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Abstract: Grandchild caregiving is suggested to improve the elderly’s cognitive function, but the
specific relationship remains under-investigated. Considering gender disparity, this study aimed to
understand the relationship between grandchild caregiving and cognition. In total, 7236 Chinese
residents (≥45 years old) were selected from the 2015 China Health and Retirement Longitudinal
Study (CHARLS). The China Health and Retirement Longitudinal Study Harmonized Cognitive
Assessment Protocol (CHARLS-HCAP) was used to measure cognition. Grandparenting was mea-
sured from three dimensions: caregiving frequency, intensity, and the number of grandchildren
cared for. The relationship was examined by multivariate linear regression, with age as a moderator.
The results showed that the majority of respondents provided care to their grandchildren, espe-
cially grandmothers. Grandchild caregiving was positively associated with cognition (β = 0.686,
95% CI = 0.334–1.038), especially in the older-aged group. Moderate, not regular grandparenting,
or caring for one grandchild was more positively associated with cognitive function. However,
intensive and regular grandchild care was significantly associated with cognition only in men. No
moderating effects of age were found in women. The study confirmed that moderate intensity and
frequency of caregiving was related to better cognitive function in middle-aged and older Chinese
population, whereas cultural context and gender differences could be considered when designing
targeted policies.

Keywords: grandparent caregiving; cognitive function; gender differences; China

1. Introduction

With the global population aging [1], the age-related cognitive decline [2,3] has be-
come a worldwide public health issue. It not only damages physical and mental health,
increasing the economic, physical, and psychological burden of family caregivers [4,5], but
also increases the cost to family, community, and government [6]. Moreover, dementia
is diagnosed when cognitive impairment develops seriously enough to affect daily ac-
tivities [7,8], and most of the dementia will occur in low- and middle-income countries
(LMICs) [9]. In China, as one of the LMICs [10] and the most populous country in the
world [11], cognitive impairment has become a severe health problem for the elderly
population. However, like other LMICs, China also lacks sufficient professional mental
health resources [12,13] due to the high demand for professional resources [14,15], along
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with a relatively low public awareness rate of cognitive impairment [16]. Therefore, China
urgently needs a more widespread and cost-effective way to address this issue.

Caring for grandchildren has both broad applicability and potential effectiveness.
Numerous studies have suggested that social connections and productive activities are
beneficial not only to physical health, e.g., helping treat chronic diseases [17] but also to
mental health, e.g., improving cognitive function in the elderly [18–20]. As one of the pro-
ductive activities [21,22], grandparent caregiving is more common for the Chinese elderly
due to China’s special social [23] and cultural [24] background. Moreover, considering
the fact that grandparent caregiving has a gender-specific nature that women are seen as
primary caregivers [25], it is customary for grandmothers to provide care to grandchildren,
especially in intensive grandchild care [26].

Some studies have proposed that grandparents may bear different role-taking mecha-
nisms during their caregiving activities, namely “role enhancement theory” [27] or “role
strain theory” [28]. The relationship between grandparent caregiving and cognition in
the middle-aged and older adults has not been determined. Studies have shown that
caring for grandchildren may maintain the cognition of the elderly due to its positive
nature [29]. Grandparent caregiving may be a huge demand on caregivers, both socially
and emotionally, and may require relatively large cognitive resources [30], which could
delay cognitive function decline [31]. Similarly, caring for grandchildren could increase
grandparents’ daily activities [32], such as having fun with grandchildren to encourage
physical activities and help them feel more energetic and young, thereby increasing their
social participation and improving cognition [33,34].

Nevertheless, a negative association between grandparent caregiving and cognition
was also observed. Some studies found that grandparent caregiving may cause stress,
limit other forms of social participation, and reduce self-care in the elderly, thus negatively
affecting cognitive function and mental health [35,36]. Moreover, a handful of research
further investigated the frequency [36], intensity [37], number of grandchildren [38], and
cohabitation of grandparent caregiving [39], but also failed to reach an agreement on the
optimal patterns of grandparenting that can contribute to cognition [40–42]. In other words,
caring for grandchildren and its relationship with cognition is a multidimensional concept
that needs further study. Meanwhile, most research is conducted in Western countries,
leaving China and other LMICs uninvestigated.

Given this, we hypothesized that a positive association between grandparent care-
giving and cognitive function among the middle-aged and elderly Chinese existed. Thus,
our study aimed to investigate the patterns of grandparent caregiving and explore its
relationship with cognitive function from three dimensions, including intensity, frequency,
and the number of grandchildren they cared for. Furthermore, considering the gendered
nature of grandparent caregiving that compared with men, women play a more important
role in the care of grandchildren [43–45], and the potential interactions between age and
grandparenting, this study was carried out with gender differences and the moderating
effect of age taken into consideration.

2. Materials and Methods
2.1. Study Sample

The data were extracted from the China Health and Retirement Longitudinal Study
(CHARLS) Wave 4 (2015) survey [46], which is a nationally representative longitudinal sur-
vey. The CHALRS collects the demographic and socioeconomic data of Chinese residents
aged 45 years and above, as well as health behaviors and health-related outcomes. The
baseline survey was conducted in 2011 and followed up in 2013, 2014, and 2015. Using a
multistage probability-proportional-to-size (PPS) sampling technique [46,47], CHARLS sur-
veyed with 28 provinces, 450 villages or communities in 150 districts or counties covered,
and 21,097 individuals aged 45 years and older in 12,221 households were investigated in
2015 [48]. Considering that grandparent caregiving may have contemporaneous impacts on
mental health and some short-term effects may diminish over time [49], we only employed
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Wave 4 data and selected 7236 participants according to the following criteria: (1) aged
45 and older; (2) provided information on both grandparent caregiving and cognitive
function.

2.2. Variables
2.2.1. Outcome Variables

Cognitive function was measured by the China Health and Retirement Longitudinal
Study Harmonized Cognitive Assessment Protocol (CHARLS-HCAP) [50], which was
similar to the U.S. Health and Retirement Study (HRS) [51] and has been proven feasible
and valid to be used in the CHARLS sample and hospital samples [50]. Similar to the
HRS, the CHARLS-HCAP combined items from several scales, including Mini-mental State
Examination (MMSE) and Consortium to Establish a Registry for Alzheimer’s Disease
(CERAD). The CHALRS adopts Date Naming, Serial 7′s test, and drawing of overlapping
pentagons from MMSE [50], and adopts the CERAD version’s key components of imme-
diate and delayed word recall to measure memory [52]. As a result, considering that the
measures in CHARLS included components of different scales and referring to previous
studies using the CHARLS data [53–55], no cutoffs have been employed in our study.

Based upon previous studies using the data from HRS [51] and CHARLS [53–55],
respectively, we assessed the two dimensions of cognitive function separately: episodic
memory and mental status (Table 1). Specifically speaking, the tests in CHARLS measured
four aspects of cognitive function, ranging from 0 to 31 points, representing the overall
cognitive status of the respondents: episodic memory, orientation, visuoconstruction, and
mathematical performance [56]. The higher the scores, the better the cognitive function [55].
In CHARLS, episodic memory was assessed by immediate and delayed word recall, which
was to test respondents’ capacity to repeat after reading ten Chinese nouns in any order
immediately and four minutes later, respectively. Both of them ranged from 0 to 10 points.
By summing the immediate and delayed recall scores, the total score of episodic memory
was 20 points. Mental status consisted of orientation, visuoconstruction, and mathematical
performance, ranging from 0 to 11 points. Orientation was measured using a five-item
scale that asks participants to name the day, month, year, season, and correct day of the
week. Visuoconstruction was measured by asking participants to re-draw a previously
shown picture accurately (0–1 point). The mathematical performance was assessed by
asking participants to subtract 7 from 100 up to 5 times (0–5 points).

Table 1. Items adopted for the neuropsychological tests for China Health and Retirement Longitudi-
nal Study Harmonized Cognitive Assessment Protocol (CHARLS-HCAP).

Cognitive Function Items Total Scores

Episodic Memory

Immediate word recall: by asking participants to
repeat after reading ten Chinese nouns in any order

immediately
10

Delayed word recall: by asking participants to
repeat after reading ten Chinese nouns in any order

four minutes later
10

Mental Status

Orientation: by asking participants to name the day,
month, year, season, and correct day of the week 5

Visuoconstruction: by asking participants to re-draw
a previously shown picture accurately 1

Mathematical performance: by asking participants
to subtract 7 from 100 up to 5 times 5

Total 31
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2.2.2. Explanatory Variables

In the CHARLS 2015 questionnaire, grandparent caregiving was measured by the
following questions: (1) Did you spend time caring for your grandchildren last year; (2) if
yes, which child’s children did you provide care for; (3) how many weeks and how many
hours per week did you spend caring for this child’s children approximately.

Intensity: according to the respondents’ answers on how many hours they spent on
caring for grandchildren per week, the average number of hours the grandparents looked
after their grandchildren was 33.4 h per week, roughly equivalent to holding a full-time
job. By referring to the previous study that used a standard working time of 5 days a week
and 8 h a day as a cutoff [57], and based on the principle of averaging the sample size of
each category, this continuous variable was divided into three categories: Never/Moderate
grandchild care (1–39 h)/ Intensive grandchild care (≥40 h).

