buffering cognitive decline
among older adults (Clarke et al., 2015).

Early life environments may play an important role in the
development of cognitive impairment later in life, although
previous studies indicated that neighborhood quality associated
with cognitive function. However, the results were inconsistent,
and most studies used a cross-sectional design or focused on
older population (Brown et al, 2009; Murayama et al., 2013;
Rosso et al., 2016; Estrella et al., 2020; Taylor et al., 2020). On
the other hand, the association between body mass index (BMI)
and cognitive dysfunction is far from clear (Coin et al., 2012;
Delgado-Rico et al., 2012). Several studies reported that being
overweight in mid-life was associated with the increased risk of
cognitive dysfunction in later life (Kivipelto et al., 2005; Whitmer
et al., 2008), while being overweight in late life (>65 years)
decreased the subsequent risk of dementia (Fitzpatrick et al.,
2009). Moreover, compared with BMI in normal range, being
underweight or having a decrease in BMI in late life was reported
to increase the risk of dementia in elderly people (Fitzpatrick

might be the interactive effects of BMI and other risk factors
on cognitive functioning. Building upon previous research,
this study aimed to examine the longitudinal associations of
childhood neighborhood quality (CNQ) with later-life cognitive
function and the role of BMI in this association in a large
representative Chinese population.

MATERIALS AND METHODS

Study Population

The data were from the China Health and Retirement
Longitudinal Study (CHARLS), which is a nationally
representative longitudinal survey in China of the general
population aged 45 years of age or older and their spouses
(Zhao et al,, 2014). The baseline survey was conducted between
June 2011 and March 2012 and then followed every 2 years.
The CHARLS respondents were sampled using a multistage
probability sampling strategy and a probability proportional
to size sampling technique. The detailed sampling design
of the CHARLS is available elsewhere (Zhao et al., 2014).
Briefly, the residents aged 45 years or older and their spouses
living in China (including 28 provinces, municipal cities, and
autonomous regions) were first conducted through face-to-face
computer-assisted personal interviewing in June 2011, and these
participants were followed every 2 years. The baseline survey was
conducted with 17,708 individual participants, and the response
rate among eligible households was 80.5%. In this study, the
data of wave 2011, wave 2013, and wave 2015 were used.
Among the study participants, 10,721 participants completed
the cognitive function assessment at least at one wave; of them,
8289 individuals at the last wave with completed data on age,
sex, BMI, education, marital status, smoking, drinking, exercise,
family income, urban, chronic diseases, depressive symptoms,
CNQ, and cognitive function were used in the current analyses.
Supplementary Table 1 showed the differences between the
participants who were included and those who are not included
in the main analyses. CHARLS was approved by the Ethical
Review Committee at Peking University, and all participants
gave written informed consent before participation.

Childhood Neighborhood Quality

CNQ was measured with four questions (Supplementary
Table 2), for example, “Was it safe being out alone at night
in the neighborhood where you lived as a child? (Not safe at
all = 0, Not very safe = 1, Somewhat safe = 2, Very safe = 3).”
The total CNQ score of the scale ranged from 0 to 12, with a
higher score indicating the higher level of neighborhood quality
(Chen et al., 2020).
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Cognitive Function

The cognitive function was assessed using the following three
categories: (1) Episodic memory. The respondents were asked
to repeat as many words as they could recall from a list of
10 simple Chinese nouns read to him/her (immediate word
recall) and to repeat the same after 5 min (delayed recall;
Wang et al., 2017). The episodic memory score, ranging from
0 to 10, was calculated by the average correct number of
immediate and delayed word recalls; (2) Telephone Interview of
Cognitive Status (TICS). Ten mental status items were selected
from TICS to measure the orientation and attention. These
questions included the awareness of the date (year, month,
and day), the day of the week, season of the year, and a
Serial 7’s subtraction test beginning with 100 and ending at
65. Also, all participants were asked if the paper and pencil or
other aid was needed when completing the number subtraction
(NO =1 and YES = 0). The score in this category ranged
from 0 to 11; and (3) Figure drawing. Respondents were shown
a picture of two overlapped pentagons and asked to draw
a similar figure (Huang and Zhou, 2013). Respondents who
successfully completed the task received a score of 1, and
those who failed received a score of 0. The overall cognition
score was calculated by these three dimensions, ranging from
0 to 22. The higher score indicated the better cognitive
function.

