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Abstract

Middle-aged adults who are parents have better average cognitive performance and lower average brain age compared with middle-
aged adults without children, raising the possibility that caregiving slows brain aging. Here, we investigate this hypothesis in two 
additional groups of caregivers: grandmothers and caregivers for people living with dementia (PLWD). Demographic, questionnaire, 
and structural Magnetic Resonance Imaging (MRI) data were acquired from n = 50 grandmothers, n = 24 caregivers of PLWD, and n = 37 
non-caregiver controls, and BrainAGE was estimated. BrainAGE estimation results suggest that after controlling for relevant covariates, 
grandmothers had a brain age that was 5.5 years younger than non-grandmother controls, and caregivers of PLWD had brains that were 
4.7 years younger than non-caregiver controls. Women who became grandmothers at a later age had lower brain age than those who 
became grandmothers at an earlier age. Among caregivers of PLWD, stress and caregiving burden were associated with increased brain 
age, such that the beneficial effect of caregiving on brain age was reduced in caregivers reporting more burden. Our findings suggest 
that caring for dependents may slow brain aging.
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Introduction
Parity has been linked with decreased mortality in humans (Zeng 
et al. 2016). There are many possible explanations for this associa-
tion. One possibility is that older adults receive care and attention 
from their adult children that helps them live longer. Another pos-
sibility is that people with more health challenges are both less 
likely to ultimately become parents and less likely to survive in 
old age. However, a third possibility is that parental caregiving 
slows the aging process. This possibility is supported by evidence 
showing that middle-aged parents have better average cognitive 
performance and a younger average brain age compared with 
middle-aged nonparents (de Lange et al. 2019, Ning et al. 2020). 
The relationship appears to be nonlinear insofar as parents with 
two to three children have the greatest benefit, with lesser effects 
for parents with either fewer or more children. Since this associ-
ation is found in both men and women, it cannot be attributed to 
the experience of pregnancy.

Conceptually, why might caregiving slow aging? One possibility 
is that caregivers are more physically active and this contributes 
to improved health and greater longevity (Okun et al. 2013). 

Another possibility is that interactions with care recipients, as 

well as the coordination of their care, provide caregivers with cog-

nitive stimulation that slows brain aging (La Rue 2010). It is also 

possible that the affective bonding and attachment facilitated by 

caring for another person promotes longevity by buffering against 

stress (Brown et al. 2008, Poulin et al. 2013). Caregiving might also 

increase one’s overall sense of social integration or social con-
nectedness, both of which are strongly associated with longevity 
(Holmes and Joseph 2011, Chen and Liu 2012, Yang et al. 2016). 
Finally, caregiving might also enhance meaning and purpose in 
life, which is associated with decreased mortality (Gruenewald 
et al. 2007, Hill and Turiano 2014).

If parental caregiving slows the aging process, we might expect 
the same to be true of other forms of caregiving including caring 
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for grandchildren and perhaps even caring for dependent adults 
when the caregiving is not too burdensome. There are multiple 
types of grandparental roles, including custodial grandparents, 
grandparents who live with the grandchild, and day-care grand-
parents. While day-care grandparents often provide care voluntar-
ily, custodial grandparents often have caregiving responsibilities 
thrust upon them due to duress in the nuclear family (Jendrek 
1994). Other grandparents may be involved despite not providing 
hands-on care. Grandparental involvement is a multidimensional 
construct that includes not only instrumental care (e.g. feeding, 
bathing, and transporting) but also positive engagement activities 
(e.g. reading, playing, and conversing), sharing experiences and 
mental perspectives, emotional closeness, and financial support 
(Sadruddin et al. 2019, Danielsbacka et al. 2022). Among non-
custodial grandparents, those who provide care to their grand-
children have lower mortality than both non-grandparents and 
grandparents who do not provide care to their grandchildren 
(Hilbrand et al. 2017). Although grandmothers who provide more 
care tend to have better health (Di Gessa et al. 2016), this rela-
tionship also appears to be nonlinear at the extremes (Coall and 
Hertwig 2010). For example, custodial grandparental care can be 
burdensome and is associated with decreased well-being (Ross 
and Aday 2006, Chen and Liu 2012, Danielsbacka et al. 2022). Sev-
eral studies also suggest a positive impact of grandparenting on 
cognition (Rafael et al. 2021), raising the prospect that noncusto-
dial grandparenting, like parenting, may be neuroprotective and 
may slow brain aging.

As our population ages and the number of people living with 
dementia (PLWD) grows, an increasing number of family mem-
bers are providing care for relatives who are living with dementia 
(“2022 Alzheimer’s disease facts and figures,” 2022). Dementia 
caregiving can be stressful, and caregivers suffer increased rates 
of both depression and anxiety (Pinquart and Sorensen 2003, Bin 
Sallim et al. 2015, Joling et al. 2015). An initial study showed that 
caregivers who experience strain have a 63% higher mortality rate 
compared with non-caregivers (Schulz and Beach 1999). Several 
studies also report that spousal caregivers perform more poorly 
than non-caregivers across multiple cognitive domains (Vitaliano 
et al. 2003, de Vugt et al. 2006, Mackenzie et al. 2009, Oken et al. 
2011, Palma et al. 2011). These findings suggest that, in contrast to 
parental and grandparental caregiving, dementia caregiving may 
accelerate aging. On the other hand, several recent studies have 
shown caregivers to have lower mortality than non-caregivers 
(O’Reilly et al. 2008, 2015, Brown et al. 2009, Ramsay et al. 2013, 
Fredman et al. 2015, Caputo et al. 2016). In addition, one study 
found that despite higher levels of stress and depression, care-
givers were three times less likely to be physically inactive and 
also outperformed controls on processing speed, reaction time, 
and free recall (O’Sullivan et al. 2019). Findings like these have 
given rise to the Healthy Caregiver Hypothesis which posits that 
more physically robust older adults tend to become caregivers 
due to a selection effect, and further, that they stay active and 
therefore maintain good health due to their role of performing 
caregiving tasks (Fredman 2008). However, new research shows 
that even caregivers with the poorest initial health status have a 
decreased mortality risk compared with non-caregivers (Ramsay 
et al. 2013, Leggett et al. 2020). Many caregivers report benefits 
and rewards from the caregiving role (Fisher et al. 2011), and care-
giving often provides a sense of meaning and purpose. This could 
conceivably slow the aging process, as older adults who feel useful 
experience reduced mortality (Gruenewald et al. 2007).

One possible explanation for these inconsistencies in the 
dementia caregiving literature is that, similar to parental and 

grandparental caregiving, the benefits of caregiving are nonlin-
ear and depend on caregiving intensity and amount of associated 
burden (Schulz et al. 2020). Caregiving may be particularly bur-
densome for spousal caregivers, who are often older, provide more 
hours of care, and are more likely to be the sole care provider as 
compared with other informal caregivers (Christian et al. 2023).

In this study, we examine the effect of both grandparental and 
dementia caregiving on brain aging. Human brain aging involves 
well-characterized, region-specific, nonlinear changes in gray 
matter (GM) and white matter (WM) that can be detected with 
structural MRI scans. The “Brain Age Gap Estimation (BrainAGE)” 
method is the first and most widely applied concept for predicting 
and evaluating brain age based on the structural MRI (Franke et al. 
2010). BrainAGE is equivalent to the difference between estimated 
brain age and chronological age (Franke and Gaser 2019). We test 
the following three hypotheses. First, that noncustodial grand-
maternal caregiving decreases BrainAGE. Second, that the effect 
of grandmaternal caregiving on BrainAGE is moderated by the 
amount of time spent with the grandchild, the degree of positive 
engagement with the grandchild, and the quality of the emo-
tional bond with the grandchild. Our third hypothesis is that the 
effect of dementia caregiving on BrainAGE will be moderated by 
caregiving burden such that caregiving is associated with lower 
BrainAGE in those with low levels of burden and greater BrainAGE 
in those reporting high levels of caregiving burden. A corollary is 
that spousal caregivers, who tend to experience more burden, will 
have higher brain age than non-spousal caregivers.

Materials and methods
All procedures were approved by the Emory University Institu-
tional Review Board (caregiver IRB number: STUDY00001824 and 
grandmother IRB number: STUDY00000006).

Grandmothers
Participants were 50 women (M = 59.26, s.d. = 7.80, range 
45–75 years) from the Greater Atlanta area who had at least one 
biological grandchild between 3 and 12 years of age. We restricted 
to this grandchild age range because the measures of grandma-
ternal involvement that we collected apply to children of these 
ages. A different set of measures would have been needed for 
infants/toddlers. Participants were recruited for a larger study 
aimed at investigating grandmaternal neural responses to view-
ing grandchild photographs (Rilling et al. 2021). Grandmothers 
were recruited through Facebook advertisements and physical 
flyers posted in and around the Emory University community.

Exclusion criteria: Grandmothers were excluded if they had 
conditions that could be associated with abnormal brain function 
such as a history of psychiatric illnesses (other than depression 
and anxiety disorders), a history of seizures or other neurological 
disorders, or a history of alcoholism or any other substance abuse. 
Subjects with a history of head trauma were excluded based on 
severity. Subjects with MRI contraindications were also excluded. 
The exclusion of participants based on COVID was dictated by 
Emory COVID policies at the time.