Frequency: according to the respondents’ answer about how many weeks a year
they spent caring for their grandchildren, the average number of weeks the grandparents
cared for their grandchildren was 19 weeks a year, roughly equivalent to half a year.
Considering that some participants had no caregiving activities, this continuous variable
was divided into three categories according to the principle of averaging the sample size of
each category: Never/Not regularly (≤half a year: 1–26 weeks)/Regularly (≥half a year:
≥26 weeks).

Number of grandchildren: according to the respondents’ answers on which grandchil-
dren they took care of and considering that some participants had no caregiving activities,
the continuous variable was divided into three categories based upon the principle of
averaging the sample size of each category: 0/1/≥2.

2.2.3. Control Variables

Table 2 presents the codes and (or) definitions of all control variables referred from
prior studies [58–60].

Table 2. Codes/definition of the control variables.

Variable Codes/Definition

Gender 1 = Male; 2 = Female

Age
≥45 years, calculated by the respondent’s birth
year and month minus the interview year and
month

Residence *

0 = Urban; 1 = Rural/Residence is defined by
household living region. Whether the region
was rural or urban was defined by the National
Bureau of Statistics of the People’s Republic of
China

Education 1 = illiterate; 2 = ≤primary school; 3 = middle
school; 4 = ≥high school

Marital Status 1 = divorced/widowed/single; 2 =
married/cohabitating

Retired 0 = No; 1 = Yes

Personal Income Yuan, the sum of all personal income of
respondents

Drinking 0 = No; 1 = Yes, if the respondent has had an
alcoholic beverage in the last 12 months

Smoking 0 = No; 1 = Yes, if the respondent is still
smoking currently
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Table 2. Cont.

Variable Codes/Definition

Number of Types of Chronic Diseases (NCDs)

0 = none; 1 = one type of chronic disease; 2 =
two types of chronic disease; 3 = three types of
chronic disease and above/chronic diseases
included whether the respondent reported
having hypertension, diabetes or high blood
sugar, cancer, chronic lung disease, heart
problem, stroke, psychiatric problem, and
arthritis

Activities of Daily Living (ADLs)

0 = No; 1 = Yes, if the respondent experiences
any difficulty dressing, bathing and showering,
eating, getting in and out of bed, using the
toilet, and controlling urination and defecation

Living Near Children 0 = No; 1 = Yes, if any child is co-residing with
the respondent and his/her spouse or partner

Economic Support
0 = No; 1 = Yes, if the respondent or spouse has
received economic support from any of their
children in the past year

Weekly Contact
0 = No; 1 = Yes, if a respondent or spouse has
any weekly contact with any of their children
in person

* The definition of residence was quoted from the Harmonized CHARLS Documentation [61].

2.3. Data Analysis

Percentages and frequencies were calculated for descriptive data. Chi-square test
for categorical variables and Wilcoxon rank sum test and independent sample T-test for
continuous variables were performed to test gender differences. One-way ANOVA test
was performed to analyze the cognition performance in different grandchild caregiving
patterns. After controlling for potentially confounding variables, multivariate linear re-
gression analysis was employed to assess the association between grandparent caregiving
and cognition in the whole sample and each gender group. In order to avoid the potential
multicollinearity, different caregiver types were entered separately as a single explanatory
variable. Additionally, whether relations were moderated by age was examined. A moder-
ating effect was indicated by a significant interaction of grandchildren caregiving patterns
×moderator age. In all regression analyses, the predictor variables were mean-centered.
Coefficients (β1) and their 95% confidence intervals (95% CIs) were employed to depict
the associated effect. The data were analyzed by R Version 3.5.1 (Bell Laboratories, Wien,
Austria).

3. Results
3.1. Basic Characteristics of the Participants

Table 3 shows the basic characteristics of the whole participants, as well as male/female
subgroups. The median age was 62 years old. Of the 7236 participants, greater proportions
were rural residents (62.10%), with a primary school or lower level of education (44.03%),
having a partner (79.91%), and not retired (65.10%). Moreover, most participants did not
drink alcohol (63.90%) or smoke (70.10%); suffered from at least one type of NCD (82.90%),
experienced no difficulty in activities of daily living (78.50%); lived near children (54.20%),
had weekly contact with children (78.30%), and received economic support (93.00%) from
them.
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Table 3. Sample characteristics of the selected participants.

Variable

Total Men Women
p(n = 7236) (n = 3879) (n = 3357)

n (%) n (%) n (%)

Age <0.001 b

Median (Min, Max) 62 (45, 101) 63 (45, 92) 60 (45, 101)

Residence <0.001 a

Urban 2743 (37.9) 1376 (35.5) 1367 (40.7)
Rural 4493 (62.1) 2503 (64.5) 1990 (59.3)

Education <0.001 a

Illiterate 1107 (21.8) 275 (10.1) 832 (35.5)
≤Primary school 2237 (44.0) 1297 (47.4) 940 (40.1)

Middle school 1117 (22.0) 721 (26.4) 396 (16.9)
≥High school 620 (11.2) 442 (16.2) 178 (7.6)

Missing 2155 1144 1011

Marital Status <0.001 a

Divorced/widowed/single 1454 (20.1) 479 (12.3) 975 (29.0)
Married/cohabitating 5782 (79.9) 3400 (87.7) 2382 (71.0)

Retired <0.001 a

No 4622 (65.1) 2694 (70.7) 1928 (58.6)
Yes 2476 (34.9) 1114 (29.3) 1362 (41.4)

Missing 138 71 67

Personal Income 0.155 b

Median (Min, Max) 2640 (−65,775,
650,150)

2605 (−65,775,
302,562)

2700 (−8450,
650,150)

Missing 3611 1917 1694

Drinking <0.001 a

No 4624 (63.9) 1766 (45.6) 2858 (85.2)
Yes 2608 (36.1) 2111 (54.4) 497 (14.8)

Missing 4 2 2

Smoking <0.001 a

No 5072 (70.1) 1904 (49.1) 3168 (94.4)
Yes 2159 (29.9) 1971 (50.9) 188 (5.6)

Missing 5 4 1

Number of Types of
NCDs <0.001 a

0 1015 (17.1) 608 (18.9) 407 (14.8)
1 1449 (24.3) 820 (25.5) 629 (22.9)
2 1324 (22.2) 694 (21.6) 630 (23.0)
≥3 2164 (36.4) 1088 (33.9) 1076 (39.2)

Missing 1284 669 615

ADLs <0.001 a

No 5630 (78.5) 3152 (82.0) 2478 (74.4)
Yes 1544 (21.5) 693 (18.0) 851 (25.6)

Missing 62 34 28

Living Near Children 0.001 a

No 3313 (45.8) 1849 (47.7) 1464 (43.6)
Yes 3923 (54.2) 2030 (52.3) 1893 (56.4)
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Table 3. Cont.

Variable

Total Men Women
p(n = 7236) (n = 3879) (n = 3357)

n (%) n (%) n (%)

Economic Support 0.010 a

No 504 (7.0) 298 (7.7) 206 (43.6)
Yes 6732 (93.0) 3581 (92.3) 3151 (93.9)

Weekly Contact <0.001 a

No 1570 (21.7) 930 (24.0) 640 (19.1)
Yes 5663 (78.3) 2946 (76.0) 2717 (80.9)

Missing 3 3 0

Cognitive function <0.001 c

Mean (SD) 13.97 (5.50) 14.63 (5.09) 13.20 (5.84)

N.B. Total percentages of some variables are not equal to 100 due to rounding. a—Outcomes of χ2, b—outcomes
of Wilcoxon rank sum test, c—outcomes of independent sample t-test.

As shown in Table 3, gender differences in sociodemographic characteristics and
health status were also significant. Compared with women, men had a higher education
level, a greater proportion of alcohol and tobacco consumption, but a lower retirement rate,
and suffered less from chronic disease and activities of daily living (ADLs). Furthermore,
men scored significantly higher than women in cognition (15 vs. 13). Moreover, a lower
proportion of men lived with their children, received economic support, and contacted
with them than women.

3.2. Patterns of Grandparent Caregiving

Table 4 presents the frequency, intensity, and the number of grandchildren respondents
cared for. In general, over half of respondents cared for their grandchildren (52.90%).
Amongst those who provided care, 26.19% provided care not regularly, with the intensity
of 40 h and above a week (29.53%) to one grandchild (42.03%). Significant differences
between men and women were also observed. Compared with male counterparts, women
were the primary caregivers for their grandchildren regarding frequency (24.65% vs. 21.30%
care regularly) and intensity (32.88% vs. 26.46% intensive grandchild care).

Table 4. Patterns of grandparent caregiving in male vs. female respondents.

Variable

Total Men Women
p(n = 7236) (n = 3879) (n = 3357)

n (%) n (%) n (%)

Care
Grandchildren 0.477 a

No 3408 (47.1) 1842 (47.5) 1566 (46.6)
Yes 3828 (52.9) 2037 (52.5) 1791 (53.4)

Frequency <0.001 a

Never 3408 (50.9) 1842 (52.7) 1566 (49.0)
Not regularly 1753 (26.2) 910 (26.0) 843 (26.4)

Regularly 1533 (22.9) 745 (21.3) 788 (24.7)
Missing 294 151 143

Intensity <0.001 a

Never 3408 (51.0) 1842 (52.8) 1566 (49.0)
Moderate

grandchild care 1300 (19.5) 723 (20.7) 577 (18.0)
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Table 4. Cont.