Health and Lifestyle Measurements

Weight and height were measured by trained technicians
who used standardized procedures. BMI was calculated as
weight in kilograms divided by the square of height in
meters. Lifestyle and personal health-related behaviors were
collected using a standardized questionnaire. Participants
taking moderate/vigorous exercise at least 10 min/day and
at least 3 days during a usual week were defined as
exercise. Current smokers were defined as smoking at least
1 cigarette per day and currently smoking. Participants were
categorized as never drinkers (drink any alcoholic beverages
more than once a month in the past years), former drinkers
(used to drink any alcoholic beverages more than once
a month in the past), and non-drinkers. High education
was defined as having at least 12 years of education (high
school or above). The question “When you were a child
before age 17, compared to the average family in the same
community/village at that time, how was your family’s financial
situation?” formed the basis for categories of family’s financial
situation (better off, same as, and worse off). Depressive
symptom score was measured by the 10-item Center for
Epidemiological Studies—Depression Scale (CES—D10; Zhao
etal., 2014).

Statistical Methods

Continuous variables are presented as mean =+ SD, whereas
categorical variables are presented as cases (1) and percentage
(%). Differences were examined by the two-sample ¢-test
for continuous variables or by the chi-square test for
categorical variables. Multilevel linear regression models
(community-household-individual) were used to estimate

the associations of CNQ with cognitive function. The data
structure was that individual values were clustered within
households, which in turn were clustered within the community.
Univariate analyses were performed in Model 1. Model 2 was
adjusted for age and sex. In Model 3, categorical variables
(education, marital status, smoking, drinking, exercise, family
income, and urban) and continuous variables (BMI and
depressive symptoms) were further controlled. In addition,
the interactions of BMI with CNQ in the risk of cognitive
function was also estimated, in which BMI was treated as a
categorical variable (>24 and <24 kg/m?). Considering the
data were missing not at random (Supplementary Table 1),
we performed a sensitivity analysis further introducing the
repeated measurements of cognitive function in the model
(community-household-individual-repeated =~ measurement).
All analyses were performed using Stata software version 14
(STATA Corporation, TX, US). A two-sided P < 0.05 was
considered statistically significant.

RESULTS

The characteristics of the participants are presented in Table 1.
Overall, the mean age was 56.8 £ 9.3 years, and 3875 (46.8%)
were female. The score of CNQ was 89 =+ 1.7, and the
cognitive function score was 14.7 & 3.0. The characteristics were
statistically significant differences between males and females
except for exercise and living in rural area (P > 0.05).

The association between CNQ and cognitive function in
late adulthood is shown in Figure 1. The participants with
higher CNQ had a significant low risk of cognitive impairment
than those with lower CNQ score (B = 0.067, 95% CI: 0.031,
0.103; P < 0.001), and further adjusted for age, sex, BMI,
education, marital status, smoking, drinking, exercise, family
income, urban, and depressive symptoms, the results remained
similar (B = 0.039, 95% CI: 0.004, 0.075; P = 0.001).

There was an interaction between BMI with CNQ score
(Pinteraction < 0.001) for the risk of cognitive impairment, which
suggests that BMI moderates the associations between CNQ and
the risk of cognitive impairment (Figure 2). In BMI-stratified
analysis, we found that the association of CNQ and cognitive
function was not statistically significant in overweight or obese
population (B = 0.019, 95% CI: —0.032, 0.070; P = 0.467);
however, one CNQ score increase was associated with a
0.059 increase of cognitive function score in a population
with lower BMI (§ = 0.059, 95% CI: 0.010, 0.107; P = 0.018;
Table 2).

Sensitivity analyses further introduced the repeated
measurements of cognitive function in the multilevel model,
and a total of 10,721 participants with 13,843 measurements
were included in the analyses. Similar results were found and
presented in Supplementary Table 3.

DISCUSSION

We found that higher CNQ was significantly associated with the
lower risk of cognitive function in adults, and the association
was independent of SES, unhealthy behaviors, and depressive
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TABLE 1 | Characteristics of participants.