A subset of caregiver controls (see below) who were female 
and also not grandmothers (N = 25: age M = 56.56, s.d. = 6.76, 
range 37–71 years) were used as controls for comparison with the 
grandmothers.

Grandmothers provided information on their age, race, body 
mass index (BMI), household annual income, years of education, 
hours per week exercise, and also completed several question-
naires online via Research Electronic Data Capture (REDCap). 
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These measured grandmaternal involvement with and attach-
ment to the grandchild. The Amended Parental Responsibility 
Scale is a 14-item scale measuring perceived parenting respon-
sibility (McBride and Mills 1993, Montague and Walker-Andrews 
2002) that has been modified to compare primary responsibilities 
between grandmother and parent. Respondents designate who 
has the primary responsibility for a given task using a 5-point Lik-
ert scale ranging from 1 (almost always completed by grandpar-
ent) to 5 (almost always completed by parent). The Amended Pos-
itive Affect Index is a 10-item scale (Bengtson 1982) that has been 
modified to measure the grandmother’s assessment of the degree 
of positive feelings between the grandmother and grandchild. It 
measures understanding, fairness, trust, respect, and affection 
within the relationship. This scale was initially created to reflect a 
parent–child relationship. The Amended Supportive Engagement 
Behaviors Index is a modified version of a 10-item subscale of the 
Parent Behavior Inventory (Lovejoy et al. 1999). These questions 
measure grandmaternal warmth and involve behaviors demon-
strating acceptance through affection, shared activities, and emo-
tional and instrumental support to a child. While these measures 
were not originally developed to study grandmaternal caregiv-
ing, previous theoretical and empirical studies have suggested 
the utility and validity of these adapted measures for studying 
supportive social transactions exchanged among family mem-
bers, including grandmothers and elderly parents (Bengtson and 
Roberts 1991, Smith et al. 2015).

One grandmother did not provide data on hours per week 
exercise.

After providing this information, grandmothers participated 
in a neuroimaging session that included both a structural MRI 
scan and a functional MRI scan to measure their neural response 
to viewing photographs of their grandchild and others. Only the 
demographic, questionnaire, and structural MRI data are consid-
ered here. Analyses of the functional MRI data were previously 
published (Rilling et al. 2021).

Caregivers
Participants were 24 caregivers of PLWD from the Greater Atlanta 
area (21 female, age M = 55.54, s.d. = 10.75, range 25–80 years). 
Caregivers were recruited via word of mouth, physical flyers, Face-
book advertisements and online recruitment (Schlesinger Group 
| Qualitative & Quantitative Research Services). Caregivers were 
recruited as part of a larger study aimed at investigating the 
effect of a cognitive empathy intervention on caregiver mental 
health and brain function (Rilling et al. 2024). This larger aim 
influenced the specific study measures that were collected as 
described below. All dementia caregivers were their care recipi-
ent’s primary caregiver. Hours caregiving per week ranged widely, 
from 15 up to 168 for those who were providing full-time care 
(M = 91.5, s.d. = 60.8). An additional group of 37 non-caregiver 
control participants (33 female, age M = 54.95, s.d. = 8.96, range 
32–71 years) were also recruited via word of mouth, physical fly-
ers, and Facebook advertisements. Controls were selected to be of 
similar age and gender as the caregiver population.

Exclusion criteria: Caregivers and non-caregiver controls were 
excluded if they had conditions that could be associated with 
abnormal brain function such as a history of psychiatric ill-
nesses (other than depression and anxiety disorders), history of 
seizures or other neurological disorders, or a history of alco-
holism or any other substance abuse. Subjects with a history 
of head trauma were excluded based on the severity. Sub-
jects with MRI contraindications were also excluded. Addition-
ally, caregivers and controls were excluded if over the age 

of 80. Caregivers who cared for their PLWD for an average 
of <2 h/day were also excluded. The exclusion of participants 
based on COVID was dictated by the Emory COVID policies at
the time.

Caregivers provided data on their age, race, gender, BMI, house-
hold annual income, years of education, hours per week exercise, 
number of alcoholic drinks per week, number of children, num-
ber of grandchildren, and the presence/absence of heart disease, 
diabetes, and hypertension. They also completed several ques-
tionnaires via REDCap, including: (i) The Perceived Stress Scale 
(Cohen et al. 1983), (ii) The Center for Epidemiological Stud-
ies Depression Scale (Radloff 1977), (iii) The State/Trait Anxiety 
Index (limited to the 20 items assessing state anxiety) (Spiel-
berger 1983), (iv) the Zarit Burden Scale (Zarit et al. 1980), which 
is a measure of caregiving burden, (v) The Interpersonal Reac-
tivity Index (Davis 1983), (vi) the Barrett-Lennard Empathy Scale 
(Barrett-Lennard 1978), and (vii) the Purpose in Life Scale, a sub-
scale of the Scales of Psychological Well-being (Ryff and Keyes 
1995). Caregivers were also asked to rate their overall sleep qual-
ity in the past month on a 4-point Likert scale [1 (very bad), 2 
(fairly bad), 3 (fairly good) to 4 (very good)]. All of these mea-
sures have been used extensively and are known to be valid and 
reliable instruments. Our own assessment of the internal consis-
tency also confirmed that psychological questionnaires used for 
the current study had adequate reliability across different groups 
of subjects, with Cronbach’s alpha ranging from 0.703 to 0.963 
(Supplementary Table 3).

After providing this information, caregivers participated in a 
neuroimaging session that included both a structural MRI scan 
and a functional MRI scan to measure their neural response to 
viewing photographs of their PLWD and others. Only the struc-
tural MRI scans were used to calculate BrainAGE. The functional 
MRI data were published previously (Rilling et al. 2024). Although 
both pre- and post-intervention questionnaires and neuroimag-
ing data were collected, only baseline pre-intervention data are 
analyzed here.

Control participants provided the same data as the caregivers 
but did not receive a functional MRI scan and only completed 
a subset of the questionnaires: Perceived Stress Scale, Center 
for Epidemiological Studies Depression Scale, State/Trait Anxi-
ety Index, and the Purpose in Life Scale. Only the demographic, 
questionnaire, and structural MRI data are considered here.

For caregivers, questions regarding the history of hypertension, 
hours per week of exercise, number of alcoholic drinks per week, 
sleep quality, household income, years of education, number of 
children and grandchildren, and the Purpose in Life Scale were 
added part way through the study, so that many participants had 
to be recontacted to provide these data. Five caregivers could not 
be reached, and those data are therefore missing. In addition, one 
caregiver and one control did not provide income data, and one 
control did not provide their BMI.

Neuroimaging
Participants were positioned in the Siemens Trio 3T MRI scanner. 
Subjects lay motionless in a supine position in the scanner with a 
padded head restraint to minimize head movement during scan-
ning. Each scanning session began with a 15 s localizer, followed 
by a 5-min T1-weighted Magnetization-Prepared Rapid Gradient 
Echo anatomical scan (TR = 1900 ms, TE = 2.27 ms, matrix = 256 × 
256, in-plane resolution 1.00 mm × 1.00 mm, FOV = 250 mm, slice 
thickness = 1.00 mm, gap = 0 mm). After collecting the anatomical 
scan, functional scans were acquired.
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BrainAGE calculation
T1-weighted images were segmented into GM and WM and 
affinely normalized using standard preprocessing procedures 
available in the CAT12.8 toolbox (Gaser et al. 2024, https://neuro-
jena.github.io/cat) within Matlab 2019b and SPM12 (Wellcome 
Centre for Human Neuroimaging, https://www.fil.ion.ucl.ac.uk/
spm/). Preprocessing included a unified segmentation (Ashburner 
and Friston 2005) to remove B0 inhomogeneities and generate an 
initial segmentation. This initial segmentation was subjected to 
(local) intensity scaling and adaptive nonlocal mean denoising 
(Manjon et al. 2010). Subsequently, an adaptive maximum a pos-
teriori segmentation (Rajapakse et al. 1997) incorporating a partial 
volume effect model (Tohka et al. 2004) was used to generate the 
final segmentation.

Eight configurations of single tissue class models (GM/WM) 
were generated, varying in spatial resolution (4 mm/8 mm) and 
Gaussian smoothing (FWHM: 4 mm/8 mm). Principal component 
analysis using singular value decomposition was applied to all 
models to orthogonalize the data. We used a Gaussian process 
regression (GPR) model with a linear covariance function, a con-
stant mean function, and a Gaussian likelihood function. The 
hyperparameters were set to 100 for the constant mean function 
and −1 for the likelihood function (Rasmussen and Williams 2006). 
The GPR used a conjugate gradient method for numerical opti-
mization. Estimates from all eight models were averaged. A linear 
trend correction was then used to correct for age bias.

The BrainAGE model was trained on a large sample of healthy 
subjects from five databases (IXI, OASIS-3, Cam-CAN, SALD, and 
NKI Enhanced), following the methodology outlined in Kalc et al. 
(2024). The training dataset included subjects aged between 
20 and 75 years and consisted of 1894 individuals (mean age: 
50.11 ± 13.54 years, including 767 males and 1127 females).

