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a b s t r a c t

How does helping behavior contribute to the health and the longevity of older helpers? From an
evolutionary perspective, the ultimate cause may be rooted in ancestral parenting and grandparenting.
These activities may have generalized to a neural and hormonal caregiving system that also enabled
prosocial behavior beyond the family. From a psychological perspective, helping others may be associ-
ated with healthy aging, which, in turn, contributes to longevity as a proximate cause. Yet little is known
about the extent to which mediating factors such as the health benefits of helping behaviors translate
into enhanced longevity, particularly in regard to grandparenting. To fill this gap, we conducted medi-
ation analyses (structural equation models) to examine whether grandparenting and supporting others
in the social network contributed directly or indirectly (through better health 5e6 years later) to the
longevity of older helpers. We drew on longitudinal data from the Berlin Aging Study (N ¼ 516), in which
older adults in Berlin, Germany, were interviewed at baseline (1990e1993, mean age at entry ¼ 85 years)
and continuously followed up until 2009. Results suggest that the associations of both grandparenting
and supporting others with enhanced longevity are mediated by better prospective health (indirect ef-
fect). The effect of helping was not fully mediated, howeverdhelping was also directly associated with
increased longevity independently of the health indicators measured. The results were robust against
effects of the helper's preexisting health status and sociodemographic characteristics of participants,
their children, and grandchildren. We conclude that better prospective health contributes to the link
between helping and longevity, but does not fully account for it. Other potential contributing mecha-
nisms remain to be identified. As populations age across the globe, identifying mechanisms that foster
health in old age can help to highlight potential targets for public health interventions.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Many societies around the globe are aging (Glaser et al., 2014). In
Europe, for instance, the fast-growing segment of the population is
the group aged 65 years or older. This group accounted for 15% of
the total population in 2010, projected to rise to 25% by 2050 (WHO,
2012). At the same time, the total fertility rate (TFR) has dropped
from 2.3 children per woman in 1970 to 1.6 in 2014 (Eurostat, 2016),
y, University of Basel, Mis-

).
and a growing proportion of the population is childless. One key
issue raised by this dramatic demographic transformation is how
healthy aging can be promoted in older adults.

One strategy for staying active in old age is to provide childcare
for grandchildren ordespecially for childless individualsdto sup-
port others in the social network. Both forms of helping behavior
have been found to be associated with reciprocal benefits in terms
of better health or a longer lifespan (Anderson et al., 2014; Hilbrand
et al., 2017). Yet most previous work investigating helping behavior
has focused on the association to either health or longevity but not
both. Furthermore, it commonly is assumed that the beneficial ef-
fect of helping on health mediates the beneficial impact of helping
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on longevity, but this mediation hypothesis has not been tested
systematically. We fill this gap by examining the indirect and direct
paths between helping, health, and longevity. In a first step, we
derive potential ultimate causes for these paths from evolutionary
theory. Ultimate causes explainwhy and how a specific mechanism
may have evolved over hundreds of generations. In a second step,
we complement this line of reasoning by presenting theory and
previous empirical findings from the behavioral sciences. These
offer a possible proximate explanation for how specific behaviors or
circumstances impact individuals within their lifespan. In a third
step, we test how both grandparental caregiving and supporting
others beyond biological descendants translate into proximate
health effects and eventually into longevity benefits.

By grandparenting and grandparental caregiving, we refer to
non-custodial, non-intensive grandparental caregiving, defined as
time spent looking after a grandchild of any age (Glaser et al., 2014).
By supporting and helping others, we mean the provision of reg-
ular, but not extensive, instrumental or emotional support to
members of the helper's social network beyond biological
descendants.