Variable

Total Men Women
p(n = 7236) (n = 3879) (n = 3357)

n (%) n (%) n (%)

Intensive
grandchild care 1973 (29.5) 923 (26.5) 1050 (32.9)

Missing 274 140 134

Number of
Grandchildren 0.135 a

None 3408 (47.7) 1842 (48.1) 1566 (47.2)
1 3004 (42.0) 1576 (41.1) 1428 (43.1)
≥2 735 (10.3) 414 (10.8) 321 (9.7)

N.B. Total percentages of some variables are not equal to 100 due to rounding. a—Outcomes of χ2.

3.3. Cognitive Function in Different Patterns of Grandparent Caregiving

Table 5 presents the mean and standard deviation (SD) of cognitive function in dif-
ferent grandparent caregiving patterns, as well as the cognitive differences in specific
caregiving patterns. In general, significant differences in cognitive function existed among
different patterns of grandchildren caregiving. The respondents who cared for their grand-
children had higher cognitive scores than their counterparts with no caregiving activities,
and the trend was the same in the two gender subgroups.

Table 5. Cognitive function in different patterns of grandparent caregiving.

Variable

Total
(n = 7236) p

Men
(n = 3879) p

Women
(n = 3357) p

Mean (SD) Mean (SD) Mean (SD)

Care
Grandchil-

dren

No 13.01 (5.66)
<0.001 c 13.84 (5.24)

<0.001 c 12.04 (5.96)
<0.001 c

Yes 14.82 (5.21) 15.35 (4.85) 14.22 (5.54)

Frequency

Never 13.16 (5.64)

<0.001 d

13.98 (5.23)

<0.001 d

12.07 (5.98)

<0.001 dNot
regularly 15.12 (5.02) 15.58 (4.67) 14.56 (5.35)

Regularly 14.81 (5.23) 15.45 (4.78) 14.18 (5.56)

Intensity

Never 13.16 (5.64)

<0.001 d

13.99 (5.22)

<0.001 d

12.09 (5.97)

<0.001 d

Moderate
grandchild

care
14.69 (5.27) 15.44 (4.72) 13.74 (5.76)

Intensive
grandchild

care
14.98 (5.12) 15.50 (4.81) 14.52 (5.35)

Number of
Grandchil-

dren

None 13.05 (5.65)
<0.001 d

13.87 (5.23)
<0.001 d

12.10 (5.97)
<0.001 d1 14.99 (5.14) 15.52 (4.76) 14.41 (5.48)

≥2 14.13 (5.42) 14.74 (5.16) 13.35 (5.65)
N.B. Total percentages of some variables are not equal to 100 due to rounding. c—Outcomes of independent
sample t-test, d—outcomes of one-way ANOVA test.
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3.4. Relationship between Grandparent Caregiving and Cognitive Function

Results from the multivariate linear regressions of the relationship between grand-
parent caregiving and cognition for all participants and each gender group are reported
in Table 6. Broadly speaking, caring for grandchildren was significantly associated with
cognition. Providing moderate or not regular grandchild care was more strongly associated
with cognition than intensive or regular grandchild care. The trend was similar to the trend
for the number of grandchildren cared for, in that, compared with taking care of two or
more grandchildren, caring for only one grandchild was more positively associated with
cognitive function.

Table 6. Associations between cognition and patterns of grandparent caregiving.

Variable

Model 1: Total Model 2: Men Model 3: Women

β (SE) β (SE) β (SE)

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

Care Grandchildren
(reference: No)

0.692 *** (0.179) 0.703 ** (0.233) 0.744 ** (0.275)

(0.340, 1.043) (0.245, 1.160) (0.203, 1.284)

Care Grandchildren × Age
0.068 ** (0.021) 0.099 *** (0.029) 0.045 (0.032)

(0.026, 0.110) (0.043, 0.155) (−0.017, 0.108)

Age
−0.140 *** (0.015) −0.154 *** (0.020) −0.136 *** (0.023)

(−0.170, −0.110) (−0.194, −0.114) (−0.181, −0.090)

Intensity (reference: Never)

Moderate grandchild care
0.965 *** (0.239) 0.797 ** (0.309) 1.346 *** (0.371)

(0.496, 1.434) (0.191, 1.403) (0.618, 2.074)

Moderate grandchild care
× Age

0.102 *** (0.031) 0.138 *** (0.039) 0.066 (0.049)

(0.042, 0.162) (0.061, 0.215) (−0.030, 0.162)

Intensive grandchild care
0.456 * (0.214) 0.619 * (0.286) 0.334 (0.318)

(0.037, 0.875) (0.057, 1.181) (−0.290, 0.958)

Intensive grandchild care
× Age

0.040 (0.027) 0.058 (0.038) 0.027 (0.038)

(−0.012, 0.092) (−0.016, 0.132) (−0.047, 0.102)

Age
−0.142 *** (0.015) −0.154 *** (0.020) −0.139 *** (0.023)

(−0.171, −0.113) (−0.193, −0.116) (−0.184, −0.094)

Frequency (reference:
Never)

Not Regularly
0.807 *** (0.222) 0.633 * (0.292) 1.051 ** (0.334)

(0.372, 1.241) (0.061, 1.205) (0.395, 1.707)

Not Regularly × Age
0.049 + (0.027) 0.096 * (0.038) 0.025 (0.041)

(−0.005, 0.103) (0.022, 0.170) (−0.054, 0.105)

Regularly
0.578 * (0.227) 0.880 ** (0.300) 0.376 (0.344)

(0.132, 1.023) (0.292, 1.468) (−0.299, 1.050)

Regularly × Age
0.093 ** (0.029) 0.111 **(0.039) 0.067 (0.044)

(0.036, 0.150) (0.034, 0.188) (−0.018, 0.153)

Age
−0.143 *** (0.015) −0.158 *** (0.020) −0.139 *** (0.023)

(−0.173, −0.113) (−0.197, −0.119) (−0.184, −0.094)
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Table 6. Cont.

Variable

Model 1: Total Model 2: Men Model 3: Women

β (SE) β (SE) β (SE)

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

Number of Grandchildren
(reference: No)

1 child
0.677 *** (0.190) 0.620 * (0.247) 0.788 ** (0.291)

(0.305, 1.049) (0.135, 1.105) (0.218, 1.359)

1 child × Age
0.058 * (0.022) 0.089 ** (0.031) 0.041 (0.035)

(0.013, 0.103) (0.028, 0.149) (−0.026, 0.109)

≥2 children
0.556 + (0.302) 0.755 + (0.403) 0.626 (0.461)

(−0.035, 1.148) (−0.035, 1.545) (−0.278, 1.529)

≥2 children × Age
0.068 (0.042) 0.115 * (0.058) 0.019 (0.060)

(−0.013, 0.150) (0.002, 0.229) (−0.097, 0.136)

Age
−0.130 *** (0.015) −0.150 *** (0.020) −0.132 *** (0.023)

(−0.165, −0.106) (−0.189, −0.111) (−0.177, −0.087)

R2
adjusted 0.33~0.35 0.26~0.28 0.40~0.41

VIF 1~3 1~3 1~3
N.B. All models were adjusted for age, education, marital status, residence, retirement, personal income, drinking,
smoking, number of types of chronic diseases, ADLs, living near children, economic support, and weekly contact;
+: p < 0.1; *: p < 0.05; **: p < 0.01; ***: p < 0.001.

Similar relationships were found between grandchild care and cognitive function in
different gender subgroups. A positive association between grandparent caregiving and
cognition was significant in both men and women, with lower intensity, lower frequency,
and one grandchild to care for. However, providing intensive and regular grandchild care
was significantly associated with cognition only for male respondents.

Interaction analysis revealed that in the whole sample, age moderated the positive
associations between grandchildren care and cognition (Table 6). These associations were
more pronounced in the older aged group, especially among those who provided moderate
care to one grandchild. Similar relationships were also found in the male subgroup.
However, we did not find such a moderating effect in the female subgroup.

Furthermore, by referring to previous studies [62–64], we employed R2
adjusted and

variance inflation factor (VIF) to measure the effect size and multicollinearity of the multi-
variable linear regression model, respectively. In all three models, the value of R2

adjusted
> 0.26 and VIF < 10, which suggested that the effect size was relatively large [65] and the
strength of association between dependent and predictable variables was moderate [63], as
well as that the multicollinearity was weak in our three models [64].

4. Discussion

This study advances the knowledge on the relationship between grandparent care-
giving and cognition function in the middle-aged and older Chinese population, based
on which, we further conducted a detailed analysis of the association between grand-
parent caregiving and cognition within each gender group, as well as considering three
dimensions of care: frequency, intensity, and the number of grandchildren.

4.1. Prevalence of Grandparent Caregiving

The finding outlined a high prevalence of grandparent caregiving in the middle-aged
and older Chinese population (≥50%), which is similar to the results from research con-
ducted in China [42] and other countries [66,67]. The underlying reason might be that,
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with more mothers working in the labor market and rising separation and divorce levels,
grandparents are now playing an increasingly significant role in child caregiving [68,69].
Additionally, rooted in the filial piety of Confucian norm [70], it is more common for
older adults to live with their children and grandchildren in China [71], whereas the
majority of grandparents in Western countries conform to a norm of non-interference in
intergenerational relationships and do not play a central role in caring their grandchil-
dren [72]. Moreover, although dramatically changing as a result of China’s socioeconomic
development, the historically strong tie between grandparents and grandchildren has
persisted [73,74]; as more young adults migrate to search for better economic opportunities,
a large number of children have been left behind and are often cared for by their grandpar-
ents [75]. This suggests that caring for grandchildren is common and plays an active role
in China’s childcare system.