Statistical analysis
For both caregivers and grandmothers, we collected data on 
potential confounding variables that are known or suspected 
to affect brain aging (Franke and Gaser 2019). For grandmoth-
ers, this included data on age, BMI, years of education, annual 
household income, hours per week exercise, and race. For care-
givers, we collected data on age, gender, BMI, years of education, 
annual household income, race, number of children, number 
of grandchildren, hours per week exercise, number of alcoholic 
drinks per week, sleep quality, depressive symptomology (Cen-
ter for Epidemiological Studies Depression Scale), Purpose in Life, 
stress (The Perceived Stress Scale), anxiety (The State/Trait Anx-
iety Index), and the presence/absence of heart disease, diabetes, 
and hypertension. Both caregivers and grandmothers were com-
pared with their respective control groups on these variables 
using two sample t-tests. Variables that differed between the two 
groups were included as covariates, along with caregiver or grand-
maternal status, in multiple linear regression models to predict 
BrainAGE.

Among grandmothers, scores on the Parental Responsibil-
ity Scale, the Positive Affect Index, the Supportive Engagement 
Behaviors Index, and Time Spent With Grandchild were all non-
normally distributed. Therefore, we used the nonparametric 
Kendall’s Tau-b correlation coefficient to test for associations 
between BrainAGE and these variables. We also tested for correla-
tions between BrainAGE and the total number of grandchildren, 
the age of the youngest grandchild, and the age of becoming a 
grandmother for the first time using the Pearson Product–Moment 
Correlation.

Among caregivers of PLWD, we used the Pearson correlation 
coefficient to test for associations between BrainAGE and self-
reported caregiver burden (Zarit Burden Scale). We also compared 
BrainAGE between spousal and non-spousal caregivers with a 
two-sample t-test.

Results
Grandmothers
Compared with the non-grandmother controls, grandmothers 
were of similar age (t(73) = 1.48; P = .144; d = 0.36), had less 
education (t(73) = −2.86; P = .006; d = −0.70), had marginally 
lower household income (t(35.62) = −1.95; P = .059; d = −0.54), 
had higher BMI (t(72) = 3.18; P = .002; d = 0.79), and exercised 
more (t(54.92) = 4.48; P < .001; d = 0.81). With respect to race, 
grandmothers were also more likely to be Black than controls 
(X2(1, N = 75) = 7.68, P = .006) (Table 1). Whereas all of the grand-
mothers were necessarily also mothers, only 72% of grandmother 
controls were mothers. However, there was no significant dif-
ference in BrainAGE between grandmother controls who were 
(M = 1.23, s.d. = 6.07) and were not mothers (M = −2.13, s.d. = 6.00; 
t(23) = 1.25; P = .22; d = 0.56). Three grandmothers were the pri-
mary caregiver for their grandchild and are referred to as custo-
dial grandmothers. 

Multiple linear regression revealed that BrainAGE was asso-
ciated with grandmaternal status and BMI, but not with house-
hold income, exercise level, education, or race. On average, 
grandmother brains were 5.5 years younger than control brains 
after accounting for covariates. For comparison, the unadjusted 
BrainAGE of grandmothers was 3.0 years younger than controls. 
In addition, BMI was positively associated with BrainAGE (Sup-
plementary Table 1a). Similarly, when we excluded the three cus-
todial grandmothers from our sample, BrainAGE was associated 
with grandmaternal status and BMI, but not household income, 
exercise level, education, or race (Supplementary Table 1b).

On average, grandmothers spent 32.1 h/week with their grand-
child, but with substantial variance (s.d. = 48.4; range = 0–168), as 
those who lived with their grandchild were recorded as spend-
ing 168 h/week with them. According to the Amended Parental 
Responsibility Scale, grandmothers were typically less involved in 
instrumental caregiving than parents were (M = 25.1, s.d. = 11.6; 
scale ranges from 12 to 60, 36 is equal involvement), and their 
degree of involvement closely matched their preferred level of 
involvement (M = 25.4, s.d. = 7.2). Grandmothers also reported 
very high levels of positive affect and supportive engagement 
toward their grandchild (Positive Affect Scale: 0 min, 40 max; 
M = 37.0, s.d. = 4.2; Supportive Engagement Scale: 0 min, 50 max; 
M = 47.4, s.d. = 4.5).

Table 1. Comparison of grandmothers and controls.

Grandmothers (N) Controls (N) P

Age 59.26 ± 7.80 (50) 56.56 ± 6.76 (25) .144
BMI 30.53 ± 6.19 (50) 26.07 ± 4.21 (24) .002
Exercise 
(hours/week)

17.56 ± 18.24 (49) 5.44 ± 3.59 (25) <.001

Income $68 944 ± 49 449 (50) $100 218 ± 72 198 (25) .059
Education (years) 14.92 ± 2.02 (50) 16.4 ± 2.29 (25) .006
Race
 Black 44% (22) 12% (3) .006
 Nonblack 56% (28) 88% (22)

https://neuro-jena.github.io/cat
https://neuro-jena.github.io/cat
https://www.fil.ion.ucl.ac.uk/spm/
https://www.fil.ion.ucl.ac.uk/spm/
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Figure 1. Scatterplot of the relationship between grandmaternal 
BrainAGE and age at becoming a grandmother for the first time.

BrainAGE was not associated with measures of grandmaternal 
investment, such as the Parental Responsibility Scale (𝜏b = −0.06, 
P = .51) and the Positive Affect Index (𝜏b = −0.04, P = .73), but it was 
negatively associated with the Supportive Engagement Behav-
iors Index (𝜏b = −0.24, P = .02). It was also negatively associated 
with the amount of time spent with the grandchild per week 
when the three custodial grandmothers were excluded from anal-
ysis (𝜏b = −0.21, P = .04). BrainAGE was not associated with the 
total number of grandchildren (r(48) = 0.16, P = .27) or the age 
of the youngest grandchild (r(48) = −0.26, P = .07). On the other 
hand, BrainAGE was negatively associated with age at becom-
ing a grandmother for the first time (r(48) = −0.29, P = .04), such 
that women who became a grandmother later in life derived more 
benefits in terms of reduced BrainAGE (Fig. 1).

Caregivers for people living with dementia
Caregivers and non-caregiver controls did not differ in age 
(t(59) = 0.23, P = .82), the proportion of female/male participants 
(X2(1, N = 61) = 0.041, P = .84), years of education (t(54) = −0.29, 
P = .773), household income (t(52) = 0.771, P = .44), number 
of children (t(54) = −0.58, P = .56), or number of grandchil-
dren (t(54) = 0.63, P = .53), percentage who were parents (X2(1, 
N = 56) = 0. 34, P = .56), or percentage who were grandparents 
(X2(1, N = 56) = 0.66, P = .42). In terms of health status, caregivers 
and controls did not differ in their likelihood of having heart dis-
ease (X2(1, N = 61) = 3.19, P = .07), diabetes (X2(1, N = 61) = 2.28, 
P = .13), or hypertension (X2(1, N = 57) = 1.70, P = .19). Nor did 
they differ in terms of alcohol consumption (t(54) = 0.50, P = .62), 
amount of exercise (t(54) = −0.42, P = .67), or sleep quality 
(t(28.66) = −0.97, P = .34). Psychologically, they did not differ in 
self-reported depressive symptomology (t(35.47) = 0.159, P = .88) 
or Purpose in Life (t(54) = −0.12, P = .91). On the other hand, 
caregivers had a higher BMI (t(58) = 2.58, P = .013; d = 0.68) and 
reported higher levels of stress (t(36.32) = 2.60, P = .013; d = 0.74) 
and anxiety (t(36.16) = 2.51, P = .017; d = 0.72) compared with con-
trols. Caregivers were also more likely to be non-white compared 
with controls (X2(1, N = 61) = 7.17, P = .007) (Table 2). 

Multiple linear regression revealed that BrainAGE was associ-
ated with caregiver status (t = −2.98, P = .004) and stress (t = 3.20, 
P = .002), but not with race (t = 0.23, P = .82), anxiety (t = −0.03, 
P = .97), or BMI (t = −0.74, P = .46). On average, caregiver brains 
were 4.7 years younger than control brains after accounting for 
covariates. For comparison, the unadjusted BrainAGE of care-
givers was 2.4 years younger than controls. In addition, more 

Table 2. Comparison of caregivers and controls.