1.1. Evolutionary perspective: why helping behavior within and
beyond the family may have increased human lifespan

From an evolutionary perspective, it is hypothesized that help-
ing behavior within and beyond kin is ultimately rooted in ances-
tral parenting and grandparenting (Brown et al., 2011; Chisholm
et al., 2016; Hrdy, 2009) and is one of the driving forces underly-
ing human longevity (Hawkes and Coxworth, 2013; Kim et al.,
2014). Specifically, the grandmother hypothesis proposes that
ancestral as well as contemporary post-reproductive women who
help to raise their grandchildren enhance their own inclusive
fitness by improving the reproductive success of their children
(Hawkes et al., 1997, 1998; Sear and Coall, 2011). Inclusive fitness
(Hamilton, 1964) refers to the transmission of a person's genes into
future generations via the person's own actions and those of kin
who partially share the same genes (e.g., biological relatives). Thus,
the longer ancestral post-reproductive grandmothers were alive
and helped with childcare, the better their descendants' survival
chances (Hrdy, 2001; Sear and Mace, 2008) and the more likely it
was that helping behavior and longevity benefits would be trans-
mitted into the future. As post-reproductive women have physio-
logically fully functional systems (except fertility), it is
hypothesized that the inclusive fitness benefits of grandmothering
slowed down somatic aging in humans across hundreds of gener-
ations (Hawkes and Coxworth, 2013). Grandparenting, especially
grandmothering, is thus seen as conferring a selective advantage
that drives human longevity at an ultimate level (Kim et al., 2014).

Does the selective advantage of helping within the family also
generalize to helping beyond the family, and if so, how could it be
explained? One possibility is that through the neural circuitry
involved in parenting (see Numan, 2006), prosocial behavior may
have generalized across evolution into a neural and hormonal
caregiving system (Chisholm et al., 2016; Brown et al., 2011). This
caregiving system could be the ultimate foundation of caregiving
toward non-kin. On a proximate level, this system operates through
emotional processes (Preston and de Waal, 2002), and it seems
reasonable to assume that emotional pathways could link helping
behavior to regulatory physiological systems (e.g., stress-related
neuro-hormonal systems, see Brown and Okun, 2014). This link
may, in turn, be one of the proximate mechanisms that couple
health and longevity within an individual's lifespan.

Beyond this evolutionary line of reasoning, there are other po-
tential explanations for associations between helping, health, and
longevity. We next turn to one account from psychology. In our
view, it complements rather than competes with evolutionary
theorizing.

1.2. Psychological perspective: why older adults may benefit from
helping

Socioemotional selectivity theory (SST) predicts that people will
shift their goals from accumulating knowledge and skills at
younger ages to maintaining social bonds at older ages (Carstensen,
1995). This shift in orientation is associated with healthy aging
(Baltes and Carstensen, 1996). Moreover, studies have shown that
strengthening relationships with loved ones is key to maintaining
quality of life in terminally ill patients, regardless of age (Van der
Maas et al., 1991; Wilson et al., 2004). Because physiological and
cognitive aging signal the finiteness of life, older adults may be
motivated to focus on their social bonds and thus engage in more
prosocial behaviors.

Increased helping behavior in older adults may thus indicate a
shift toward socioemotional goals (e.g., maintaining social bonds
through helping). This shift has been shown to be positively
correlated with wellbeing (Baltes and Carstensen, 1996) and stress
regulationdwhich may be a proximate mechanism explaining the
concurrent benefits in health and longevity. Indeed, in a recent
study of stress-related mortality hazards in adults with a mean age
of 71 years, Poulin et al. (2013) found that helping behavior toward
friends, neighbors, or relatives who did not live with them over-
rides the link between stress and mortality: In non-helpers, stress
predicted mortality with a hazard ratio of 1.3; in helpers, it did not
predict mortality (hazard ratio ¼ 0.96).

Yet most previous work has investigated helping behavior and
its direct effects on either health or survival, but not the links be-
tween all three constructs. In this article, we therefore aim to
isolate the indirect effect of helping on longevity via health. Before
presenting our empirical analyses, we briefly review findings from
the behavioral sciences on the interplay between helping, health,
and longevity.

1.3. Benefits for the older helper: findings from the behavioral
sciences

The non-intensive provision of childcare has been shown to be
positively associated with grandparents' cognitive functioning
(Arpino and Bordone, 2014), subjective wellbeing (Mahne and
Huxhold, 2015), and lower risk of depression (Grundy et al.,
2012). Can older adults without children or grandchildren gain
similar benefits from, for instance, supporting members of their
social network?