4.2. The Relationship between Grandparent Caregiving and Cognition

The present study found a significantly positive association between grandparent
caregiving and cognitive function. Similar findings can be retrieved from previous stud-
ies [37,76]. We explain our findings based on three potential cognitive mechanisms: first,
enhance cognition by improving physiological functionality [77]. To be more specific,
the underlying reasons might be as follows: First, it increases mental stimulation and
therefore enhances brain function [78,79]. During the process of caretaking activities, such
as living arrangements for grandchildren and the direct or indirect transmission of indi-
vidual experience and knowledge, they might strengthen their mental stimulation and
cognitive function by practicing their cognitive skills in learning, thinking, and reason-
ing [80]. Second, grandparents perform various grandparental roles—prior studies have
categorized them into four major functions: fun seeker, daily life helper, the reservoir of
family wisdom, and surrogate parent [81–83]. In this case, grandparent caregiving might
have different impacts on cognitive function through various caretaking activities. For
instance, through daily life activities such as cleaning the house, washing clothes, feeding,
dressing, and bathing, grandparents’ daily activity levels could be improved [84], as well
as their mobility and physiological functionality [85]. Third, it mitigates the stress-related
impact on cognition [2]. For older adults, grandparenthood can be a meaningful source
of leisure [86], which provides them with enjoyable experiences and chances to develop
relationships with family members, gives a sense of purpose, and is a source of personal
satisfaction or growth [87,88], and even reduces the risk of depression [89]. This could also
be supported by the role enhancement theory that grandparents who help to care for their
grandchildren could promote an active lifestyle and gain emotional and social support by
interacting with others [90], as well as attain social gratification and integration from their
various social roles [91]. The demand for multiple roles could help increase social support
and offset the risks of role strain [92], which might mitigate the stress-related impact, and
as a result, be helpful to maintain cognitive function status.

On the other hand, some previous studies have suggested that dementia or other
cognitive impairment could cause disability and affect individuals’ capacity to accomplish
daily routines. This may result in the inability to live independently [78,93] and provide
care for their grandchildren. Some studies also suggested that the prevalence of depression
in older adults with cognitive impairment was higher than that in the general population,
regardless of age, race, or gender [94,95]. Consequently, the opposite direction of causality
could also be considered, and there is a need for further research.

We also investigated the relationship between patterns of grandparent caregiving and
cognition. The results showed that, although intensive and regular grandchild care was
positively associated with cognition, providing lower-intensive and frequent grandchild
care to fewer grandchildren were more strongly related to cognitive function, which is
similar to the findings in prior studies [36,38,96,97]. The reasons might be that intensive
and regular caregiving requires grandparents to invest more time and energy, which could
cause physical burden and take away resources from them, and consequently, brings more
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pressure and responsibilities to grandparent caregivers [32,35], compromises physical
and mental health [98], and to some extent, offsets the good effects characterized by the
grandparental role [99].

4.3. Gender Differences

To sum up, significant gender differences existed in cognitive status, grandparent
caregiving patterns, and its association with cognition.

Significant differences in cognitive function status in men/women subgroups were
observed. Compared with female respondents, male respondents scored significantly
higher, which can be supported by prior research conducted in China [53,100]. Inspired
by previous studies that a positive correlation between socioeconomic status (SES) and
mental health existed [101], this may be because levels of education [102] and income [103]
are positively related to cognitive function, and in China’s context, Chinese females have
historically lower levels of education and income [53], and retire from jobs earlier than
men [45], which could result in female disparity in cognition. This finding reveals that
women’s cognitive function is relatively poor and more urgent may be needed help to
enhance female cognitive function.

In addition, we also revealed different patterns of differences by gender that grand-
mothers provided more intensive and regular care to grandchildren than grandfathers,
which is consistent with a previous study [104]. This could be explained partly by the
grandmother hypothesis [44,105] that in the case of older females whose fertility declines,
especially post-menopausal women who are nearly infertile, they tend to invest resources
to raise their grandchildren rather than continue to reproduce themselves. This care could
have not only endowed their daughters with greater fertility to resume reproduction sooner
but also increased their own fitness and benefited their more prolonged survival [106].
Moreover, in China, women often have lower education and income levels, retire earlier
than men, and often bear the major responsibility for nurturing family members by social
norms [45]. As a result, women are in relatively lower socioeconomic groups and are less
able to say no to grandparent caregiving [107]. Therefore, they may invest more time and
effort to look after their grandchildren. This echoes our proposition that gender differences
should be considered when investigating the patterns of grandparent caregiving and their
relationship with cognition in the middle-aged and older Chinese population.

Our study further examined the correlation between patterns of grandparent caregiv-
ing and cognitive function in middle-aged and older Chinese residents, and no significant
differences were observed in gender groups. Caring for grandchildren was positively
statistically related to cognition in men and women, mainly manifested in moderate and
irregular care for one grandchild. The reason might be the same with the discussion in the
whole sample. Interestingly, providing intensive and regular care to grandchildren was sig-
nificantly related to cognition only in male respondents. We speculate that, on the one hand,
this may be due to different activities involved in grandparent caregiving. Regarding inten-
sive grandparent caregiving, grandfathers usually play the role of a playmate, fun-seeker,
and companion, while grandmothers more possibly undertake more intensive responsibil-
ities, such as feeding, dressing, and bathing [108]. Hence, grandmothers may feel more
stressed and powerless in the face of intensive caregiving. On the other hand, differences
in personality characteristics between men and women are also significant, in that, women
are emotion-oriented or interpersonally oriented regarding coping strategies, revolving
around expressiveness and sensitivity [109], while men are usually task-oriented [110].
Grandmothers generally contact more frequently and report greater closeness with their
grandchildren than grandfathers [111]. They tend to care for grandchildren more directly
and spend more time with them, which may bring them more burden and pressure from
grandparent caregiving. Moreover, compared with men, women are more susceptible to
stress than men, and their stress response is stronger [112,113]. Meanwhile, a physiological
stress response could be caused by stress, which is thought to be the biological basis for the
link between stress and cognitive function. The hypothalamic–pituitary–adrenal axis could
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be activated, and the stress hormone cortisol is secreted in the stress response. Cortisol can
cross the blood–brain barrier into the brain and bind to receptors in different brain areas,
such as the frontal lobe, hippocampus, and amygdala, which are all related to cognitive
functions, such as learning and memory [114–116]. Additionally, stress is closely related to
depression [117], and depression is one of the risk factors of cognitive decline [118]. To some
extent, intensive care for grandchildren may counteract the beneficial effect on women’s
cognitive function, and intensive care of grandchildren was only related to cognition in
male grandparents.

The present study also revealed that women had worse cognitive function and were
more likely to provide intensive grandchild care. However, during the process of inten-
sive grandchild care, this cognitive vulnerability may be underscored by grandmothers’
tendency to ignore their own health in favor of their grandchildren [119], and to some
extent, counteracts the positive effects of caring for grandchildren on cognitive function.
The study, therefore, reminds policymakers to consider gender differences when making
policies regarding improving and maintaining cognitive function.

4.4. Moderating Effect of Age

In general, the association between grandparenting and cognitive performance was
closer in older adults than their middle-aged counterparts. This was especially the case
for those who cared for fewer grandchildren with lower intensity. We further explored
gender differences and found out that the moderating effects of age held in men, whereas
no moderating role of age was observed in women. The possible reason might be that
their social interaction became relatively less and limited as they aged, especially after
retirement. As one of the very few types of social interactions, grandchild caregiving
becomes a more important activity that could help improve their mobility and increase
positive health behaviors [119], as well as expand social participation and develop an active
lifestyle [120]. This may have positive effects on the health and cognitive function of older
adults [41,42]. Compared with male counterparts, women may have more opportunities to
take part in different types of social activities after retirement, such as square dance [121]
or mahjong [122], and taking care of their grandchildren is one of the ways to socialize,
thus it may counteract the positive effects of grandparenting on cognition.

4.5. Strength and Limitations

To the best of our knowledge, this study is the first one to investigate the relationship
between caregiving for grandchildren and cognition in middle-aged and older Chinese
people from various dimensions, including intensity, frequency, and the number of grand-
children cared for. Meanwhile, it is also one of the very few studies that examined gender
disparities, which is particularly important considering the gendered nature of cognition
and grandparenting patterns. Our findings add further insights into the correlation be-
tween the specific patterns of grandparent caregiving and older adults’ cognitive function
in each gender group. They not only inform that lower intensity, frequency of care, and
fewer number of grandchildren cared for may be more beneficial to cognition, but also
remind that social programs and interventions for preventing cognitive aging should be
designed with gender differences taken into consideration.

The study also has the following limitations. First, causal relationships could not be
inferred, although considering the contemporaneous impacts of grandparent caregiving
on mental health [49]. Second, grandparent caregiving variables were self-reported and
measured in the last year, which may have some recall bias. Third, whether grandparents
co-habited with their grandchildren, what kind of activities grandparents participated in,
or what type of role the grandparents fulfilled was not studied due to the data availability,
which may also affect cognitive function. Fourth, due to the limited number of older par-
ticipants caring for their grandchildren, the relationship between grandparent caregiving
and cognitive function in the older-aged population in China might not have been fully
represented. Lastly, the CHARLS-HCAP is a self-report screening tool rather than a clinical



Int. J. Environ. Res. Public Health 2021, 18, 21 14 of 18

diagnostic measure. The extent of cognitive impairment or the clinical diagnosis of the
cognitive impairment could be not obtained.

