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Keywords: Based on the theoretical foundations of the caregiving system model, which holds that prosocial behavior can be
Prosocial behavior conceptualized in relation to a neurobiological stress-buffering mechanism, we addressed the question of
Oxytocin whether daily volunteering yields buffering effects in terms of suppressing a neuroendocrine response (i.e.,

Caregiving system model
Stress reactivity
National study of daily experiences

salivary cortisol) to daily stressors. We used daily diary data from the second wave of the National Study of Daily
Experiences (NSDE II), which is part of the Midlife in the United States study (MIDUS II), a nationally re-
presentative survey of middle-aged and older adults. Analyzing a sample of volunteers (N = 340), we tested the
buffering role of daily volunteer work for the same day stressors-salivary cortisol response relationship (person-
day observations, N = 1,042). Findings from multilevel models indicated that the relationship between daily
stressors and cortisol output was attenuated on days when volunteering was performed compared to days vo-
lunteering was not performed. Our findings are suggestive of a unique, but unobserved, neurobiological me-
chanism underlying the link between volunteering and better health. Volunteer programs designed to help
others in need may be considered as an intervention strategy for individuals living under stressful conditions.

1. Introduction

There is now an extensive literature on the salubrious health effects
of volunteering among older adults (Anderson et al., 2014). Various
mechanisms have been proposed and tested to explain the link between
volunteering and health. The mechanisms include those that are ex-
plained by the social features of volunteering, such as the context of a
formal organizational structure within which the activity is conducted
and the social role it provides (Greenfield and Marks, 2004; Mutchler
et al., 2003), as well as the social support, social control, and inter-
personal relationships generated by this activity (Fried et al., 2004; Han
et al., 2017). Other research focuses on the psychological benefits as-
sociated with volunteering, such as increases in mastery (Thoits and
Hewitt, 2001) and self-efficacy (Miiller et al., 2014). Recently, the focus
on the positive social and psychological aspects of volunteering has
been extended to factors that are more neurobiological in nature, and
researchers are beginning to uncover empirical evidence of the asso-
ciation between volunteering and markers across distinct human bio-
logical and physiological systems (Burr et al., 2016; Kim and Ferraro,
2014; Nelson-Coffey et al., 2017). Prosocial behavior, such as formal
volunteering, can be conceptualized in relation to a neurobiological
“caregiving system” in the human brain that is health-promoting via a
stress-buffering mechanism (Brown and Brown, 2017). This approach

provides theoretical grounding for the “under the skin” association
between volunteering and health. Despite these advances, empirical
evidence for the stress-regulatory function of volunteering is rare and
requires further evaluation.

The aim of this study is to investigate the association between vo-
lunteering and health from a neurobiological perspective framed within
the caregiving system model. Specifically, we employ data from a daily
diary study to test whether volunteer activity suppresses a specific
neuroendocrine response (i.e., cortisol secretion) to stress that in-
dividuals experience on a daily basis. This daily diary design also offers
an opportunity to reduce shortcomings associated with social selection
processes found in earlier studies of volunteering and health (i.e.,
healthy volunteer effect; Li and Ferraro, 2005) by taking a within-
person analytic modeling approach, where subjects are treated as their
own controls. To our knowledge, no other study to-date has examined
the stress-buffering effects of volunteering for cortisol levels using a
daily dairy study design.

1.1. The caregiving system model
The caregiver system model (CSM; Brown and Brown, 2017; Brown

and Cialdini, 2015) integrates accumulated insights from multi-
disciplinary research on prosocial behavior that provides a framework
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for the neurobiology of prosocial behavior, as well as a theoretical basis
for understanding the health benefits associated with helping behavior.
Formal volunteering, commonly defined as unpaid work performed
under the auspices of a formal organization with the intent of benefit-
ting others, is considered a relevant marker of prosocial behavior within
this framework (Brown and Brown, 2017; Morrow-Howell, 2010).
However, according to the CSM, it is volunteer activity directed to-
wards caring for others in need, and not work directed towards other
more impersonal purposes, that is relevant to the neural and hormonal
caregiving system developed over the long history of human evolution
(Brown and Brown, 2017).

The CSM posits that social bonds and interdependence between
individuals enable persons to provide help to those in need without
being exploited (Brown and Brown, 2017). The central argument of the
model is that when a person perceives others are in need of help, there
is an interaction between social and neurobiological factors (e.g., social
bonding, interdependence, hormonal correlates) and available re-
sources (e.g., ability to help, history of providing and receiving care). In
this context, the medial preoptic area (MPOA) of the hypothalamus
activates the caregiving system in the brain (Brown and Cialdini, 2015).
The caregiving system in turn promotes helping behavior by increasing
the other-focused motivation to actively provide care (via empathy and
compassion), as well as by inhibiting motivations that compete with
providing care (e.g., self-serving or reward-seeking behavior). That is,
the motivational conflict of moving beyond self-interest to provide help
for others is reconciled through a stress regulation process (Brown and
Brown, 2017; Brown and Cialdini, 2015). The neuroendocrine mod-
ulation involving specific hormones, such as oxytocin (OT) and arginine
vasopressin, is considered to be instrumental to the model, as these
hormones play key roles in social bonding, being primed to meet the
needs of others, and stress regulation in the processes of the activation
and maintenance of the caregiving system (Brown and Cialdini, 2015;
MacDonald and MacDonald, 2010).