Research on helping behavior beyond the nuclear family has
yielded a large body of literature indicating that providing volun-
tary support for others has beneficial effects on a the supporter's
health outcomes in a variety of respects (e.g., Brown et al., 2008;
Kahana et al., 2013; Morrow-Howell et al., 2003; Musick et al.,
1999; Tanskanen and Danielsbacka, 2016). Concerning older adults
in particular, Anderson et al. (2014) reviewed 73 studies and found
that, for people aged 50 years and older, volunteering was consis-
tently associatedwith reduced symptoms of depression, better self-
reported health, fewer functional limitations, or enhanced
longevity (for similar results, see Okun et al., 2013). The literature
thus suggests that helping behavior has health or longevity bene-
fits. However, it remains unclear whether longevity benefits are the
result of the health benefits (indirect effects) or whether helping is
directly associated with longevity. Moreover, some boundaries to
the beneficial effects of helping have been identified.

Full-time grandparental caregiving, for instance, can be highly
stressful, depleting grandparents' material and psychological



Fig. 1. Mediation model of the relationship between helping behavior and longevity
(direct effect, c0), mediated by health (indirect effect, ab), including covariates.
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resources and compromising their physical and mental health
(Taylor et al., 2016). Findings of an inverse U-shaped relationship
between the extent of grandparenting and wellbeing (see Coall and
Hertwig, 2010) have been corroborated by Glaser et al. (2014). They
found that both grandparents who co-reside with grandchildren
(providing custodial childcare) and grandparents who do not pro-
vide any grandchild care are likely to report poor. When consid-
ering the effects of grandparental caregiving, it is therefore
important to quantify caregiving intensity. Non-intensive levels of
caregiving are most likely to be associated with benefits. This may
be especially true of older grandparents, who may be more
vulnerable to adverse effects of intensive caregiving. The same logic
applies to help provided beyond the family. Helpers only benefit as
long as their helping does not exhaust them physically or psycho-
logically (Post, 2005). Furthermore, it is essential to take preexist-
ing health and socioeconomic characteristics into account; these
factors are known to affect associations between helping behavior
and health outcomes (Glaser et al., 2014; Hughes et al., 2007).
Another issue when investigating helping behavior beyond the
family is that the type and availability of formal volunteering often
differs considerably across countries or regions (Stadelman-Steffen
and Freitag, 2011). It is therefore useful to investigate a type of
‘volunteering’ that is prevalent in most communities, such as
supporting others in thewider social network. From a societal point
of view, this type of social support is especially valuable. Further-
more, as fertility rates drop and the number of disability-free years
rises, there is likely to be an increase in the numbers of older adults
who either do not have grandchildren or do not live near to their
grandchildren (e.g., due to divorce or geographic mobility) but are
willing and able to allocate resources to care for others.

All of these issues will eventually need to be factored into an
encompassing analysis of the individual and collective effects of
helping behaviors within and beyond the family. Our goal is to take
some further steps in this direction. Our brief review suggests that
helping behavior at older agesdand under certain conditionsdis
associated with healthy aging, and thus indirectly with enhanced
longevity. This pathway has not, however, been systematically
investigated. Moreover, it remains unclear to what extent health
benefits translate into enhanced longevity. Health may be a major
driver, but does it fully account for the apparent longevity benefits
of helping?

2. Hypotheses

Assuming that caregiving offered a selective advantage in
humans' evolutionary past and that contemporary humans carry
the genetic endowment for helping behavior, we showed in a
previous investigation that the act of caregiving has measurable
longevity effects for helpers today (Hilbrand et al., 2017). Specif-
ically, mortality was 33% lower for caregiving grandparents than for
non-caregiving grandparents and non-grandparents, with a hazard
ratio of 0.63. Similar results emerged for older parents who gave
instrumental help to their adult children and for childless older
helpers who supported others in their social network. In the pre-
sent investigation, we examine this association further by testing
whether the link between helping and longevity is mediated by
better prospective health (see Fig. 1).