5. Conclusions

This study has yielded three main findings: (1) Caregiving for grandchildren was
related to better cognitive function, whereas the magnitude depended largely on the
frequency and intensity of care. (2) Cognitive function and patterns of caregiving varied
by gender subgroups, where women were primary grandchildren caregivers and suffered
from worse cognitive function than men. The positive association between caregiving
and cognitive function generally held similar in two subgroups, except that a statistically
significant association between intensive and regular grandchildren care and cognitive
function was only found in men. (3) A moderating effect of age on the association between
grandchild caregiving and cognition was found, especially in the older-aged group who
provided moderate care to one grandchild. Similar relationships were found in men,
whereas no such moderating effect was observed in women.

Author Contributions: Conceptualization, R.W.; methodology, S.L., L.Q., and R.W.; software, S.L.;
formal analysis, S.L. and R.W.; resources, L.Q., J.X., J.Y., and R.W.; data curation, S.L. and L.Q.;
writing—original draft preparation, S.L.; writing—review and editing, J.X., J.Y., and R.W.; supervision,
R.W.; project administration, S.L. and R.W.; funding acquisition, R.W. All authors have read and
agreed to the published version of the manuscript.

Funding: This study was funded by the National Natural Science Foundation of China (no. 71704059)
and the Fundamental Research Funds for the Central Universities (no. 2017KFYXJJ156).

Data Availability Statement: Datasets are distributable only by CHARLS team. They are available in
the public domain through 395 registrations on CHARLS website: http://charls.pku.edu.cn/zh-CN
and are also available on request from the corresponding author.

Acknowledgments: The authors thank the CHARLS research team and all respondents for their
contribution.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Lutz, W.; Sanderson, W.; Scherbov, S. The coming acceleration of global population ageing. Nature 2008, 451, 716–719. [CrossRef]

[PubMed]
2. Kremen, W.S.; Lachman, M.E.; Pruessner, J.C.; Sliwinski, M.; Wilson, R.S. Mechanisms of Age-Related Cognitive Change and

Targets for Intervention: Social Interactions and Stress. J Gerontol. A Biol. Sci. Med. Sci. 2012, 67, 760–765. [CrossRef] [PubMed]
3. Costa, A. Charting age-associated cognitive decline. Can. Med. Assoc. J. 2017, 189, E1470–E1471. [CrossRef] [PubMed]
4. Cheng, S.-T. Dementia Caregiver Burden: A Research Update and Critical Analysis. Curr. Psychiatry Rep. 2017, 19, 64. [CrossRef]
5. Pinquart, M.; Sorensen, S. Differences between caregivers and noncaregivers in psychological health and physical health: A

meta-analysis. Psychol. Aging 2003, 18, 250–267. [CrossRef]
6. World Health Organization. Global Action Plan on the Public Health Response to Dementia (2017–2025); World Health Organization:

Geneva, Switzerland, 2017.
7. McKhann, G.; Drachman, D.; Folstein, M.; Katzman, R.; Price, D.; Stadlan, E.M. Clinical diagnosis of Alzheimer’s disease:

Report of the NINCDS-ADRDA Work Group under the auspices of Department of Health and Human Services Task Force on
Alzheimer’s Disease. Neurology 1984, 34, 939–944. [CrossRef]

8. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders; American Psychiatric Association:
Washington, DC, USA, 2000.

9. Prince, M.; Wimo, A.; Guerchet, M.; Ali, G.-C.; Wu, Y.-T.; Prina, M. World Alzheimer Report 2015—The Global Impact of Dementia: An
Analysis of Prevalence, Incidence, Cost and Trends; Alzheimer’s Disease International: London, UK, 2015.

10. World Bank. World Bank List of Global Economics; World Bank: Washington, DC, USA, 2018.
11. United Nations. World Population Prospects: The 2015 Revision, Key Findings and Advance Tables; United Nations: New York, NY,

USA, 2015; p. 66.
12. Medlive. CPA2019: Current Situation and Prospect of Mental Health Work in China. Available online: http://news.medlive.cn/

psy/info-progress/show-156410_60.html (accessed on 12 April 2020).
13. World Health Organization. Mental Health Atlas 2017; World Health Organization: Geneva, Switzerland, 2018.

http://charls.pku.edu.cn/zh-CN
http://dx.doi.org/10.1038/nature06516
http://www.ncbi.nlm.nih.gov/pubmed/18204438
http://dx.doi.org/10.1093/gerona/gls125
http://www.ncbi.nlm.nih.gov/pubmed/22570134
http://dx.doi.org/10.1503/cmaj.171295
http://www.ncbi.nlm.nih.gov/pubmed/29203615
http://dx.doi.org/10.1007/s11920-017-0818-2
http://dx.doi.org/10.1037/0882-7974.18.2.250
http://dx.doi.org/10.1212/WNL.34.7.939
http://news.medlive.cn/psy/info-progress/show-156410_60.html
http://news.medlive.cn/psy/info-progress/show-156410_60.html


Int. J. Environ. Res. Public Health 2021, 18, 21 15 of 18

14. Milner, A.J.; Carter, G.; Pirkis, J.; Robinson, J.; Spittal, M.J. Letters, green cards, telephone calls and postcards: Systematic and
meta-analytic review of brief contact interventions for reducing self-harm, suicide attempts and suicide. Br. J. Psychiatry 2015,
206, 184–190. [CrossRef]

15. Peck, K.R.; Smitherman, T.A.; Baskin, S.M. Traditional and Alternative Treatments for Depression: Implications for Migraine
Management. Headache 2015, 55, 351–355. [CrossRef]

16. Liu, D.; Yang, J.; Liu, G.; Huang, E.; Jiang, S.; Huang, Y.; Zeng, Y.; Xu, L.; Ou, Y.; Cheng, G. Survey of cognitive dysfunction
awareness status quo among chinese residents. Med. Soc. 2019, 32, 80–84. [CrossRef]

17. Gu, L.; Wu, S.; Zhao, S.; Zhou, H.; Zhang, S.; Gao, M.; Qu, Z.; Zhang, W.; Tian, D. Association of Social Support and Medication
Adherence in Chinese Patients with Type 2 Diabetes Mellitus. Int. J. Environ. Res. Public Health 2017, 14. [CrossRef]

18. Hughes, T.F.; Flatt, J.D.; Fu, B.; Chang, C.-C.H.; Ganguli, M. Engagement in social activities and progression from mild to severe
cognitive impairment: The MYHAT study. Int. Psychogeriatr. 2013, 25, 587–595. [CrossRef] [PubMed]

19. Thomas, P.A. Trajectories of Social Engagement and Limitations in Late Life. J. Health Soc. Behav. 2011, 52, 430–443. [CrossRef]
[PubMed]

20. Peng, D.; Fei, W. Productive Ageing in China: Development of Concepts and Policy Practice. Ageing Int. 2013, 38, 4–14. [CrossRef]
21. Liu, H.; Lou, V.W.Q. Patterns of productive activity engagement as a longitudinal predictor of depressive symptoms among older

adults in urban China. Aging Ment. Health 2017, 21, 1147–1154. [CrossRef] [PubMed]
22. Li, Y.; Xu, L.; Chi, I.; Guo, P. Participation in Productive Activities and Health Outcomes among Older Adults in Urban China.

Gerontologist 2014, 54, 784–796. [CrossRef]
23. Short, S.E.; Zhai, F.Y.; Xu, S.Y.; Yang, M.L. China’s one-child policy and the care of children: An analysis of qualitative and

quantitative data. Soc. Forces 2001, 79, 913–943. [CrossRef]
24. Yasuda, T.; Iwai, N.; Yi, C.-C.; Xie, G. Intergenerational Coresidence in China, Japan, South Korea and Taiwan: Comparative

Analyses Based on the East Asian Social Survey 2006. J. Comp. Fam. Stud. 2011, 42, 703–722. [CrossRef]
25. Prokos, A.H.; Keene, J.R. The Life Course and Cumulative Disadvantage: Poverty among Grandmother-Headed Families.

Res. Aging 2012, 34, 592–621. [CrossRef]
26. Lee, J.; Bauer, J.W. Motivations for Providing and Utilizing Child Care by Grandmothers in South Korea. J. Marriage Fam. 2013,

75, 381–402. [CrossRef]
27. Sieber, S.D. Toward a Theory of Role Accumulation. Am. Sociolog. Rev. 1974, 39, 567–578. [CrossRef]
28. Goode, W.J. A Theory of Role Strain. Am. Sociolog. Rev. 1960, 25, 483–496. [CrossRef]
29. Sneed, R.S.; Schulz, R. Grandparent Caregiving, Race, and Cognitive Functioning in a Population-Based Sample of Older Adults.

J. Aging Health 2019, 31, 415–438. [CrossRef]
30. Allen, J.S.; Bruss, J.; Damasio, H. The aging brain: The cognitive reserve hypothesis and hominid evolution. Am. J. Hum. Biolog.