Caregivers (N) Controls (N) P

Age 55.54 ± 10.75 
(24)

54.95 ± 8.96 
(37)

.815

Education (years) 16.00 ± 2.31 
(19)

16.19 ± 2.32 
(37)

.773

Combined income $108 611.11 ±
61 160.48 (18)

$94 470.56 ±
64 642.58 (36)

.444

Parenthood
 # children 1.53 ± 1.31 (19) 1.81 ± 1.91 (37) .564
 Is a parent 68.42% (13) 75.68% (28) .562
 Is not a parent 31.58% (6) 24.32% (9)
Grandparenthood
 # grandchildren 1.42 ± 2.93 (19) 0.97 ± 2.67 (37) .529
 Is a grandparent 31.58% (6) 21.62% (8) .415
 Is not a grandpar-

ent
68.42% (14) 78.38 (29)

Alcohol 
(drinks/week)

2.11 ± 2.62 (19) 1.78 ± 2.11 (37) .622

Exercise 
(hours/week)

5.32 ± 3.96 (19) 5.81 ± 4.23 (37) .673

Sleep quality 1.68 ± 0.82 (19) 1.89 ± 0.61 (37) .339
Depression (0–60) 17.04 ± 12.96 

(24)
16.57 ± 8.37 
(37)

.875

Purpose in life 39.00 ± 7.06 
(19)

39.23 ± 6.04 
(37)

.905

BMI 29.70 ± 6.58 
(24)

26.05 ± 4.41 
(36)

.013

Stress 17.54 ± 8.34 
(24)

12.51 ± 5.58 
(37)

.013

Anxiety (20–80) 38.92 ± 14.56 
(24)

30.46 ± 9.67 
(37)

.017

Gender
 Female 87.5% (21) 89.19% (33) .84
 Male 12.5% (3) 10.81% (4)
Heart disease
 Has heart disease 8.33% (2) 0% (0) .074
 No heart disease 91.67% (22) 100% (37)
Diabetes
 Has diabetes 12.5% (3) 2.70% (1) .131
 No diabetes 87.5% (21) 97.30% (36)
Hypertension
 Has hypertension 20% (4) 8.11% (3) .192
 No hypertension 80% (16) 91.98% (34)
Race
 White 41.67% (10) 75.68% (28) .007
 Nonwhite 58.33% (14) 24.32% (9)

self-reported stress was associated with greater BrainAGE (Sup-
plementary Table 2; Fig. 2).

Among caregivers, self-reported caregiving burden was pos-
itively associated with BrainAGE (r(22) = 0.58, P = .003), such 
that the beneficial effect of caregiving was attenuated, or even 
reversed, with increasing burden (Fig. 3).

Spousal caregivers (n = 7, M = −7.9 years, s.d. = 6.4) also had 
lower unadjusted BrainAGE than non-spousal caregivers (n = 17, 
M = −0.14 years, s.d. = 4.73; t(22) = −3.30, P = .003).

Discussion
Parental caregiving has been associated with slower brain aging, 
but the generalizability of this finding to other forms of caregiving 
has not yet been explored. Here we show that after controlling for 
relevant covariates, both grandmothers and dementia caregivers 
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Figure 2. Scatterplot of BrainAGE vs. perceived stress in caregivers and 
controls.

Figure 3. Scatterplot of BrainAGE vs. caregiver burden among caregivers.

have lower brain age than a control group. Both grandmothers and 
dementia caregivers commonly provide care for a dependent. The 
same is true of parents, who by middle-age, have also been shown 
to have a lower brain age compared with nonparents (de Lange 
et al. 2019, Ning et al. 2020). In both males and females, the largest 
effect of parity was found for parents with three children, who 
had a brain age that was 0.7 years younger than childless adults 
(Ning et al. 2020). In comparison, the unadjusted BrainAGE of 
grandmothers and caregivers in our study were 3.0 and 2.6 years 
younger than controls, respectively. After accounting for relevant 
covariates, the adjusted BrainAGE of grandmothers and caregivers 
were 5.5 and 4.7 years younger than controls, respectively. The 
average age of the grandmothers and caregivers in our sample 
was in the mid- to late 50s. Parents in the above studies were 
studied at a similar age (i.e. average in the late 50s) but likely pro-
vided their most intensive childcare decades earlier. Thus, it may 
be that caregiving later in life has a larger impact on brain aging 
compared with care provided in young adulthood. Indeed, among 
grandmothers, we found that those who took on that role later in 
life derived more benefits in terms of reduced brain age compared 
with those who became grandmothers at a younger age. Further 
support is provided by a study showing that becoming a grand-
mother lowered mortality only when it occurred after 50 years 
of age (Christiansen 2014). The grandmothers in our study were 
likely at various stages of the menopausal transition, includ-
ing premenopause, perimenopause, and postmenopause. Neu-
roimaging studies show that this transition involves substantial 

changes in brain structure, connectivity, and energy metabolism 
(Mosconi et al. 2021). Therefore, older postmenopausal female 
brains are in a different state and could potentially be differ-
entially impacted by a caregiving experience. Although men do 
not experience menopause, our caregiving sample was highly 
skewed toward women, such that the sample was likely com-
posed of mostly postmenopausal females as well. Future studies 
with grandfathers and male caregivers would help determine the 
importance of menopause for our findings.

According to the well-known grandmother hypothesis, there 
has been selection for postmenopausal longevity in human 
females to permit investment in grandchildren that increases 
grandmaternal inclusive fitness (Hawkes et al. 1998, Hawkes and 
Coxworth 2013). The hypothesis is supported by evidence that 
modern-day grandmaternal investment often improves grand-
child health and survival and can increase maternal fertility by 
shortening maternal interbirth intervals (Hawkes et al. 1997, Lah-
denpera et al. 2004, Sear and Mace 2008, Chung et al. 2020). 
In addition to explaining our species’ postmenopausal longevity, 
grandmaternal investment may also help explain longevity at the 
level of individuals. For example, caregiving grandparents have 
been shown to have lower mortality than either non-caregiving 
grandparents or non-grandparents (Hilbrand et al. 2017). Our 
results suggest that grandmaternal involvement may actually 
slow the aging process, which would allow simultaneous selec-
tion on both caregiving and longevity. A similar process operating 
in our evolutionary past could explain the current state in which 
postmenopausal females often provide considerable care to their 
grandchildren.

If grandmaternal involvement reduces brain age, one might 
expect more involved grandmothers to have lower brain age than 
less involved grandmothers. However, in the extreme, grandma-
ternal caregiving can become burdensome. For example, custo-
dial grandparental care can have negative health consequences 
(Ross and Aday 2006, Chen and Liu 2012). As with parental 
care, this might result in a nonlinear relationship between 
grandmaternal involvement and brain aging. While time (hours 
per week) spent with the grandchild was negatively correlated 
with brain age when custodial grandmothers were excluded, 
that association becomes nonsignificant when custodial grand-
mothers are included. This is because custodial grandmothers, 
who spend maximum time with their grandchild, tend to have 
higher brain age. Specifically, the three custodial grandparents 
in our sample had an average unadjusted brain age of 0.56 years 
(s.d. = 0.86) compared with −2.95 years (s.d. = 6.70) for the noncus-
todial grandmothers (t(48) = 0.90, P = .37). While hours per week 
with the grandchild is one measure of grandmaternal involve-
ment, the frequency of contact between grandmother and grand-
child is a related but different measure since some grandmothers 
have frequent but short visits and others have infrequent but 
long visits. Examining the relationship between brain age and 
frequency of contact revealed neither a significant linear nor 
quadratic relationship. However, average brain age tended to be 
lower among grandmothers who saw their grandchildren once 
per week (M = −3.61) or once per month (M = −4.62) compared 
with daily (M = −0.98) or only once per year (M = −1.14) or less 
(M = −2.74). While these effects were not statistically significant, 
they raise the possibility that a significant nonlinear effect may 
emerge with a larger sample size.

There are a number of potential mechanisms by which care-
giving could affect brain aging. One possibility is that the mental 
and physical activity required by caregiving slows the aging pro-
cess. One study found that dementia caregivers were three times 
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less likely to be physically inactive compared with non-caregiver 
controls (O’Sullivan et al. 2019). Caring for another person also 
likely involves cognitive demands that could slow brain aging. 
Dementia caregivers, e.g. typically have to plan and coordinate 
the activities of their care recipient. They also have to be nimble in 
the moment in responding to their care recipient’s behaviors, and 
they have to adopt a long-term analytic view of the progression 
of the illness and its effects on the care recipient. Another pos-
sible mechanism is that caregivers are more socially connected 
and have stronger support networks, which could slow brain aging 
by buffering against life stress (House et al. 1988). For example, 
grandparents may have more contact with their children than 
non-grandparents and may be drawn into social networks via 
their caregiving activities. On the other hand, dementia caregivers 
often suffer from social isolation (Kovaleva et al. 2018, Lee et al. 
2022). It is also possible that emotional bonding with the care 
recipient decreases BrainAGE. One candidate in such a mecha-
nism is the hormone and neuropeptide oxytocin, which is both 
involved in allomaternal care (Madden and Clutton-Brock 2011, 
Saito and Nakamura 2011, Weisman et al. 2012, Finkenwirth 
et al. 2016, Yuan et al. 2019) and known to have neuroprotective 
effects (Kamrani-Sharif et al. 2023). A final possible mechanism is 
that the meaning and purpose afforded by successfully helping 
a relative in need triggers continued physiological and behav-
ioral investment in self-maintenance, which has the advantage 
of keeping oneself alive longer to provide future care. In the 
strict Darwinian sense, this mechanism would be maladaptive 
when care is directed at debilitated, post-reproductive individ-
uals. However, this type of caregiving may have been rare in 
our evolutionary past, and therefore not impacted by natural 
selection.