Working on the assumption that human longevity is rooted in
parenting and grandparenting (ultimate level), and that helping
behavior is associated with better health in older adults (proximate
level, see SST), we examined whether helping behavior contributes
indirectly (via better health) to longevity. Specifically, we tested
two hypotheses. The first hypothesis states that, in grandparents,
the associations of non-intensive grandparenting and supporting
others with enhanced longevity are both mediated by better
prospective health on a proximate level (indirect effect; ab path).
Going beyond our previous investigation, we test both forms of
helping (grandparenting and supporting others in the wider social
network) in a single model. This enables us to explore their inde-
pendent effects on health and longevity in grandparents. The sec-
ond hypothesis states that, in childless older adults, the association
of providing moderate levels of support to the social network
beyond biological descendants with longevity is mediated by better
prospective health on a proximate level (indirect effect, ab path). In
examining these hypotheses, we focused on older adults because
health-related declines (e.g., in cognitive abilities or functional
health) becomemost salient as the end of life draws closer (Gerstorf
et al., 2013; Kleemeier, 1962).
3. Methods

3.1. Data

Datawere drawn from the longitudinal Berlin Aging Study, BASE
(Lindenberger et al., 2010). BASE is a multidisciplinary investigation
of the physical, cognitive, and social characteristics of people aged
70 years and older living in former West Berlin. The BASE dataset
contains extensive information on a range of health and social
conditions obtained from participants (generation 1, G1), as well as
information provided by G1 about their children (generation 2, G2)
and grandchildren (generation 3, G3). The BASE sample was
randomly selected from the records of the West Berlin registration
office. Those who agreed to participate completed interviews and
medical tests at their homes, doctors' practices, and hospitals at
baseline (interview time 1 [T1] between 1990 and 1993). The as-
sessments were repeated at approximately 2-year intervals and
participants were followed up until 2009 (interview time 8 [T8]).
Detailed descriptions of the variables and procedures used are
available elsewhere (Lindenberger et al., 2010; see also https://
www.base-berlin.mpg.de/en). Ethical approval for data collection
and permission for subsequent use was granted by the Berliner
€Arztekammer (Berlin physician commission) prior to the present
study prior to the present study.

As is often the case in longitudinal study designs, most cases of
longitudinal missing data were due to participant attrition (mor-
tality or moving away from Berlin). The latest update on mortality
in 2009 revealed that 463 of the initial 516 participants had died
(89.7%), 33 were alive (6.4%), and 20 (3.9%) were unaccounted for
(further details on selectivity and imputation of missing data are
provided in the online Supplementary Material (SM, see, Table S3)).

https://www.base-berlin.mpg.de/en
https://www.base-berlin.mpg.de/en
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3.2. Measurements

3.2.1. Dependent variable
Longevity was measured prospectively and indicates how many

years participants lived following the interview at time 1 [T1]
(known until 2009, estimated until 2015when the last survivor was
approximated to have died).

3.2.2. Independent variables
Grandparenting indicates the frequency of grandparental care-

giving in the 12months prior toT1 and is defined as looking after or
doing somethingwith the grandchild (G3) without the parents (G2)
being present. This variable ranges from 1 (never) to 7 (every day).
Note that therewere no cases of grandparental caregiving on a daily
basis; in other words, our sample did not include any primary or
custodial caregivers.

Supporting others indicates the amount of instrumental support
(e.g., aid with housework or fixing things) and/or emotional sup-
port (e.g., cheering someone up) given to others in the social
network in the 3months prior toT1. This variable ranges from 0 (no
support given) to 6 (maximum number of supporting activities
given), indicating how many of six questions (see the SM for de-
tails) were answered with yes. Note that the maximum score rep-
resents a moderate amount of help, which is not expected to
exhaust the helper.

3.2.3. Mediator
Health index at interview time 3 [T3] is a Z-standardized com-

posite scale representing health 5e6 years after T1. Because health
is a multi-dimensional construct, we included four subscales
reflecting physical and mental health: comorbidity (number of
physician-made diagnoses), functional health (Instrumental Ac-
tivities of Daily Living, IADL), cognitive functioning (Mini Mental
State Examination, MMSE), and depression (Hamilton Rating Scale
for Depression, HAM-D). These subscales were selected via factor
analysis. More details on the subscales and the selection procedure
are provided in the SM (Tables S1 and S2).

3.2.4. Covariates
We controlled for a set of covariates at T1 across all three gen-

erations. The covariates have previously been shown to be associ-
ated with longevity (Aichele et al., 2016; Gerstorf et al., 2013),
health and aging (Lindenberger, 2014), or grandparental caregiving
(Coall et al., 2009, 2014; Tanskanen and Danielsbacka, 2012).