Apart from providing an explanation for the neurobiological me-
chanisms that guide helping behavior, the CSM also provides a frame-
work that explains the widely documented health benefits for the
helper that is often restricted to helping behaviors based on an other-
focused motives (e.g., volunteering) and not those based on self-serving
motivations, such as obligation (e.g., caregiving; Anderson et al., 2014;
Brown and Brown, 2017; Burr et al., 2017). The health benefits asso-
ciated with the other-focused helping behavior can be explained by the
stress-buffering mechanism underlying the caregiving system and its
hormonal correlates, which are known to have downstream health
benefits (Brown and Cialdini, 2015). In particular, increased levels of
OT associated with helping others attenuate the physiological and
psychological responses to various forms of stress that individuals ex-
perience, through neuroendocrine mechanisms involving the hypotha-
lamus-pituitary-adrenal (HPA) axis functioning (Heinrichs et al., 2009).
The OT hormone has been a major focus in the stress-buffering litera-
ture, and its role in dampening the HPA response to stress has been
widely documented, where a large body of research using human
subjects has indicated the stress-buffering effects of OT on stress hor-
mones, especially salivary cortisol (for a review, see Hostinar et al.,
2014). To be clear, we do not interpret the CSM to indicate that pro-
social behaviors like volunteering under the auspices of formal orga-
nizations are directly related to the release of healthy hormones. Ra-
ther, the CSM provides a foundation for expecting such pro-social
helping behaviors to help regulate the relationship between stress and
the release of these hormones (for a detailed description of the neuro-
biological basis for the stress-buffering mechanism underlying the CSM,
refer to Brown and Brown, 2017).

1.2. Daily stress and stress reactivity

The role of stress for health and well-being is well-established in the
literature (Acabchuk et al., 2017; Thoits, 2010) and there is increasing
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evidence that accumulation of minor stressors experienced on a daily
basis, often described as daily hassles (e.g., arguments with others,
work deadlines), is a critical determinant of health (Almeida et al.,
2011). Further, it is not exposure to these stressors that is important for
health outcomes per se, but rather it is the individual variation in re-
activity to stressors that accounts for variability in health (Almeida
et al., 2011). One of the key physiological markers of stress reactivity is
the release of cortisol from the adrenal cortex. Although cortisol plays
an essential role in stress regulation, elevated and chronic exposure to
this stress hormone is detrimental for physical and mental health
(Piazza et al., 2010). In this study, we examine overall secretion of
diurnal cortisol (i.e., from wake time to sleep time) assessed daily, an
indicator of cortisol output known to be associated with daily stressors
(Stawski et al., 2013).

1.3. The stress-buffering effects of volunteering

Despite the extensive literature on volunteering and health, studies
that examine the stress-buffering effects of volunteering are limited.
Two studies based on U.S. samples show mixed findings; volunteering
did not buffer the detrimental effects of role-loss on affective well-being
in later life (Greenfield and Marks, 2004), but the activity was shown to
buffer the adverse effects of widowhood on depressive symptoms (Li,
2007). Additional evidence of the stress-buffering effects of vo-
lunteering comes from a study framed by the CSM, where Poulin (2014)
shows that a greater number of hours devoted to volunteering was
protective against stressful life events (e.g., serious illness, natural
disaster). Further evidence on the stress-buffering hypothesis comes
from studies on other forms of helping behavior. A recent daily diary
study by Raposa et al. (2016) demonstrates that prosocial behaviors
(e.g., holding an open door, asking someone if they need help) directed
toward strangers and acquaintances attenuates the negative effects of
daily stressors on psychological health outcomes. Other studies re-
garding prosocial behaviors indicate that instrumental help provided to
family members and friends (Brown et al., 2008), social support given
to others in a religious setting (Krause, 2006), and charitable behaviors,
such as donating blood or giving money to charity (Poulin and Holman,
2013) buffer the adverse effects of stress. Importantly, Poulin and
Holman (2013) provide evidence that different genotypes associated
with the OT receptor gene account for the stress-buffering effect,
thereby providing some support for the CSM.

1.4. Study question and hypothesis

Guided by the CSM and recent findings from the empirical litera-
ture, we address the question of whether volunteering provides a buffer
for the neuroendocrine reactivity (as measured by diurnal cortisol se-
cretion) to daily stressors. To reiterate, the hypothesized relationship
between volunteering and stress-reactivity is related to a stress-buf-
fering mechanism. The CSM does not provide theoretical grounding to
expect a direct relationship between volunteering and cortisol output.
We assume that volunteer work activates the caregiving system, pro-
moting the secretion of OT (unobserved in this study due to data lim-
itations). Thus, we hypothesize that the relationship between daily
stressors and cortisol response among volunteers will be attenuated on
days when individuals volunteer as compared to days when they do not
volunteer.