2005, 17, 673–689. [CrossRef]
31. Fried, L.P.; Carlson, M.C.; Freedman, M.; Frick, K.D.; Glass, T.A.; Hill, J.; McGill, S.; Rebok, G.W.; Seeman, T.; Tielsch, J.; et al. A

social model for health promotion for an aging population: Initial evidence on the experience corps model. J. Urban Health 2004,
81, 64–78. [CrossRef] [PubMed]

32. Jendrek, M.P. Grandparents Who Parent Their Grandchildren: Effects on Lifestyle. J. Marriage Fam. 1993, 55, 609–621. [CrossRef]
33. Villar, F.; Celdran, M.; Triado, C. Grandmothers Offering Regular Auxiliary Care for Their Grandchildren: An Expression of

Generativity in Later Life? J. Women Aging 2012, 24, 292–312. [CrossRef]
34. Fuller-Thomson, E.; Serbinski, S.; McCormack, L. The rewards of caring for grandchildren: Black Canadian grandmothers who

are custodial parents, co-parents, and extensive babysitters. Contemporary J. Res. Prac. Policy 2014, 1, 4–31.
35. Minkler, M. Intergenerational Households Headed by Grandparents: Contexts, Realities, and Implications for Policy. J. Aging Stud.

1999, 13, 199–218. [CrossRef]
36. Burn, K.F.; Henderson, V.W.; Ames, D.; Dennerstein, L.; Szoeke, C. Role of grandparenting in postmenopausal women’s cognitive

health: Results from the Women’s Healthy Aging Project. Menopause 2014, 21, 1069–1074. [CrossRef] [PubMed]
37. Arpino, B.; Bordone, V. Does Grandparenting Pay Off? The Effect of Child Care on Grandparents’ Cognitive Functioning.

J. Marriage Fam. 2014, 76, 337–351. [CrossRef]
38. Guo-Gui, H.; Peng, D.U.; Gong, C. The Impacts of the Children Care on Grandparent’s Health among the Chinese Old People.

Popul. Develop. 2016, 22, 93–100. [CrossRef]
39. Chen, F.; Liu, G. The Health Implications of Grandparents Caring for Grandchildren in China. J. Gerontol. B Psychol. Sci. Soc. Sci.

2012, 67, 99–112. [CrossRef]
40. Song, L.; Li, L. Use It or Lose It? The Impact of Grandchild-Caring on Grandparents’ Cognitive Functioning in Rural China; XVIII ISA

World Congress of Sociology: Yokohama, Japan, 2014.
41. Grundy, E.M.; Albala, C.; Allen, E.; Dangour, A.D.; Elbourne, D.; Uauy, R. Grandparenting and psychosocial health among older

Chileans: A longitudinal analysis. Aging Ment. Health 2012, 16, 1047–1057. [CrossRef]
42. Burn, K.; Szoeke, C. Is grandparenting a form of social engagement that benefits cognition in ageing? Maturitas 2015, 80, 122–125.

[CrossRef]
43. van Bodegom, D.; Rozing, M.; May, L.; Kuningas, M.; Thomese, F.; Meij, H.; Westendorp, R. When Grandmothers Matter.

Gerontology 2010, 56, 214–216. [CrossRef]

http://dx.doi.org/10.1192/bjp.bp.114.147819
http://dx.doi.org/10.1111/head.12521
http://dx.doi.org/10.13723/j.yxysh.2019.08.020
http://dx.doi.org/10.3390/ijerph14121522
http://dx.doi.org/10.1017/S1041610212002086
http://www.ncbi.nlm.nih.gov/pubmed/23257280
http://dx.doi.org/10.1177/0022146511411922
http://www.ncbi.nlm.nih.gov/pubmed/22144732
http://dx.doi.org/10.1007/s12126-012-9169-9
http://dx.doi.org/10.1080/13607863.2016.1204983
http://www.ncbi.nlm.nih.gov/pubmed/27392120
http://dx.doi.org/10.1093/geront/gnt106
http://dx.doi.org/10.1353/sof.2001.0025
http://dx.doi.org/10.3138/jcfs.42.5.703
http://dx.doi.org/10.1177/0164027511423383
http://dx.doi.org/10.1111/jomf.12014
http://dx.doi.org/10.2307/2094422
http://dx.doi.org/10.2307/2092933
http://dx.doi.org/10.1177/0898264317733362
http://dx.doi.org/10.1002/ajhb.20439
http://dx.doi.org/10.1093/jurban/jth094
http://www.ncbi.nlm.nih.gov/pubmed/15047786
http://dx.doi.org/10.2307/353342
http://dx.doi.org/10.1080/08952841.2012.708576
http://dx.doi.org/10.1016/S0890-4065(99)80051-6
http://dx.doi.org/10.1097/GME.0000000000000236
http://www.ncbi.nlm.nih.gov/pubmed/24714623
http://dx.doi.org/10.1111/jomf.12096
http://dx.doi.org/10.3969/j.issn.1674-1668.2016.06.010
http://dx.doi.org/10.1093/geronb/gbr132
http://dx.doi.org/10.1080/13607863.2012.692766
http://dx.doi.org/10.1016/j.maturitas.2014.10.017
http://dx.doi.org/10.1159/000255170


Int. J. Environ. Res. Public Health 2021, 18, 21 16 of 18

44. Hawkes, K.; O’Connell, J.F.; Jones, N.G.B.; Alvarez, H.; Charnov, E.L. Grandmothering, menopause, and the evolution of human
life histories. Proc. Natl. Acad. Sci. USA 1998, 95, 1336–1339. [CrossRef]

45. Zhang, W.; Feng, Q.; Liu, L.; Zhen, Z. Social Engagement and Health: Findings From the 2013 Survey of the Shanghai Elderly Life
and Opinion. Int. J. Aging Hum. Develop. 2015, 80, 332–356. [CrossRef]

46. Zhao, Y.; Hu, Y.; Smith, J.P.; Strauss, J.; Yang, G. Cohort Profile: The China Health and Retirement Longitudinal Study (CHARLS).
Int. J. Epidemiol. 2014, 43, 61–68. [CrossRef]

47. Feng, X.L.; Pang, M.F.; Beard, J. Health system strengthening and hypertension awareness, treatment and control: Data from the
China Health and Retirement Longitudinal Study. Bull. World Health Organ. 2014, 92, 29–41. [CrossRef]

48. Fu, X.; Sun, N.; Xu, F.; Li, J.; Tang, Q.; He, J.; Wang, D.; Sun, C. Influencing factors of inequity in health services utilization among
the elderly in China. Int. J. Equity Health 2018, 17, 144. [CrossRef]

49. Croezen, S.; Avendano, M.; Burdorf, A.; van Lenthe, F.J. Social Participation and Depression in Old Age: A Fixed-Effects Analysis
in 10 European Countries. Am. J. Epidemiol. 2015, 182, 168–176. [CrossRef]

50. Meng, Q.; Wang, H.; Strauss, J.; Langa, K.M.; Chen, X.; Wang, M.; Qu, Q.; Chen, W.; Kuang, W.; Zhang, N.; et al. Validation of
neuropsychological tests for the China Health and Retirement Longitudinal Study Harmonized Cognitive Assessment Protocol.
Int. Psychoger. 2019, 31, 1709–1719. [CrossRef]

51. McArdle, J.J.; Fisher, G.G.; Kadlec, K.M. Latent variable analyses of age trends of cognition in the health and retirement study,
1992–2004. Psychol. Aging 2007, 22, 525–545. [CrossRef]

52. Fillenbaum, G.G.; van Belle, G.; Morris, J.C.; Mohs, R.C.; Mirra, S.S.; Davis, P.C.; Tariot, P.N.; Silverman, J.M.; Clark, C.M.; Welsh-
Bohmer, K.A.; et al. Consortium to establish a registry for Alzheimer’s disease (CERAD): The first twenty years. Alzheimers Dement.
2008, 4, 96–109. [CrossRef]

53. Lei, X.; Smith, J.P.; Sun, X.; Zhao, Y. Gender Differences in Cognition in China and Reasons for Change over Time: Evidence from
CHARLS. J. Econom. Ageing 2014, 4, 46–55. [CrossRef]

54. Zhu, H.L.; Zeng, X.Q. Social activities and the cognition of rural older adults—Evidence from 2011–2015 CHARLS Data.
China Labor 2019, 9, 25–39.

55. Luo, Y.; Pan, X.; Zhang, Z. Productive activities and cognitive decline among older adults in China: Evidence from the China
Health and Retirement Longitudinal Study. Soc. Sci. Med. 2019, 229, 96–105. [CrossRef]

56. Xiang, Y.; Zare, H.; Guan, C.; Gaskin, D. The impact of rural-urban community settings on cognitive decline: Results from a
nationally-representative sample of seniors in China. BMC Geriatr. 2018, 18, 323. [CrossRef]

57. Kim, J.; Park, E.-C.; Choi, Y.; Lee, H.; Lee, S.G. The impact of intensive grandchild care on depressive symptoms among older
Koreans. Int. J. Geriatr. Psychiatry 2017, 32, 1381–1391. [CrossRef]

58. Zelezna, L. Care-giving to grandchildren and elderly parents: Role conflict or family solidarity? Ageing Soc. 2018, 38, 974–994.
[CrossRef]

59. Di Gessa, G.; Glaser, K.; Tinker, A. The impact of caring for grandchildren on the health of grandparents in Europe: A lifecourse
approach. Soc. Sci. Med. 2016, 152, 166–175. [CrossRef]

60. Ates, M. Does grandchild care influence grandparents’ self-rated health? Evidence from a fixed effects approach. Soc. Sci. Med.
2017, 190, 67–74. [CrossRef]

61. Sidney, B.; Sandy, C.; Samuel, L.; Ashley, L.; Drystan, P.; Jenny, W.; Lee, J. Harmonized CHARLS Documentation; USC Program on
Global Aging, Health, and Policy: Beijing, China, 2018; pp. 1–428.