While our study was not designed to systematically evalu-
ate the mechanism by which caregiving influences BrainAGE, our 
covariate analyses are relevant to this question. Whereas neither 
grandmaternal positive affect nor grandmaternal involvement in 
instrumental care was associated with BrainAGE among grand-
mothers, grandmaternal supportive engagement was negatively 
correlated with BrainAGE. Additionally, time spent with the grand-
child was negatively correlated with BrainAGE when the three 
custodial grandmothers were excluded from the analysis. Thus, 
grandmothers who spend more time with their grandchild and 
who engage in more positive behaviors with them may derive 
more benefits in terms of BrainAGE reduction. This might afford 
the opportunity for more physical activity, greater mental stim-
ulation, stronger emotional bonding, greater social integration, 
or greater meaning and purpose, any of which could conceivably 
mediate the effect. These results should be interpreted cautiously, 
however, because the significant correlations are weak and do not 
survive correction for multiple comparisons. Furthermore, our 
sample of grandmothers reported very high levels of both pos-
itive affect and supportive engagement toward their grandchild 
(Positive Affect Scale: 0 min, 40 max; M = 37.0, s.d. = 4.2; Support-
ive Engagement Scale: 0 min, 50 max; M = 47.4, s.d. = 4.5), such 
that there was limited variation for these analyses. In contrast 
to grandmothers, time spent caregiving was not correlated with 
BrainAGE among dementia caregivers, but we may have lacked 
adequate statistical power to detect such an effect in our sample 
of 24 dementia caregivers.

Caregivers of PLWD had lower brain age even though they 
reported more stress and anxiety compared with controls. This 
result parallels another study showing better cognitive function 
in caregivers despite increased stress and depression (O’Sullivan 
et al. 2019). These findings suggest that any negative effects of 

stress and anxiety on brain aging can be more than compensated 
by positive effects of caregiving.

One potential explanation that has been offered for increased 
longevity in dementia caregivers is that healthy people are more 
likely to adopt and continue in a caregiving role (Fredman et al. 
2015), which would argue against a causal impact of caregiving 
on brain aging. However, in our sample, there were no differences 
between caregivers and controls in any health measures. Addi-
tionally, a recent longitudinal study (Leggett et al. 2020) found 
that the least healthy caregivers actually experienced the great-
est mortality reduction from caregiving. These observations sup-
port the possibility that dementia caregiving can actually reduce 
cognitive and brain aging.

It is important to emphasize that the association between 
dementia caregiving and lower brain age was attenuated when 
caregiving burden was high. Moreover, both stress and caregiv-
ing burden were associated with increased BrainAGE. Conceivably, 
stress could accelerate brain aging by increasing stress hormone 
levels and/or by increasing levels of proinflammatory cytokines 
(MohanKumar et al. 2023). This modulatory effect of caregiver 
burden might help to explain the inconsistent findings in the lit-
erature with respect to whether dementia caregiving has positive 
or negative effects on caregivers. That is, caregiving is more likely 
to have positive effects when the burden level is low (Schulz et al. 
2020). In fact, the seminal study by Schulz and Beach (1999) found 
that increased mortality in dementia caregivers was specific to 
caregivers who were experiencing strain. Our finding that burden 
is positively correlated with BrainAGE also emphasizes the impor-
tance of efforts to reduce burden among caregivers of PLWD, and 
of reducing stress levels in older people more generally. When bur-
den is low, dementia caregiving can be a rewarding (Fisher et al. 
2011) and, it seems, even a rejuvenating experience.

Finally, our data suggest that dementia caregiving spouses may 
derive more benefits in terms of brain aging than caregivers who 
are not spouses, as evidenced by spousal caregivers having a sig-
nificantly lower BrainAGE. Although spousal caregiving has been 
posited to be more burdensome (Christian et al. 2023), this was not 
the case in our data (spouse M = 37.00, s.d. = 17.32; non-spouse 
M = 45.00, s.d. = 16.26; t(22) = −1.08, P = .29). Since spousal care-
givers were significantly older (M = 64.57 years, s.d. = 8.77) than 
other caregivers (M = 51.82, s.d. = 9.32) in our study (t(22) = 3.09, 
P = .005), this finding raises the possibility that, similar to grand-
mothers, having a caregiving experience later in life provides more 
benefits in terms of brain aging.

There are important limitations to our study that should be 
acknowledged. First, this is a cross-sectional study. While we 
controlled for several variables that may affect brain aging, we 
cannot exclude the possibility that group differences in some 
unmeasured confounding variables drive these effects. Longi-
tudinal studies that follow participants across the transition to 
caregiving will be needed to definitively test our hypothesis. Sec-
ond, we had limited statistical power to evaluate our hypotheses 
due to small sample sizes. In contrast to previous studies that 
showed modest effects of parenthood on brain age in samples of 
thousands of participants (de Lange et al. 2019, Ning et al. 2020), 
our larger effect size estimates for grandmothers and dementia 
caregivers could be due to our smaller sample sizes. Third, our 
sample of grandmothers and caregivers may not be representa-
tive of the general population of grandmothers and caregivers. As 
we noted in a previous publication (Rilling et al. 2021), our sample 
of grandmothers was mentally and physically very healthy and 
highly positively engaged with their grandchildren. Future studies 
should determine if BrainAGE is also reduced among less healthy 
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and less positively engaged grandmothers. Our dementia care-
givers were selected to be high in self-reported caregiver burden; 
however, this did not preclude detecting salutary effects of care-
giving and a significant positive correlation between caregiver 
burden and BrainAGE. Again, it would be interesting to extend 
this research to caregivers experiencing lower levels of caregiv-
ing burden. A fourth limitation is that grandmothers were not 
asked if they happened to also be dementia caregivers so we could 
not account for this potential influence in our analysis. Fifth, 
our study was not designed to evaluate potential mechanisms 
to explain the relationship between caregiving status and lower 
brain age. Future studies should be designed and powered to do 
so. Finally, we included several variables as covariates in our anal-
ysis that had previously been linked with brain aging (Franke and 
Gaser 2019). While we replicated an effect of BMI on BrainAGE in 
our grandmother sample, we did not detect significant effects of 
either exercise or education. We assume that this is due to the 
limited statistical power afforded by our sample size.

In sum, we find that interacting with a dependent relative, 
whether adult or child, is associated with lower BrainAGE among 
adults, raising the possibility that such interactions slow brain 
aging. Thus, caring for others may support healthy brain and 
cognitive aging. Future studies should investigate whether the 
effects observed in grandmothers also apply to grandfathers, 
whose longevity may be attributable to different selection pres-
sures (Lahdenperä et al. 2007, 2011). Future studies might also 
investigate if the putative benefits of caregiving extend to caring 
for nonrelatives, which also seems to reduce mortality (Hilbrand 
et al. 2017), and even potentially caring for nonhuman species 
such as domesticated pets.

Supplementary data
Supplementary data is available at SCAN online.

Conflict of interest: The authors have no conflict of interest to 
declare.

Funding
This work was supported by the Emory Roybal Center for
Dementia Caregiving Mastery [National Institutes of Health
P30AG064200]; the Emory University Alzheimer’s Disease
Research Center [National Institutes of Health P50AG025688]; and 
the Emory Center for Health in Aging.

Data availability
This study was not preregistered. Data are available at: https://
osf.io/qa4hr/.

References
2022 Alzheimer’s disease facts and figures. Alzheimers Dement

2022;18:700–89. https://doi.org/10.1002/alz.12638
Ashburner J, Friston KJ. Unified segmentation. Neuroimage 2005;2

6:839–51. https://doi.org/10.1016/j.neuroimage.2005.02.018
Barrett-Lennard GT. The relationship inventory: development and 

adaptations. JSAS Catalog Select Docum Psychol 1978;8:68.
Bengtson V. Positive affect index 1973. In: Mangen DJ and Peter-

son WA (eds.), Research Instruments in Social Gerontology: V.2 Social 
Roles and Social Participation. Minneapolis, MN, U.S. University of 
Minnesota, 1982, Vol. 2, 154.

Bengtson VL, Roberts REL. Intergenerational solidarity in aging fam-
ilies: an example of formal theory construction. J Marr Fam
1991;53:856–70. https://doi.org/10.2307/352993

Bin Sallim A, Sayampanathan AA, Cuttilan A et al. Prevalence of men-
tal health disorders among caregivers of patients with Alzheimer 
disease. J Am Med Dir Assoc 2015;16:1034–41. https://doi.org/10.
1016/j.jamda.2015.09.007

Brown SL, Brown RM, House JS et al. Coping with spousal 
loss: potential buffering effects of self-reported helping behav-
ior. Pers Soc Psychol Bull 2008;34:849–61. https://doi.org/10.1177/
0146167208314972

Brown SL, Smith DM, Schulz R et al. Caregiving behavior is associated 
with decreased mortality risk. Psychol Sci 2009;20:488–94. https://
doi.org/10.1111/j.1467-9280.2009.02323.x

Caputo J, Pavalko EK, Hardy MA. The long-term effects of caregiv-
ing on women’s health and mortality. J Marr Fam 2016;78:1382–98. 
https://doi.org/10.1111/jomf.12332

Chen FN, Liu GY. The health implications of grandparents car-
ing for grandchildren in China. J Gerontol B Psychol Sci Soc Sci
2012;67B:99–112. https://doi.org/10.1093/geronb/gbr132

Christian LM, Wilson SJ, Madison AA et al. Understanding the health 
effects of caregiving stress: new directions in molecular aging. 
Ageing Res Rev 2023;92:102096. https://doi.org/10.1016/j.arr.2023.
102096

Christiansen SG. The association between grandparenthood and 
mortality. Soc Sci Med 2014;118:89–96. https://doi.org/10.1016/j.
socscimed.2014.07.061