At the participant level (G1), the covariates were health index at
T1 (constructed equivalently to health index at T3), age, sex, edu-
cation level, relationship status (with versus without partner), and
income. Age at transition to grandparenthood was defined with
respect to the birth of the first grandchild (becoming a grandparent
at an early age has been shown to be associated with both worse
health and higher mortality, see Christiansen, 2014; Coall et al.,
2009). The variables number of children and number of grand-
children covered all living children and grandchildren to account for
all potential caregiving opportunities. Finally, the sum of different
kinds of support received from others in the social network in the 3
months prior to T1 was encoded (equivalently to the measure
described above).

At the child level (G2), the covariates (averaged over all chil-
dren), were age, sex, education level, and relationship status (with
versus without partner). At the grandchild level (G3), the covariates
were age of the youngest grandchild (because grandparenting is
typically focused on the youngest), sex, education level, and
geographic proximity to the grandparent (averaged over all grand-
children). Descriptive data on all measures are presented in Table 1.
More details on the computation and coding of these variables are
provided in the SM.

3.3. Statistical analyses

We used structural equation modeling functions as imple-
mented in the R software package lavaan (R Development Core
Team; Rosseel, 2012) to test our hypotheses. These functions ac-
count for missing data using the full information maximum likeli-
hood (FIML) method. To avoid biases toward younger and healthier
individuals and to make use of complete datasets without missing
information, we used SPSS v. 22.0 (IBM Corp. Armonk, NY) to
conduct descriptive, correlational, and additional analyses on
multiple imputation datasets (see the SM for details).

First, variables with skewed distributions were logarithmically
transformed. Second, model fitting indicated that linear rather than
curvilinear associations were appropriate for investigating the
relationship between grandparenting/supporting others and
longevity (see Table S5 and Figs. S1 and S2 in the SM). Third, we
conducted a factor analysis extracting and testing the variables best
representing the multi-dimensional construct of health (more de-
tails on this analysis are available in the SM, Table S1). In addition,
we separately tested the predictive strength of each extracted
health subscale with respect to longevity, compared with the cu-
mulative effect of the health index at T3 (see Table S2 in the SM).
Fourth, we computed correlation coefficients between the inde-
pendent variables, the mediator, and the dependent variables (see
Table 2). Finally, we tested both hypotheses by conducting adjusted
multiple mediation analyses. This procedure simultaneously cal-
culates unstandardized regression coefficients for all paths of the
mediationmodel, thereby adjusting for the covariates in themodel.
Confidence intervals of coefficients denoting indirect effects are
based on the bootstrapping sampling method (using 5000 sam-
ples). Like regression coefficients in linear regressions, the greater
the coefficient's distance from 0 the stronger the association;
positive associations are indicated by positive coefficients, negative
associations by negative coefficients.

The first model, which tested hypothesis 1, included grand-
parenting and supporting others as independent variables, the health
index at T3 as themediator, and longevity as the dependent variable.
Only grandparents were included in this analysis (n ¼ 312). The
second model, which tested hypothesis 2, included supporting
others as the independent variable, the health index at T3 as the
mediator, and longevity as the dependent variable. Only childless
participants were included in this analysis (n ¼ 153) to ensure that
the support did not go to children or grandchildren. Covariates in
both models were socioeconomic characteristics at the grand-
parent, child, and grandchild levels, and support received from
others.

4. Results

4.1. Link between helping behavior, health, and longevity

Correlational results (with no covariates included) are presented
in Table 2. Both independent variables (grandparenting and sup-
porting others), the mediator (health index at T3), and the depen-
dent variable (longevity) were positively and significantly
intercorrelated.

4.2. Mediating role of prospective health

Model 1 tested the hypothesis that, in grandparents, the asso-
ciations of both grandparenting and supporting others with
longevity are mediated by prospective health. The regression co-
efficients summarized in Fig. 2 showed that higher levels of



Table 1
Descriptive statistics of the independent variables, mediator, dependent variable, and covariates (N ¼ 516).