62. Vacha-Haase, T.; Thompson, B. How to estimate and interpret various effect sizes. J. Couns. Psychol. 2004, 51, 473–481. [CrossRef]
63. Ferguson, C.J. An effect size primer: A guide for clinicians and researchers. Prof. Psychol. Res. Pr. 2009, 40, 532–538. [CrossRef]
64. Montgomery, D.C.; Peck, E.A.; Vining, G.G. Introduction to Linear Regression Analysis; John Wiley & Sons Inc.: New York, NY, USA,

1982.
65. Cohen, J.A. Power primer. Psychol. Bull. 1992, 112, 155–159. [CrossRef]
66. Glaser, K.F.; Di Gessa, G.; Ribe, E.; Tinker, A.; Price, D. Grandparenting in Europe—The role of family policy environments,

cultures and structures on grandparent childcare. Gerontologist 2012, 52, 698.
67. Hank, K.; Buber, I. Grandparents Caring for Their Grandchildren Findings From the 2004 Survey of Health, Ageing, and

Retirement in Europe. J. Fam. Issues 2009, 30, 53–73. [CrossRef]
68. Aassve, A.; Arpino, B.; Goisis, A. Grandparenting and mothers’ labour force participation: A comparative analysis using the

generations and gender survey. Demogr. Res. 2012, 27, 53–83. [CrossRef]
69. King, V. The legacy of a grandparent’s divorce: Consequences for ties between grandparents and grandchildren. J.Marriage Fam.

2003, 65, 170–183. [CrossRef]
70. Chen, F.; Liu, G.; Mair, C.A. Intergenerational Ties in Context: Grandparents Caring for Grandchildren in China. Soc. Forces 2011,

90, 571–594. [CrossRef]
71. Unger, J. Urban Families in the Eighties: An Analysis of Chinese Surveys; University of California Press: Berkeley, CA, USA, 1993.
72. Cherlin, A.J.; Furstenberg, F.F. The new American Grandparent: A Place in the Family, a Life Apart; Basic Books: New York, NY, USA,

1986.
73. Chen, F.; Short, S.E.; Entwisle, B. The impact of grandparental proximity on maternal childcare in China. Pop. Res. Policy Rev.

2000, 19, 571–590. [CrossRef]

http://dx.doi.org/10.1073/pnas.95.3.1336
http://dx.doi.org/10.1177/0091415015603173
http://dx.doi.org/10.1093/ije/dys203
http://dx.doi.org/10.2471/BLT.13.124495
http://dx.doi.org/10.1186/s12939-018-0861-6
http://dx.doi.org/10.1093/aje/kwv015
http://dx.doi.org/10.1017/S1041610219000693
http://dx.doi.org/10.1037/0882-7974.22.3.525
http://dx.doi.org/10.1016/j.jalz.2007.08.005
http://dx.doi.org/10.1016/j.jeoa.2013.11.001
http://dx.doi.org/10.1016/j.socscimed.2018.09.052
http://dx.doi.org/10.1186/s12877-018-1003-0
http://dx.doi.org/10.1002/gps.4625
http://dx.doi.org/10.1017/S0144686X16001434
http://dx.doi.org/10.1016/j.socscimed.2016.01.041
http://dx.doi.org/10.1016/j.socscimed.2017.08.021
http://dx.doi.org/10.1037/0022-0167.51.4.473
http://dx.doi.org/10.1037/a0015808
http://dx.doi.org/10.1037/0033-2909.112.1.155
http://dx.doi.org/10.1177/0192513X08322627
http://dx.doi.org/10.4054/DemRes.2012.27.3
http://dx.doi.org/10.1111/j.1741-3737.2003.00170.x
http://dx.doi.org/10.1093/sf/sor012
http://dx.doi.org/10.1023/A:1010618302144


Int. J. Environ. Res. Public Health 2021, 18, 21 17 of 18

74. Logan, J.R.; Bian, F.Q.; Bian, Y.J. Tradition and change in the urban Chinese family: The case of living arrangements. Soc. Forces
1998, 76, 851–882. [CrossRef]

75. Zhou, F.; Duan, C. An overview on left-behind children in China. Popul. J. 2006, 3, 61–62.
76. Burn, K.; Szoeke, C. Grandparenting predicts late-life cognition: Results from the Women’s Healthy Ageing Project. Maturitas

2015, 81, 317–322. [CrossRef]
77. Skoog, I.; Lernfelt, B.; Landahl, S.; Palmertz, B.; Andreasson, L.-A.; Nilsson, L.; Persson, G.; Oden, A.; Svanborg, A. 15-year

longitudinal study of blood pressure and dementia. Lancet 1996, 347, 1141–1145. [CrossRef]
78. Livingston, G.; Sommerlad, A.; Orgeta, V.; Costafreda, S.G.; Huntley, J.; Ames, D.; Ballard, C.; Banerjee, S.; Burns, A.; Cohen-

Mansfield, J.; et al. Dementia prevention, intervention, and care. Lancet 2017, 390, 2673–2734. [CrossRef]
79. Kuiper, J.S.; Zuidersma, M.; Voshaar, R.C.O.; Zuidema, S.U.; van den Heuvel, E.R.; Stolk, R.P.; Smidt, N. Social relationships

and risk of dementia: A systematic review and meta-analysis of longitudinal cohort studies. Ageing Res. Rev. 2015, 22, 39–57.
[CrossRef]

80. Stern, Y. Cognitive reserve in ageing and Alzheimer’s disease. Lancet Neurol. 2012, 11, 1006–1012. [CrossRef]
81. Neugarten, B.L.; Weinstein, K.K.J.J.o.M. The Changing American Grandparent. J. Marriage Fam. 1964, 26, 199–204. [CrossRef]
82. Kornhaber, A. Contemporary Grandparenting; Sage: London, UK, 1997.
83. Sheehan, N.W.; Petrovic, K. Grandparents and their adult grandchildren: Recurring themes from the literature. Marriage Fam. Rev.

2008, 44, 99–124. [CrossRef]
84. Cong, Z.; Silverstein, M. Caring for grandchildren and intergenerational support in rural China: A gendered extended family

perspective. Ageing Soc. 2012, 32, 425–450. [CrossRef]
85. Ku, L.-J.E.; Stearns, S.C.; Van Houtven, C.H.; Lee, S.-Y.D.; Dilworth-Anderson, P.; Konrad, T.R. Impact of Caring for Grandchildren

on the Health of Grandparents in Taiwan. J.Gerontol. B Psychol. Sci. Soc. Sci. 2013, 68, 1009–1021. [CrossRef] [PubMed]
86. Liechty, T.; Genoe, M.R. Older Men’s Perceptions of Leisure and Aging. Leis. Sci. 2013, 35, 438–454. [CrossRef]
87. Campbell, A.; Yang, J. Leisure innovation among post-retirement women in north-eastern China. Ann. Leis. Res. 2011, 14, 325–340.

[CrossRef]
88. Betsy, W. Grandmotherhood as leisure? World Leis. Recr. 1996, 38, 15–19. [CrossRef]
89. Tsai, F.-J.; Motamed, S.; Rougemont, A. The protective effect of taking care of grandchildren on elders’ mental health? Associations

between changing patterns of intergenerational exchanges and the reduction of elders’ loneliness and depression between 1993
and 2007 in Taiwan. BMC Public Health 2013, 13. [CrossRef]

90. Holtzman, R.E.; Rebok, G.W.; Saczynski, J.S.; Kouzis, A.C.; Doyle, K.W.; Eaton, W.W. Social network characteristics and cognition
in middle-aged and older adults. J. Gerontol. B Psychol. Sci. Soc. Sci. 2004, 59, P278–P284. [CrossRef]

91. Moen, P.; Robison, J.; Dempstermcclain, D. Caregiving and womens well-being—A life-course approach. J. Health Soc. Behav.
1995, 36, 259–273. [CrossRef]

92. Szinovacz, M.E.; Davey, A. Effects of retirement and grandchild care on depressive symptoms. Int. J. Aging Hum. Dev. 2006,
62, 1–20. [CrossRef]

93. Frankish, H.; Horton, R. Prevention and management of dementia: A priority for public health. Lancet 2017, 390, 2614–2615.
[CrossRef]

94. Lee, Y.; Shinkai, S. Correlates of cognitive impairment and depressive symptoms among older adults in Korea and Japan. Int. J.
Geriatr. Psychiatry 2005, 20, 576–586. [CrossRef] [PubMed]

95. Copeland, J.R.M.; Beekman, A.T.F.; Braam, A.W.; Dewey, M.E.; Delespaul, P.; Fuhrer, R.; Hooijer, C.; Lawlor, B.A.; Kivela, S.-L.;
Lobo, A.; et al. Depression among older people in Europe: The EURODEP studies. World Psychiatry 2004, 3, 45–49.