Chung EO, Hagaman A, LeMasters K et al. The contribution of grand-
mother involvement to child growth and development: an obser-
vational study in rural Pakistan. Bmj Global Health 2020;5:e002181. 
https://doi.org/10.1136/bmjgh-2019-002181

Coall DA, Hertwig R. Grandparental investment: past, present, 
and future. Behav Brain Sci 2010;33:1–19. https://doi.org/10.1017/
S0140525X09991105

Cohen S, Kamarck T, Mermelstein R. A global measure of perceived 
stress. J Health Soc Behav 1983;24:385–96. https://doi.org/10.2307/
2136404

Danielsbacka M, Krenkova L, Tanskanen AO. Grandparenting, health, 
and well-being: a systematic literature review. Eur J Ageing
2022;19:341–68. https://doi.org/10.1007/s10433-021-00674-y

Davis MH. Measuring individual-differences in empathy: evi-
dence for a multidimensional approach. J Pers Soc Psychol
1983;44:113–26. https://doi.org/10.1037/0022-3514.44.1.113

de Lange AMG, Kaufmann T, van der Meer D et al. Population-based 
neuroimaging reveals traces of childbirth in the maternal brain. 
Proc Natl Acad Sci U S A 2019;116:22341–46. https://doi.org/10.
1073/pnas.1910666116

de Vugt ME, Jolles J, van Osch L et al. Cognitive functioning in spousal 
caregivers of dementia patients: findings from the prospective 
MAASBED study. Age Ageing 2006;35:160–66. https://doi.org/10.
1093/ageing/afj044

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;152:166–75. https://doi.org/10.1016/j.socscimed.
2016.01.041

Finkenwirth C, Martins E, Deschner T et al. Oxytocin is associated 
with infant-care behavior and motivation in cooperatively breed-
ing marmoset monkeys. Horm Behav 2016;80:10–18. https://doi.
org/10.1016/j.yhbeh.2016.01.008

Fisher GG, Franks MM, Plassman BL et al. Caring for individuals with 
dementia and cognitive impairment, not dementia: findings from 
the aging, demographics, and memory study. J Am Geriatr Soc
2011;59:488–94. https://doi.org/10.1111/j.1532-5415.2010.03304.x

https://academic.oup.com/scan/article-lookup/doi/10.1093/scan/nsaf013#supplementary-data
https://osf.io/qa4hr/
https://osf.io/qa4hr/
https://doi.org/https://doi.org/10.1002/alz.12638
https://doi.org/https://doi.org/10.1016/j.neuroimage.2005.02.018
https://doi.org/https://doi.org/10.2307/352993
https://doi.org/https://doi.org/10.1016/j.jamda.2015.09.007
https://doi.org/https://doi.org/10.1016/j.jamda.2015.09.007
https://doi.org/https://doi.org/10.1177/0146167208314972
https://doi.org/https://doi.org/10.1177/0146167208314972
https://doi.org/https://doi.org/10.1111/j.1467-9280.2009.02323.x
https://doi.org/https://doi.org/10.1111/j.1467-9280.2009.02323.x
https://doi.org/https://doi.org/10.1111/jomf.12332
https://doi.org/https://doi.org/10.1093/geronb/gbr132
https://doi.org/https://doi.org/10.1016/j.arr.2023.102096
https://doi.org/https://doi.org/10.1016/j.arr.2023.102096
https://doi.org/https://doi.org/10.1016/j.socscimed.2014.07.061
https://doi.org/https://doi.org/10.1016/j.socscimed.2014.07.061
https://doi.org/https://doi.org/10.1136/bmjgh-2019-002181
https://doi.org/https://doi.org/10.1017/S0140525X09991105
https://doi.org/https://doi.org/10.1017/S0140525X09991105
https://doi.org/https://doi.org/10.2307/2136404
https://doi.org/https://doi.org/10.2307/2136404
https://doi.org/https://doi.org/10.1007/s10433-021-00674-y
https://doi.org/https://doi.org/10.1037/0022-3514.44.1.113
https://doi.org/https://doi.org/10.1073/pnas.1910666116
https://doi.org/https://doi.org/10.1073/pnas.1910666116
https://doi.org/https://doi.org/10.1093/ageing/afj044
https://doi.org/https://doi.org/10.1093/ageing/afj044
https://doi.org/https://doi.org/10.1016/j.socscimed.2016.01.041
https://doi.org/https://doi.org/10.1016/j.socscimed.2016.01.041
https://doi.org/https://doi.org/10.1016/j.yhbeh.2016.01.008
https://doi.org/https://doi.org/10.1016/j.yhbeh.2016.01.008
https://doi.org/https://doi.org/10.1111/j.1532-5415.2010.03304.x


Caregiving is associated with lower brain age  9

Franke K, Gaser C. Ten years of brainage as a neuroimaging 
biomarker of brain aging: what insights have we gained? Front 
Neurol 2019;10:789. https://doi.org/10.3389/fneur.2019.00789

Franke K, Ziegler G, Kloppel S et al. Alzheimer’s Disease Neuroimag-
ing Initiative. Estimating the age of healthy subjects from T1-
weighted MRI scans using kernel methods: exploring the influ-
ence of various parameters. Neuroimage 2010;50:883–92. https://
doi.org/10.1016/j.neuroimage.2010.01.005

Fredman L. Caregiving, mortality, and mobility decline: the Health, 
Aging, and Body Composition (Health ABC) study. Arc Int Med
2008;168:2154–62. https://doi.org/10.1001/archinte.168.19.2154

Fredman L, Lyons JG, Cauley JA et al. The relationship between care-
giving and mortality after accounting for time-varying caregiver 
status and addressing the healthy caregiver hypothesis. J Geron-
tol Ser A Biol Sci Med Sci 2015;70:1163–68. https://doi.org/10.1093/
gerona/glv009

Gaser C, Dahnke R, Thompson PM et al. Alzheimer’s Disease Neu-
roimaging Initiative. CAT—a computational anatomy toolbox for 
the analysis of structural MRI data. Gigascience 2024, 13. https://
doi.org/10.1093/gigascience/giae049

Gruenewald TL, Karlamangla AS, Greendale GA et al. Feelings of use-
fulness to others, disability, and mortality in older adults: the 
MacArthur study of successful aging. J Gerontol Ser B Psychol Sci 
Soc Sci 2007;62:PP28–P37. https://doi.org/10.1093/geronb/62.1.P28

Hawkes K, Coxworth JE. Grandmothers and the evolution of human 
longevity: a review of findings and future directions. Evol Anthro-
pol 2013;22:294–302. https://doi.org/10.1002/evan.21382

Hawkes K, O’Connell JF, Jones NG et al. Grandmothering, menopause, 
and the evolution of human life histories. Proc Natl Acad Sci U S A
1998;95:1336–39. https://doi.org/10.1073/pnas.95.3.1336

Hawkes K, OConnell JF, Jones NGB. Hadza women’s time allocation, 
offspring provisioning, and the evolution of long postmenopausal 
life spans. Curr Anthropol 1997;38:551–77. https://doi.org/10.1086/
204646

Hilbrand S, Coall DA, Gerstorf D et al. Caregiving within and beyond 
the family is associated with lower mortality for the caregiver: 
a prospective study. Evol Hum Behav 2017;38:397–403. https://doi.
org/10.1016/j.evolhumbehav.2016.11.010

Hill PL, Turiano NA. Purpose in life as a predictor of mortality across 
adulthood. Psychol Sci 2014;25:1482–86. https://doi.org/10.1177/
0956797614531799

Holmes WR, Joseph J. Social participation and healthy ageing: a 
neglected, significant protective factor for chronic non commu-
nicable conditions. Globalization Health 2011;7:43. https://doi.org/
10.1186/1744-8603-7-43

House JS, Landis KR, Umberson D. Social relationships and health. 
Science 1988;241:540–45. https://doi.org/10.1126/science.3399889

Jendrek MP. Grandparents who parent their grandchildren: circum-
stances and decisions. Gerontologist 1994;34:206–16. https://doi.
org/10.1093/geront/34.2.206

Joling KJ, van Marwijk HWJ, Veldhuijzen AE et al. The two-year inci-
dence of depression and anxiety disorders in spousal caregivers 
of persons with dementia: who is at the greatest risk? Am J 
Geriatr Psychiatry 2015;23:293–303. https://doi.org/10.1016/j.jagp.
2014.05.005

Kalc P, Dahnke R, Hoffstaedter F et al. Alzheimer’s Disease Neu-
roimaging Initiative. BrainAGE: Revisited and reframed machine 
learning workflow. Hum Brain Mapp 2024;45:e26632. https://doi.
org/10.1002/hbm.26632

Kamrani-Sharif R, Hayes AW, Gholami M et al. Oxytocin as neuro-
hormone and neuro-regulator exert neuroprotective properties: 
a mechanistic graphical review. Neuropeptides 2023;101:102352. 
https://doi.org/10.1016/j.npep.2023.102352

Kovaleva M, Spangler S, Clevenger C et al. Chronic stress, social 
isolation, and perceived loneliness in dementia caregivers. J Psy-
chosoc Nurs Ment Health Serv 2018;56:36–43. https://doi.org/10.
3928/02793695-20180329-04