Males (n = 3,875) Females (n = 4,414) P-value

Age (years) 58.1 (67.9-58.4) 55.4 (565.1-65.7) <0.001
Body mass index (kg/m?) 23.7 (23.6-28.8) 24.6 (24.4-24.7) <0.001
High school education or higher (%) 54.6 (563.1-56.1) 50.3 (48.8-51.9) <0.001
Currently married (%) 93.0 (92.2-93.7) 90.2 (89.2-91.1) <0.001
Smoking (%) 54.3 (562.8-55.7) 4.9 (4.2-5.6) <0.001
Drinking (%)

None 40.3 (38.8-41.7) 90.1 (89.2-91) <0.001

Current 11.5 (10.6-12.5) 2.5(2.1-3.1)

Former 48.2 (46.8-49.7) 7.4 (6.6-8.2)
Exercise (%) 29.7 (28.3-31) 29.5 (28.1-30.9) 0.895
Family’s financial situation (%)

Better off 8.7 (7.9-9.6) 12.5(11.5-13.6) <0.001

Same as 54.4 (53.0-55.9) 55.6 (54.0-57.1)

Worse off 36.8 (35.5-38.3) 31.9 (30.5-33.4)
Living in rural area (%) 82.8 (81.6-83.8) 82.0 (80.8-83.2) 0.373
Depression symptom score* 8.6 (8.5-8.7) 9.8 (9.7-10.0) <0.001
Childhood neighborhood quality score 8.8 (8.8-8.9) 9.0 (9.0-9.1) <0.001
Cognitive function score 14.8 (14.7-14.9) 14.5 (14.4-14.6) <0.001

*Measured by the 10-item Center for Epidemiological Studies—Depression Scale.

Model 1 - 0.07 (0.03, 0.10) <0.001
Model 2 0.06 (0.02, 0.09) 0.001
Model 3 * 0.04 (0.00, 0.08) 0.029
T
0 12

FIGURE 1 | Association of childhood neighborhood quality (CNQ) and cognitive function in adults. Model 1: unadjusted; Model 2: adjusted for age, sex; Model 3:
adjusted for age, sex, body mass index (BMI), education, marital status, smoking, drinking, exercise, family income, urban, and depressive symptoms.

symptoms of the guardian. To our best knowledge, we firstly
reported that there was an interaction of CNQ score with BMI
level for the risk of cognitive dysfunction, indicating that high
BMI moderated the associations between CNQ and the risk of
cognitive dysfunction.

A growing body of literature has reported that the
neighborhood environments could predict the cognitive
functions across the lifespan (Leventhal and Brooks-Gunn,
2000; Sharkey and Elwert, 2011; Fernandez-Blazquez et al.,
2020). Richard et al. found that older adults living with low
neighborhood-level educational attainment achieved lower
cognitive function after controlling individual-level education
and contextual-level median household income (Wight et al.,
2006). Another research including 2,802 community-dwelling
older adults (aged 65-94 years) showed that neighborhood SES
position independently predicted late-life vocabulary function,
but not in general cognition, processing speed, reasoning, and

everyday cognition (Sisco and Marsiske, 2012). One similar study
investigated by Brandt found the associations between SES and
composite cognitive measures of cognitive status, vocabulary,
and verbal short memory in children.

Another essential CNQ indexes is neighborhood deprivation,
which was defined as a critical environmental vulnerability
factor lacking resources (e.g., scarcity of educational and
economic resources) necessary for healthy development
(Cubbin and Winkleby, 2005; Mclaughlin et al, 2014).
It has been reported that neighborhood deprivation was
adversely associated with neurodevelopment and cognitive
function (Krishnadas et al., 2013; Mclaughlin et al., 2014).
For example, the Adolescent Brain Cognitive Development
(ABCD) study with 10,205 youth showed that the neighborhood
deprivation predicted lower cognitive function including
lower neurocognitive performance and distinct prefrontal
gray matter features after controlling the variables of parental
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Numerous studies have investigated the linkage between
< BMI and cognitive dysfunction or dementia (Coin et al., 2012;

Predicted cognitive function
14.4 14.6
Il 1

14.2
I

14

T T T T T T T T T T
5 6 7 8 9 10 11 12
Childhood neighborhood quality

o
-
N -
w
IS

[——e—- BMI24  —=— BMI24

FIGURE 2 | The interaction between BMI and CNQ on cognitive function.
Age, sex, education, marital status, smoking, drinking, exercise, family
income, urban, and depressive symptoms were adjusted in the model.

education and household income (Vargas et al., 2020). Another
study conducted in the United Kingdom also revealed a
clear and significant downward trend of cognitive function
score and testing of verbal fluency and memory for older
adults with greater neighborhood deprivation exposure
(Lang et al., 2008).