96. Musil, C.M.; Gordon, N.L.; Warner, C.B.; Zauszniewski, J.A.; Standing, T.; Wykle, M. Grandmothers and Caregiving to Grandchil-
dren: Continuity, Change, and Outcomes over 24 Months. Gerontologist 2011, 51, 86–100. [CrossRef] [PubMed]

97. Jun, H.J. Educational Differences in the Cognitive Functioning of Grandmothers Caring for Grandchildren in South Korea. Res.
Aging 2015, 37, 500–523. [CrossRef] [PubMed]

98. Taylor, M.F.; Marquis, R.; Batten, R.; Coall, D. Understanding the Mental Health Travails of Custodial Grandparents. Occup. Ther.
Ment. Health 2016, 32, 259–280. [CrossRef]

99. Landry-Meyer, L.; Gerard, J.M.; Guzell, J.R. Caregiver Stress Among Grandparents Raising Grandchildren: The Functional Role
of Social Support. Marriage Fam. Rev. 2005, 37, 171–190. [CrossRef]

100. Yen, Y.C.; Yang, M.J.; Shih, C.H.; Lung, F.W. Cognitive impairment and associated risk factors among aged community members.
Int. J. Geriatr. Psychiatry 2004, 19, 564–569. [CrossRef]

101. Xu, H.; Vorderstrasse, A.A.; McConnell, E.S.; Dupre, M.E.; Ostbye, T.; Bei, W. Migration and cognitive function: A conceptual
framework for Global Health Research. Global Health Res. Policy 2018, 3. [CrossRef]

102. Alley, D.; Suthers, K.; Crimmins, E. Education and cognitive decline in older Americans—Results from the AHEAD sample. Res.
Aging 2007, 29, 73–94. [CrossRef]

103. Mukadam, N.; Sommerlad, A.; Huntley, J.; Livingston, G. Population attributable fractions for risk factors for dementia in
low-income and middle-income countries: An analysis using cross-sectional survey data. Lancet Global Health 2019, 7, E596–E603.
[CrossRef]

104. Zamberletti, J.; Cavrini, G.; Tomassini, C. Grandparents providing childcare in Italy. Eur. J. Ageing 2018, 15, 265–275. [CrossRef]
105. Williams, G.C. Pleiotropy, natural selection and the evolution of senescence. Evolution 1957, 11, 398–411. [CrossRef]

http://dx.doi.org/10.2307/3005696
http://dx.doi.org/10.1016/j.maturitas.2015.03.013
http://dx.doi.org/10.1016/S0140-6736(96)90608-X
http://dx.doi.org/10.1016/S0140-6736(17)31363-6
http://dx.doi.org/10.1016/j.arr.2015.04.006
http://dx.doi.org/10.1016/S1474-4422(12)70191-6
http://dx.doi.org/10.2307/349727
http://dx.doi.org/10.1080/01494920802185520
http://dx.doi.org/10.1017/S0144686X11000420
http://dx.doi.org/10.1093/geronb/gbt090
http://www.ncbi.nlm.nih.gov/pubmed/24056691
http://dx.doi.org/10.1080/01490400.2013.831287
http://dx.doi.org/10.1080/11745398.2011.639354
http://dx.doi.org/10.1080/10261133.1996.9674037
http://dx.doi.org/10.1186/1471-2458-13-567
http://dx.doi.org/10.1093/geronb/59.6.P278
http://dx.doi.org/10.2307/2137342
http://dx.doi.org/10.2190/8Q46-GJX4-M2VM-W60V
http://dx.doi.org/10.1016/S0140-6736(17)31756-7
http://dx.doi.org/10.1002/gps.1313
http://www.ncbi.nlm.nih.gov/pubmed/15920709
http://dx.doi.org/10.1093/geront/gnq061
http://www.ncbi.nlm.nih.gov/pubmed/20724656
http://dx.doi.org/10.1177/0164027514545239
http://www.ncbi.nlm.nih.gov/pubmed/25651581
http://dx.doi.org/10.1080/0164212X.2015.1136255
http://dx.doi.org/10.1300/J002v37n01_11
http://dx.doi.org/10.1002/gps.1131
http://dx.doi.org/10.1186/s41256-018-0088-5
http://dx.doi.org/10.1177/0164027506294245
http://dx.doi.org/10.1016/S2214-109X(19)30074-9
http://dx.doi.org/10.1007/s10433-018-0479-y
http://dx.doi.org/10.1111/j.1558-5646.1957.tb02911.x


Int. J. Environ. Res. Public Health 2021, 18, 21 18 of 18

106. Hawkes, K. Grandmothers and the evolution of human longevity. Am. J. Hum. Biol. 2003, 15, 380–400. [CrossRef] [PubMed]
107. McGarrigle, C.A.; Timonen, V.; Layte, R. Choice and Constraint in the Negotiation of the Grandparent Role: A Mixed-Methods

Study. Gerontol. Geriatr. Med. 2018, 4. [CrossRef]
108. Xu, H. Physical and mental health of Chinese grandparents caring for grandchildren and great-grandparents. Soc. Sci. Med. 2019,

229, 106–116. [CrossRef]
109. Emilia, F.; Cabral-Cardoso, C. Gender asymmetries and the manager stereotype among management students. Women Manag. Rev.

2003, 18, 77–87. [CrossRef]
110. Forsyth, D.R.; Schlenker, B.R.; Leary, M.R.; McCown, N.E. Self-presentational determinants of sex differences in leadership

behavior. Small Group Behav. 1985, 16, 197–210. [CrossRef]
111. Silverstein, M.; Marenco, A. How Americans enact the grandparent role across the family life course. J. Fam. Issues 2001,

22, 493–522. [CrossRef]
112. Glei, D.A.; Goldman, N.; Liu, I.W.; Weinstein, M. Sex differences in trajectories of depressive symptoms among older Taiwanese:

The contribution of selected stressors and social factors. Aging Ment. Health 2013, 17, 773–783. [CrossRef]
113. Katsuyama, H.; Tomita, M.; Okuyama, T.; Hidaka, K.; Watanabe, Y.; Tamechika, Y.; Fushimi, S.; Saijoh, K. 5HTT polymorphisms

are associated with job stress in Japanese workers. Leg. Med. (Tokyo) 2009, 11, S473–S476. [CrossRef]
114. Van Praag, H.M.; De Kloet, R.; Van Os, J. Stress, the Brain and Depression; Cambridge University Press: Cambridge, UK, 2005.
115. Lupien, S.J.; Maheu, F.; Tu, M.; Fiocco, A.; Schramek, T.E. The effects of stress and stress hormones on human cognition:

Implications for the field of brain and cognition. Brain Cogn. 2007, 65, 209–237. [CrossRef] [PubMed]
116. McEwen, B.S. Physiology and neurobiology of stress and adaptation: Central role of the brain. Physiol. Rev. 2007, 87, 873–904.

[CrossRef] [PubMed]
117. Hammen, C. Stress and depression. Annu. Rev. Clin. Psychol. 2005, 1, 293–319. [CrossRef] [PubMed]
118. Wilson, R.S.; Arnold, S.E.; Schneider, J.A.; Li, Y.; Bennett, D.A. Chronic distress, age-related neuropathology, and late-life dementia.

Psychosom. Med. 2007, 69, 47–53. [CrossRef]
119. Baker, L.A.; Silverstein, M. Preventive Health Behaviors among Grandmothers Raising Grandchildren. J. Gerontol. B Psychol. Sci.

Soc. Sci. 2008, 63, S304–S311. [CrossRef] [PubMed]
120. Agate, J.R.; Agate, S.T.; Liechty, T.; Cochran, L.J. ‘Roots and wings’: An exploration of intergenerational play. J. Intergener. Relationsh.

2018, 16, 395–421. [CrossRef]
121. Ying, S.J. An Analysis on the Social Development of Square Dancing. In 2015 International Conference on Psychology, Information

Science & Library Science, Lee, G., Ed.; Information Engineering Research Inst: Newark, NJ, USA, 2015; Volume 84, pp. 97–101.
122. Lu, C.-M.; Chang, M.-Y.; Chu, M.-C. Effects of mahjong on the cognitive function of middle-aged and older people. Int. J.

Geriatr. Psychiatry 2015, 30, 995–997. [CrossRef]

http://dx.doi.org/10.1002/ajhb.10156
http://www.ncbi.nlm.nih.gov/pubmed/12704714
http://dx.doi.org/10.1177/2333721417750944
http://dx.doi.org/10.1016/j.socscimed.2018.05.047
http://dx.doi.org/10.1108/09649420310462352
http://dx.doi.org/10.1177/104649648501600205
http://dx.doi.org/10.1177/019251301022004006
http://dx.doi.org/10.1080/13607863.2013.781119
http://dx.doi.org/10.1016/j.legalmed.2009.01.081
http://dx.doi.org/10.1016/j.bandc.2007.02.007
http://www.ncbi.nlm.nih.gov/pubmed/17466428
http://dx.doi.org/10.1152/physrev.00041.2006
http://www.ncbi.nlm.nih.gov/pubmed/17615391
http://dx.doi.org/10.1146/annurev.clinpsy.1.102803.143938
http://www.ncbi.nlm.nih.gov/pubmed/17716090
http://dx.doi.org/10.1097/01.psy.0000250264.25017.21
http://dx.doi.org/10.1093/geronb/63.5.S304
http://www.ncbi.nlm.nih.gov/pubmed/18818451
http://dx.doi.org/10.1080/15350770.2018.1489331
http://dx.doi.org/10.1002/gps.4307

	Introduction 
	Materials and Methods 
	Study Sample 
	Variables 
	Outcome Variables 
	Explanatory Variables 
	Control Variables 

	Data Analysis 

	Results 
	Basic Characteristics of the Participants 
	Patterns of Grandparent Caregiving 
	Cognitive Function in Different Patterns of Grandparent Caregiving 
	Relationship between Grandparent Caregiving and Cognitive Function 

	Discussion 
	Prevalence of Grandparent Caregiving 
	The Relationship between Grandparent Caregiving and Cognition 
	Gender Differences 
	Moderating Effect of Age 
	Strength and Limitations 

	Conclusions 
	References