Lahdenpera M, Lummaa V, Helle S et al. Fitness benefits of prolonged 
post-reproductive lifespan in women. Nature 2004;428:178–81. 
https://doi.org/10.1038/nature02367

Lahdenperä M, Lummaa V, Russell AF. Selection on male longevity 
in a monogamous human population: late-life survival brings no 
additional grandchildren. J Evol Biol 2011;24:1053–63. https://doi.
org/10.1111/j.1420-9101.2011.02237.x

Lahdenperä M, Russell AF, Lummaa V. Selection for long lifespan 
in men: benefits of grandfathering? Proc Royal Soc B Biol Sci
2007;274:2437–44. https://doi.org/10.1098/rspb.2007.0688

La Rue A. Healthy brain aging: role of cognitive reserve, cog-
nitive stimulation, and cognitive exercises. Clin Geriatr Med
2010;26:99–111. https://doi.org/10.1016/j.cger.2009.11.003

Lee J, Baik S, Becker T et al. Themes describing social isolation in fam-
ily caregivers of people living with dementia: a scoping review. 
Dementia Int J Soc Res Pract 2022;21:701–21. https://doi.org/10.1177/
14713012211056288

Leggett AN, Sonnega AJ, Lohman MC. Till death do us part: inter-
secting health and spousal dementia caregiving on caregiver 
mortality. J Aging Health 2020;32:871–79. https://doi.org/10.1177/
0898264319860975

Lovejoy MC, Weis R, O’Hare E et al. Development and initial valida-
tion of the Parent Behavior Inventory. Psychol Assess 1999;11:534. 
https://doi.org/10.1037/1040-3590.11.4.534

Mackenzie CS, Wiprzycka UJ, Hasher L et al. Associations between 
psychological distress, learning, and memory in spouse 
caregivers of older adults. J Gerontol B Psychol Sci Soc Sci
2009;64B:742–46. https://doi.org/10.1093/geronb/gbp076

Madden JR, Clutton-Brock TH. Experimental peripheral administra-
tion of oxytocin elevates a suite of cooperative behaviours in a 
wild social mammal. Proc Royal Soc B Biol Sci 2011;278:1189–94. 
https://doi.org/10.1098/rspb.2010.1675

Manjon JV, Coupe P, Marti-Bonmati L et al. Adaptive non-local 
means denoising of MR images with spatially varying noise levels. 
J Magn Reson Imaging 2010;31:192–203. https://doi.org/10.1002/
jmri.22003

McBride BA, Mills G. A comparison of mother and father involvement 
with their preschool age children. Early Child Res Q 1993;8:457–77. 
https://doi.org/10.1016/S0885-2006(05)80080-8

MohanKumar SMJ, Murugan A, Palaniyappan A et al. Role of 
cytokines and reactive oxygen species in brain aging. Mech Ageing 
Dev 2023;214:111855. https://doi.org/10.1016/j.mad.2023.111855

Montague DR, Walker-Andrews AS. Mothers, fathers, and infants: the 
role of person familiarity and parental involvement in infants’ 
perception of emotion expressions. Child Dev 2002;73:1339–52. 
https://doi.org/10.1111/1467-8624.00475

Mosconi L, Berti V, Dyke J et al. Menopause impacts human brain 
structure, connectivity, energy metabolism, and amyloid-beta 
deposition. Sci Rep 2021;11:10867. https://doi.org/10.1038/s41598-
021-90084-y

Ning K, Zhao L, Franklin M et al. Parity is associated with cogni-
tive function and brain age in both females and males. Sci Rep
2020;10:6100. https://doi.org/10.1038/s41598-020-63014-7

Oken BS, Fonareva I, Wahbeh H. Stress-related cognitive dysfunction 
in dementia caregivers. J Geriatr Psychiatry Neurol 2011;24:191–98. 
https://doi.org/10.1177/0891988711422524

Okun MA, Yeung EW, Brown S. Volunteering by older adults and 
risk of mortality: a meta-analysis. Psychol Aging 2013;28:564–77. 
https://doi.org/10.1037/a0031519

https://doi.org/https://doi.org/10.3389/fneur.2019.00789
https://doi.org/https://doi.org/10.1016/j.neuroimage.2010.01.005
https://doi.org/https://doi.org/10.1016/j.neuroimage.2010.01.005
https://doi.org/https://doi.org/10.1001/archinte.168.19.2154
https://doi.org/https://doi.org/10.1093/gerona/glv009
https://doi.org/https://doi.org/10.1093/gerona/glv009
https://doi.org/https://doi.org/10.1093/gigascience/giae049
https://doi.org/https://doi.org/10.1093/gigascience/giae049
https://doi.org/https://doi.org/10.1093/geronb/62.1.P28
https://doi.org/https://doi.org/10.1002/evan.21382
https://doi.org/https://doi.org/10.1073/pnas.95.3.1336
https://doi.org/https://doi.org/10.1086/204646
https://doi.org/https://doi.org/10.1086/204646
https://doi.org/https://doi.org/10.1016/j.evolhumbehav.2016.11.010
https://doi.org/https://doi.org/10.1016/j.evolhumbehav.2016.11.010
https://doi.org/https://doi.org/10.1177/0956797614531799
https://doi.org/https://doi.org/10.1177/0956797614531799
https://doi.org/https://doi.org/10.1186/1744-8603-7-43
https://doi.org/https://doi.org/10.1186/1744-8603-7-43
https://doi.org/https://doi.org/10.1126/science.3399889
https://doi.org/https://doi.org/10.1093/geront/34.2.206
https://doi.org/https://doi.org/10.1093/geront/34.2.206
https://doi.org/https://doi.org/10.1016/j.jagp.2014.05.005
https://doi.org/https://doi.org/10.1016/j.jagp.2014.05.005
https://doi.org/https://doi.org/10.1002/hbm.26632
https://doi.org/https://doi.org/10.1002/hbm.26632
https://doi.org/https://doi.org/10.1016/j.npep.2023.102352
https://doi.org/https://doi.org/10.3928/02793695-20180329-04
https://doi.org/https://doi.org/10.3928/02793695-20180329-04
https://doi.org/https://doi.org/10.1038/nature02367
https://doi.org/https://doi.org/10.1111/j.1420-9101.2011.02237.x
https://doi.org/https://doi.org/10.1111/j.1420-9101.2011.02237.x
https://doi.org/https://doi.org/10.1098/rspb.2007.0688
https://doi.org/https://doi.org/10.1016/j.cger.2009.11.003
https://doi.org/https://doi.org/10.1177/14713012211056288
https://doi.org/https://doi.org/10.1177/14713012211056288
https://doi.org/https://doi.org/10.1177/0898264319860975
https://doi.org/https://doi.org/10.1177/0898264319860975
https://doi.org/https://doi.org/10.1037/1040-3590.11.4.534
https://doi.org/https://doi.org/10.1093/geronb/gbp076
https://doi.org/https://doi.org/10.1098/rspb.2010.1675
https://doi.org/https://doi.org/10.1002/jmri.22003
https://doi.org/https://doi.org/10.1002/jmri.22003
https://doi.org/https://doi.org/10.1016/S0885-2006(05)80080-8
https://doi.org/https://doi.org/10.1016/j.mad.2023.111855
https://doi.org/https://doi.org/10.1111/1467-8624.00475
https://doi.org/https://doi.org/10.1038/s41598-021-90084-y
https://doi.org/https://doi.org/10.1038/s41598-021-90084-y
https://doi.org/https://doi.org/10.1038/s41598-020-63014-7
https://doi.org/https://doi.org/10.1177/0891988711422524
https://doi.org/https://doi.org/10.1037/a0031519


10  Rilling et al.

O’Reilly D, Connolly S, Rosato M et al. Is caring associated with 
an increased risk of mortality? A longitudinal study. Soc Sci 
Med 2008;67:1282–90. https://doi.org/10.1016/j.socscimed.2008.
06.025

O’Reilly D, Rosato M, Maguire A et al. Caregiving reduces mortality 
risk for most caregivers: a census-based record linkage study. Int 
J Epidemiol 2015;44:1959–69. https://doi.org/10.1093/ije/dyv172

O’Sullivan M, Brennan S, Lawlor BA et al. Cognitive function-
ing among cognitively intact dementia caregivers compared 
to matched self-selected and population controls. Aging Men-
tal Health 2019;23:566–73. https://doi.org/10.1080/13607863.2018.
1428937

Palma KA, Balardin JB, Vedana G et al. Emotional memory deficit and 
its psychophysiological correlate in family caregivers of patients 
with dementia. Alzheimer Dis Assoc Disord 2011;25:262–68. https://
doi.org/10.1097/WAD.0b013e318209e453

Pinquart M, Sorensen S. Differences between caregivers and non-
caregivers in psychological health and physical health: a meta-
analysis. Psychol Aging 2003;18:250–67. https://doi.org/10.1037/
0882-7974.18.2.250

Poulin MJ, Brown SL, Dillard AJ et al. Giving to others and the 
association between stress and mortality. Am J Public Health
2013;103:1649–55. https://doi.org/10.2105/Ajph.2012.300876

Radloff LS. The CES-D scale: a self-report depression scale 
for research in the general population. Applied Psycholog-
ical Measurement 1977;1:385–401. https://doi.org/10.1177/
014662167700100306