Underlying mechanisms between CNQ and cognitive
function have not been fully studied. One potential explanation
could be biosocial ecological theory, which refers to the
interactions between individual’s development and their
childhood environment (Bronfenbrenner and Morris, 1998).
Children growing up in neighborhood with poor quality may
have less access to positive social conditions, such as social
cohesions and parent-child interaction (Nettle and Cockerill,
2010; Hanson et al., 2011), which may lead the poor cognitive
function in the future. It has been reported that, compared
to children from high-income neighborhoods, those from
low-income communities have lower cognitive assessment
scores, poorer health behaviors (e.g., help-seeking), and
more chances of food insecurity (Kimbro and Denney, 2013;
Brotman et al, 2016; Morrissey et al., 2016). Several studies
further demonstrated that the environment of the childhood
neighborhood was one of the determinants of their short- and
long-term physical and mental health patterns, academic skills,
and economic status in the future (Brotman et al., 2016; Chetty
etal., 2016; Wolf et al., 2017).

Delgado-Rico et al., 2012), but the results are very mixed. Some
studies showed that higher baseline BMI was associated with
increased risk of dementia and cognitive function (Gustafson
et al, 2012; Gu et al, 2014; Deckers et al., 2017), while
others observed an inverse association in individuals at age
65 years and older (Hughes et al., 2009; Nettle and Cockerill,
2010; Tolppanen et al., 2014). Some studies even reported a
U-shaped relation between BMI and dementia at older ages
(Luchsinger et al., 2007; Beydoun et al., 2008; Michaud et al.,
2018b). Our results were in line with previous studies in which
the authors reported that high baseline BMI was associated
with slower progression of functional or cognitive declines
(Besser et al., 2014; Michaud et al., 2018a). This study showed
that there is an interaction between CNQ score with BMI
value for the risk of cognitive dysfunction, suggesting that
CNQ may mutually modify the association between BMI and
cognitive function. This may be a novel avenue to explain
the “obesity paradox,” and it should be considered in the
future studies.

Limitations and Strengths

One major strength was that we investigated the longitudinal
associations between CNQ score with cognitive function using
a large, nationally representative sample. Another strength point
was that we adjusted as much confounding as possible in our
study, such as childhood SES and depressive symptoms in the
male and female guardian, etc., which might be associated with
cognitive function in adults. There were also several limitations
in our study. One limitation is that not all risk factors for
cognition assessment, such as genotypes and trauma, were
available in this study. Another limitation is that CNQ data were
retrospectively assessed, and self-report measures of CNQ data
may be sensitive to recall bias.

CONCLUSION

In conclusion, this study showed that higher CNQ was
significantly associated with the lower score of cognitive
assessment in adults. For the first time, we reported that
high BMI moderates the association between CNQ and the
risk of cognitive dysfunction, indicating that considering
interactions of BMI and other risk factors of cognitive
dysfunction in further studies may help to explain the “obesity
paradox.” Establishing a comprehensive community, family,
and government intervention model to improve neighborhood

TABLE 2 | Association of childhood neighborhood quality and cognitive function in adults by body mass index.

Body mass index >24 (N = 3,939)

Body mass index <24 (N = 4,350)

B 95% Cl P-value [} 95% ClI P-value
Model 1 0.045 —0.007, 0.098 0.091 0.092 0.042, 0.141 <0.001
Model 2 0.049 —0.002, 0.100 0.062 0.078 0.030, 0.127 0.002
Model 3 0.019 —0.032, 0.070 0.467 0.059 0.010, 0.107 0.018

ClI, confidence interval. Model 1: unadjusted; Model 2: adjusted for age, sex; Model 3: adjusted for age, sex, body mass index, education, marital status, smoking, drinking, exercise,

family income, urban, and depressive symptoms.
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quality may reduce the burden of cognitive dysfunction in
the population. Also, the interactions between BMI and other
covariances should be considered in further studies exploring the
risk factors of cognitive dysfunction.
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