Participants (G1) Mean or percentage Range n

Longevity (in years) 6.52 0e22 516
Grandparenting 2.44 1e6 312
Supporting others 2.38 0e6 516
Health index at T3 (Z-standardized) 0 �1.52e1.78 516
Female 50.00% e 516
Age 84.92 70e103 516
Age at transition to grandparenthood 57.22 31e89 312
Number of children 1.28 0e11 516
Number of grandchildren 1.83 0e22 516
Education level 1.56 1e5 516
Without partner 70.20% e 516
Income 3.50 1e5 516
Support received from others 3.23 0e6 516
Health index at T1 (Z-standardized) 0 �1.56e1.85 516

Children (G2)

Age 53.20 23e83 379
Female 42.00% e 379
Education level 1.98 1e5 379
Without partner 35.50% e 379

Grandchildren (G3)

Age 19.41 0e46 312
Education level 1.65 1e5 312
Proximity 5.28 1e8 312

Table 2
Pearson correlations (r coefficients) between grandparenting, supporting others, the
health index at T3, and longevity.

Grandparenting Supporting others Health index at T3

Grandparenting 1
Supporting others 0.67*** 1
Health index at T3 0.70*** 0.63*** 1
Longevity 0.66*** 0.72*** 0.81***

***p < 0.001.

Fig. 2. Regression coefficients from mediation model 1. The model tested indirect (ab) and d
adjusting for the following covariates: sex (G1, G2, G3), age (G1, G2, G3), age at transition to
(G1, G2), education level (G1, G2, G3), income (G1), support received from others (G1), hea
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grandparenting and of supporting others were significantly and
independently associated with better health (a paths) and that
better health was significantly associated with increased longevity
(b path). The coefficients of these indirect effects (ab paths) differed
significantly from 0 (Bgrandparenting ¼ 0.23, 95% confidence interval
(CI) ¼ 0.12e0.38, p < 0.001; Bsupporting others ¼ 0.38, 95%
CI ¼ 0.22e0.56, p < 0.001). At the same time, the coefficients of the
direct effects (c0 paths) of the two predictors on longevity were also
irect (c0) effects of grandparenting and supporting others on longevity in grandparents,
grandparenthood (G1), number of children and grandchildren (G1), relationship status
lth index at T1 (G1), and proximity (G3). Note ***p < 0.001.
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significantly positive. This means that the effect of helping was not
fully mediated. Prospective health mediated 22% of the relationship
between the two predictors and longevity. The model explained
88% of the total variance in longevity (adjusted R2).

As both predictors independently contributed to longevity,
there was no superior effect of one predictor over the other.
Moreover, the predictors were significantly associated (d path)
indicating that many grandparents who provided care for grand-
children also supported others in their social network. However,
providing both forms of help did not yield an increased longevity
benefit relative to providing only grandparental care (see the
additional analyses in the SM).

Model 2 tested the hypothesis that, in childless participants, the
association of supporting others beyond biological descendants
with longevity is mediated by prospective health. The regression
coefficients summarized in Fig. 3 again showed that higher levels of
supporting others were significantly associated with better health
(a path) and that better health was significantly associated with
enhanced longevity (b path). The coefficient of this indirect effect
(ab path) differed significantly from 0 (B¼ 0.58, 95% CI¼ 0.27e0.81,
p < 0.001). Again, the coefficient of the direct effect (c0 path) of the
predictor on longevity was significantly positive. This means that
the effect of helping was not fully mediated. Prospective health
mediated 29% of the relationship between supporting others and
longevity, and the model explained 81% of the total variance in
longevity (adjusted R2).

Overall, grandparenting and supporting others were both
significantly associated with longevity, and these associations were
partially mediated by prospective health. Of the subscales included
in the mediator (health index at T3), functional health proved to
have the strongest association with longevity (see Table S2 in the
SM).

In addition, results of a mediation analysis with a sample
restricted to grandchildren younger than 17 years (SM, Fig. S4)
suggest that the association between grandparenting and longevity
was not attributable to the fact that grandparental caregiving is
usually associated with younger grandchildren. Moreover, tests for
interactions (age � health, sex � helping, and relationship
status � helping) reveal that in the present dataset the link be-
tween helping and longevity was not due to either younger and
healthier or females or persons cohabitating with a partner
Fig. 3. Regression coefficients from mediation model 2. The model tested indirect (ab) and d
the following covariates (all at G1): sex, age, relationship status, education level, income, s
providing more care (see the SM, Tables S6eS11 and Fig. S5).
Testing the direction of the effect further, results of a mediation
analysis with health index at T1 as predictor (SM, Fig. S7) indicates
that health at baseline did not predict whether grandparents pro-
vided care for their grandchildren at T3. In a nutshell, grand-
parenting contributes to enhanced longevity and this effect cannot
be explained in terms of better health at baseline alone.