Rafael A, Sousa L, Martins S et al. Cognitive impairment in grand-
parents: a systematic review. Psychiatry Invest 2021;18:593–602. 
https://doi.org/10.30773/pi.2021.0034

Rajapakse JC, Giedd JN, Rapoport JL. Statistical approach to seg-
mentation of single-channel cerebral MR images. IEEE Trans Med 
Imaging 1997;16:176–86. https://doi.org/10.1109/42.563663

Ramsay S, Grundy E, O’Reilly D. The relationship between informal 
caregiving and mortality: an analysis using the ONS Longitu-
dinal Study of England and Wales. J Epidemiol Commun Health
2013;67:655–60. https://doi.org/10.1136/jech-2012-202237

Rasmussen CE, Williams CKI. Gaussian Processes for Machine Learn-
ing. MIT Press. Table of contents only, 2006. http://www.loc.gov/
catdir/toc/fy0614/2005053433.html

Rilling JK, Gonzalez A, Lee M. The neural correlates of grandmater-
nal caregiving. Proc Biol Sci 2021;288:20211997. https://doi.org/10.
1098/rspb.2021.1997

Rilling JK, Lee M, Mcisaac J et al. Evaluation of a photo caption-
ing cognitive empathy intervention for dementia caregivers. Clin 
Gerontol 2024;47:832–45. https://doi.org/10.1080/07317115.2024.
2317972

Ross MET, Aday LA. Stress and coping in African American 
grandparents who are raising their grandchildren. J Fam Issues
2006;27:912–32. https://doi.org/10.1177/0192513x06287167

Ryff CD, Keyes CL. The structure of psychological well-being revis-
ited. J Pers Soc Psychol 1995;69:719–27. https://doi.org/10.1037/
0022-3514.69.4.719

Sadruddin AFA, Ponguta LA, Zonderman AL et al. How do grand-
parents influence child health and development? A system-
atic review. Soc Sci Med 2019;239:112476. https://doi.org/10.1177/
0956797614531799

Saito A, Nakamura K. Oxytocin changes primate paternal tolerance 
to offspring in food transfer. J Comp Physiol A Neuroethol Sens Neu-
ral Behav Physiol 2011;197:329–37. https://doi.org/10.1007/s00359-
010-0617-2

Schulz R, Beach SR. Caregiving as a risk factor for mortality: 
the Caregiver Health Effects Study. JAMA J Am Med Assoc
1999;282:2215–19. https://doi.org/10.1001/jama.282.23.2215

Schulz R, Beach SR, Czaja SJ et al. Family caregiving for older 
adults. Annu Rev Psychol 2020;71:635–59. https://doi.org/10.1146/
annurev-psych-010419-050754

Sear R, Mace R. Who keeps children alive? A review of the effects 
of kin on child survival. Evol Hum Behav 2008;29:1–18. https://doi.
org/10.1016/j.evolhumbehav.2007.10.001

Smith GC, Merchant W, Hayslip B et al. Measuring the parent-
ing practices of custodial grandmothers. J Child Family Stud
2015;24:3676–89. https://doi.org/10.1007/s10826-015-0176-9

Spielberger CD. State-Trait Anxiety Inventory for Adults. Sampler Set. 
Palo Alto, CA: Mind Garden, 1983. https://search.library.wisc.edu/
catalog/999800929902121

Tohka J, Zijdenbos A, Evans A. Fast and robust parameter estima-
tion for statistical partial volume models in brain MRI. Neuroimage
2004;23:84–97. https://doi.org/10.1016/j.neuroimage.2004.05.007

Vitaliano PP, Zhang JP, Scanlan JM. Is caregiving hazardous to one’s 
physical health? A meta-analysis. Psychol Bull 2003;129:946–72. 
https://doi.org/10.1037/0033-2909.129.6.946

Weisman O, Zagoory-Sharon O, Feldman R. Oxytocin administration 
to parent enhances infant physiological and behavioral readiness 
for social engagement. Biol Psychiatry 2012;72:982–89. https://doi.
org/10.1016/j.biopsych.2012.06.011

Yang YC, Boen C, Gerken K et al. Social relationships and physiolog-
ical determinants of longevity across the human life span. Proc 
Natl Acad Sci U S A 2016;113:578–83. https://doi.org/10.1073/pnas.
1511085112

Yuan W, He Z, Hou W et al. Role of oxytocin in the medial preoptic 
area (MPOA) in the modulation of paternal behavior in man-
darin voles. Horm Behav 2019;110:46–55. https://doi.org/10.1016/
j.yhbeh.2019.02.014

Zarit SH, Reever KE, Bach-Peterson J. Relatives of the impaired 
elderly: correlates of feelings of burden. Gerontologist
1980;20:649–55. https://doi.org/10.1093/geront/20.6.649

Zeng Y, Ni ZM, Liu SY et al. Parity and all-cause mortality in women 
and men: a dose-response meta-analysis of cohort studies. Sci Rep
2016;6:1–11. https://doi.org/10.1038/srep19351

Social Cognitive and Affective Neuroscience, 2025, 20(1), nsaf013, DOI: https://doi.org/10.1093/scan/nsaf013, Advance Access Publication Date: 8 March 2025, 
Original Research – Neuroscience
Received: 9 September 2024; Revised: 28 October 2024; Accepted: 7 March 2025
© The Author(s) 2025. Published by Oxford University Press.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs licence (https://creativecommons.
org/licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any medium, provided the original work is not 
altered or transformed in any way, and that the work is properly cited. For commercial re-use, please contact reprints@oup.com for reprints and translation 
rights for reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on the article page on our site–for further 
information please contact journals.permissions@oup.com.

https://doi.org/https://doi.org/10.1016/j.socscimed.2008.06.025
https://doi.org/https://doi.org/10.1016/j.socscimed.2008.06.025
https://doi.org/https://doi.org/10.1093/ije/dyv172
https://doi.org/https://doi.org/10.1080/13607863.2018.1428937
https://doi.org/https://doi.org/10.1080/13607863.2018.1428937
https://doi.org/https://doi.org/10.1097/WAD.0b013e318209e453
https://doi.org/https://doi.org/10.1097/WAD.0b013e318209e453
https://doi.org/https://doi.org/10.1037/0882-7974.18.2.250
https://doi.org/https://doi.org/10.1037/0882-7974.18.2.250
https://doi.org/https://doi.org/10.2105/Ajph.2012.300876
https://doi.org/https://doi.org/10.1177/014662167700100306
https://doi.org/https://doi.org/10.1177/014662167700100306
https://doi.org/https://doi.org/10.30773/pi.2021.0034
https://doi.org/https://doi.org/10.1109/42.563663
https://doi.org/https://doi.org/10.1136/jech-2012-202237
http://www.loc.gov/catdir/toc/fy0614/2005053433.html
http://www.loc.gov/catdir/toc/fy0614/2005053433.html
https://doi.org/https://doi.org/10.1098/rspb.2021.1997
https://doi.org/https://doi.org/10.1098/rspb.2021.1997
https://doi.org/https://doi.org/10.1080/07317115.2024.2317972
https://doi.org/https://doi.org/10.1080/07317115.2024.2317972
https://doi.org/https://doi.org/10.1177/0192513x06287167
https://doi.org/https://doi.org/10.1037/0022-3514.69.4.719
https://doi.org/https://doi.org/10.1037/0022-3514.69.4.719
https://doi.org/https://doi.org/10.1177/0956797614531799
https://doi.org/https://doi.org/10.1177/0956797614531799
https://doi.org/https://doi.org/10.1007/s00359-010-0617-2
https://doi.org/https://doi.org/10.1007/s00359-010-0617-2
https://doi.org/https://doi.org/10.1001/jama.282.23.2215
https://doi.org/https://doi.org/10.1146/annurev-psych-010419-050754
https://doi.org/https://doi.org/10.1146/annurev-psych-010419-050754
https://doi.org/https://doi.org/10.1016/j.evolhumbehav.2007.10.001
https://doi.org/https://doi.org/10.1016/j.evolhumbehav.2007.10.001
https://doi.org/https://doi.org/10.1007/s10826-015-0176-9
https://search.library.wisc.edu/catalog/999800929902121
https://search.library.wisc.edu/catalog/999800929902121
https://doi.org/https://doi.org/10.1016/j.neuroimage.2004.05.007
https://doi.org/https://doi.org/10.1037/0033-2909.129.6.946
https://doi.org/https://doi.org/10.1016/j.biopsych.2012.06.011
https://doi.org/https://doi.org/10.1016/j.biopsych.2012.06.011
https://doi.org/https://doi.org/10.1073/pnas.1511085112
https://doi.org/https://doi.org/10.1073/pnas.1511085112
https://doi.org/https://doi.org/10.1016/j.yhbeh.2019.02.014
https://doi.org/https://doi.org/10.1016/j.yhbeh.2019.02.014
https://doi.org/https://doi.org/10.1093/geront/20.6.649
https://doi.org/https://doi.org/10.1038/srep19351
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

	Caregiving is associated with lower brain age in humans
	Introduction
	Materials and methods
	Grandmothers
	Caregivers
	Neuroimaging
	BrainAGE calculation
	Statistical analysis

	Results
	Grandmothers
	Caregivers for people living with dementia

	Discussion
	Supplementary data
	Conflict of interest:
	Funding
	Data availability
	References