5. Discussion

Evolutionary theorizing (the grandmother hypothesis and the
theory of a neural and hormonal caregiving system) provides an
ultimate explanation of why and how helping behavior evolved to
be associatedwith longevity. Complementing this line of reasoning,
psychological theorizing (e.g., socioemotional selectivity theory)
offers a proximate explanation as to why older adults, in particular,
may gain health and longevity benefits from helping others. To our
knowledge, this investigation is the first to empirically examine the
concurrent associations between helping, health, and longevity
based on evolutionary and psychological reasoning. Both grand-
parenting and supporting others beyond biological descendants are
associated with increased longevity of the helper. We found that
these associations are partially mediated by better prospective
health. Next, we discuss other factors potentially mediating the
association between helping behavior and longevity that are not
contained in the BASE dataset.

5.1. Other factors associated with helping behavior and longevity

Although prospective health and longevity were highly corre-
lated (Pearson correlation, r ¼ 0.81), health mediated only 22% of
the association between helping behavior and longevity in grand-
parents and 29% of the association in childless older adults. This
finding strongly suggests that the translation of health benefits into
enhanced longevity often implicitly assumed in previous work
cannot be taken for granted. Through what other pathways might
helping behavior increase longevity?

Although the BASE health indices do include indicators of
physical and emotional health (i.e., depression), indicators of stress
are not available. Since emotional regulatory systems involve
pathways linked to the human stress response, investigating stress
irect (c0) effects of supporting others on longevity in childless participants, adjusting for
upport received from others, and health index at T1. Note ***p < 0.001.
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and its triggers may further illuminate the link between helping
behavior, health, and longevity. A recent study identifies prosocial
behavior as an effective stress-reduction strategy because it in-
fluences biological systems, including stress-regulating hormones
such as oxytocin (Raposa et al., 2016). This possibility is in line with
findings that helping behavior is a stress buffer that in turn boosts
survival (Poulin et al., 2013). Both studies complement the evolu-
tionary argument that the human caregiving system ultimately
evolved from (grand)parenting and that it proximately operates
through emotion (e.g., compassion) and stress-regulatory systems
(e.g., oxytocin), thus influencing health and longevity.

Another factor potentially involved in the link between helping
behavior and longevity is the relationship between care provider
and receiver. For example, maintaining quality contact between
paternal grandparents and grandchildren, who are often alienated
during re-partnering and step-family formation, is beneficial to the
behavioral adjustment and mental health of both (Attar-Schwartz
et al., 2009; Bates and Taylor, 2012). Social strain afflicting inter-
generational relationships not only leads to declines in health (Tun
et al., 2013) but also decreases the probability of helping behavior
in these relationships (Coall et al., 2014). Therefore, the quality of
emotional relationships may further shape the association between
helping and longevity (Merz et al., 2007).

Participants' motives for helping may also play a key role in
whether helping behavior results in health and longevity benefits.
Such benefits have previously been found only when volunteering
is other-oriented rather than reciprocity-oriented (Konrath et al.,
2012; for further motivational aspects, see Fung and Carstensen,
2004). From an evolutionary perspective, it is plausible that
other-orientation evolved within the family (see caregiving sys-
tem). It follows that the engine behind helping behavior is not
primarily reciprocity based (see Kurzban et al., 2015, for a review of
human altruistic behavior). Indeed, results from health psychology
suggest that frustrated expectations of reciprocal reward can
override the positive effects of helping and potentially even lead to
depression in the helper (Keller, 2002). Thus, whether the help
provided is other-oriented or reciprocity-oriented may further
shape the association between helping and longevity.

These bio-psycho-social factors may play an important com-
plementary role in the association between helping behavior,
health, and longevity. Examination of multiple proximate pathways
may reveal more details of the causal mechanisms underlying the
associations of helping within and beyond the family with
longevity. In this study, we have taken a first step in this direction.

5.2. Strengths, limitations and future research

This investigation has several strengths. First, we brought
together evolutionary and psychological theorizing, and showed
that they complement rather than compete with each other in
explaining the associations between helping, health, and longevity.
Second, we used proxies of both physical and mental health to
reflect the multi-dimensional construct of health. Focusing on a
single aspect of health is not sufficient to detect effects on longevity,
as the impact of physical and mental health on longevity is cu-
mulative (Aichele et al., 2016, see also Table S2 in the SM for
additional analyses on each health subscale). Third, our health
measures were not only based on self-reports, but included
physician-made diagnoses of moderate to severe chronic illnesses
(as determined in clinical examinations, supported by additional
laboratory analysis of blood and saliva samples) and performance-
based measures of cognitive functioning. Fourth, we were able to
capitalize on the longitudinal nature of the BASE dataset. This
allowed us to rule out the explanation that the association between
helping and longevity was due to participant's better preexisting
health (see the mediation analysis with health as predictor in the
SM, Fig. S7). The longitudinal nature permitted a prospective
investigation of how helping behavior at T1 was associated with
subsequent health at T3 and consequently impacted longevity. The
BASE data also allowed us to account for preexisting health and
socioeconomic characteristics of participants, all their children, and
grandchildren (T1). In many previous studies, in contrast, the
closest or youngest grandchild was chosen. Taking these charac-
teristics into account across all three generations provides a more
detailed representation of the helpers and their social and familial
networks than has previously been achieved. Fifth, the BASE
dataset allowed us to account for support received from others,
thus controlling for reciprocity. Receiving support in old age is
hypothesized to contribute to longevity independently of health.
Specifically, grandparents are assumed to allocate more resources
to those grandchildren who are most likely to reciprocate (see
rational grandparent model, Friedman et al., 2008), thus ensuring
grandparental wellbeing in old age. Because we controlled for
support received in both of our models, this competing explanation
can be ruled out. Furthermore, from an evolutionary perspective, it
is the provision of help that translates into health and longevity
benefits, rather than receipt alone (Brown et al., 2003).

Several limitations of our study warrant acknowledgment. As
mentioned above, additional bio-psycho-social factors (e.g., stress-
related hazards, motivation for providing care, and relationship
quality) may mediate the association between helping and
longevity. No data on these factors were available in BASE. Future
investigations may choose to test the proximate physiological
pathways explaining why prosocial behavior has the potential to
influence longevity via health (see Introduction) under laboratory
conditions (e.g., by measuring oxytocin).

Another limitation is that we tested the hypotheses in two
specific groups (i.e., grandparents and childless older adults).
Therefore, we cannot be certain that the results will generalize
beyond these populations. This question must be explored by
investigating the triangle of helping, health, and longevity in other
groups, such as older adults with children but no grandchildren.
Furthermore, it is possible that helping behavior is associated with
longevity in younger and healthy people but not in older and less
healthy people. We tested for an interaction between age and
health (see the SM) and found that younger and healthier partici-
pants were indeed more likely to benefit from helping. We there-
fore included an interaction term (age � health) in both models;
the results remained robust. That is, longevity benefits were not
due to younger age and better preexisting health.

A final issue concerns the extent to which the caregiving vari-
able grandparenting is confounded with general social interactions
with grandchildren. Our measure of grandparenting may have
included occasions when grandparents (G1) simply met their
grandchildren (G3) without the parents (G2) being present.
Although we observed similar results in a subsample of grand-
children aged under 17 years, who are more likely to require
caregiving than older grandchildren (see the SM), the observed
effects may be biased by the social rather than instrumental di-
mensions of the interaction. The variable supporting others captures
helping behavior (instrumental and emotional support) more
clearly. Future studies examining helping behavior under labora-
tory conditions may be able to separate the social from the
instrumental dimensions of grandparenting more clearly than was
possible here.

Notwithstanding these limitations, our findings raise the pos-
sibility that actively promoting helping behavior within and
beyond the family may be conducive to healthy aging and
longevity.
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5.3. Conclusion

Our findings suggest that helping behavior is not only associated
with longevity, but also supports healthy aging. From a public
health perspective, this is good news. Older adults who engage in
helping behavior could age actively, with more years in better
health. Before these empirical regularities can be translated into
targeted public health interventions, however, transdisciplinary
efforts are needed to unravel more of the proximate mechanisms
underlying the relationship between helping behavior and
longevity.
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