2. Design and methods
2.1. Data & study sample

The data were taken from the second wave of the National Study of
Daily Experiences (NSDE II; Almeida et al., 2009), which is a random

subsample of the National Survey of Midlife Development in the United
States (MIDUS 1I), representative of Americans ages 35 to 84 (Brim
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et al., 2004). A total of 2022 respondents in the NSDE were contacted
for daily diary telephone interviews on their experiences for eight
consecutive evenings. On days 2 through 5 of the 8-day observation
period, respondents provided four saliva samples throughout the day:
(a) upon waking, (b) 30 min after getting out of bed, (c) before lunch,
and (d) at bedtime. The daily diary data for this study came from the 4
days where saliva samples were collected (for detailed information of
the saliva collection, cortisol assay, and NSDE in general, refer to
Almeida et al., 2009).

The objective of this study was to examine within-person relation-
ships between daily stressors, volunteer work, and stress reactivity;
therefore, the study sample was constrained to those who were self-
identified as volunteers. Because the stress-buffering mechanism theo-
rized in the CSM is specific to helping behavior that is interpersonal in
nature, we defined the study sample of volunteers using information
from the main MIDUS survey; this information was unavailable from
the NSDE (see below). In the core MIDUS survey, respondents were
asked how many hours per month, on average, they spent doing formal
volunteer work for each of the following: (a) hospital, nursing home, or
other healthcare-oriented volunteer work; (b) school or other youth-
related volunteer work; (c) volunteer work for political organizations or
causes; and (d) volunteer work for any other organization, cause, or
charity. Based on responses to these items, we first selected individuals
identified as monthly volunteers for either (a) or (b), given the re-
levance of these volunteer activities for helping others in need, such as
persons who are ill or young people (N = 566). Therefore, the specific
type of volunteer work actually conducted each day is assumed based
on self-reports of the type of monthly volunteer activity in which they
engaged. The data file does not contain information on type of daily
volunteer activity. The implications of this sampling strategy and re-
lated limitations are addressed later in the discussion section.

Respondents who self-identified as volunteers but who did not meet
other sample criteria were excluded. These included those who did not
provide saliva samples (n = 72) or time stamps for the samples (n = 2),
as well as individuals with irregular daily schedules (i.e., nightshift
workers; n = 4). Further, respondents whose cortisol levels were out-
side of the normal range (i.e., > 60 nmol/l), or for whom the before
lunch sample was =10nmol/]1 more than the 30-min post-waking
sample were excluded. As well, respondents were excluded if they re-
ported they were awake for less than 12 h or more than 20 h during the
day, or reported less than 15 min, or more than 60 min between the first
and second saliva samples (Stawski et al., 2013). These exclusions
yielded a sample with 1,072 usable days of data from 351 respondents.
Finally, respondents with missing information on other study variables
were excluded (n = 11). The final analytic sample included 340 re-
spondents who provided data for 1,042 person-days.

2.2. Measures

2.2.1. Total cortisol output

The total cortisol output during each of the four saliva collection
days was calculated using the area under the curve (AUC), widely used
in endocrinological research. Specifically, we used area under the curve
with respect to the ground (AUCg) trapezoid formula recommend by
Pruessner et al. (2003) to assess the overall secretion of diurnal cortisol
(i.e., from wake time to bedtime):

_ (out of bed cortisol + wake up cortisol)-
B 2
+ (before lunch cortisol + out of bed cortisol)-t,
2
+ (bed time cortisol + before lunch cortisol)-t3
2

AUCq

with t;, t5, and t3 denoting the temporal distance between each sub-
sequent measurement (i.e., saliva collection). The computed AUCg
measurements were then transformed by the natural log to adjust for
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skewness (range = 1.92-6.10).

2.2.2. Daily stressors

The Daily Inventory of Stressful Events index (DISE; Almeida et al.,
2002) was used to assess daily stressors. Each evening, respondents
were asked a series of stem questions regarding whether they had ex-
perienced each of the following seven stressors in the past 24 h: argu-
ments, potential arguments, work stressors, home stressors, network
stressors (i.e., stressors that happened to other people in respondent's
network), discrimination stressors, and other stressors. Dichotomous
responses (1 = experienced stressor; 0 = did not experience stressor) to the
seven items were then summed, with higher scores indicating more
daily stressors (i.e., total number of daily stressors). Respondents re-
ported more than three stressors in less than 1% of 1,440 the study
days; therefore, the measure was top-coded at three or more stressors
(range = 0-3). To ensure that our results were not sensitive to the
coding strategy, we evaluated an alternative measure of daily stress,
where a dichotomous measure for any stressor experienced was coded as
1 when respondents gave an affirmative response to any of the seven
items. Results from this sensitivity analysis were consistent with results
using the continuous measure of daily stress (see Supplementary
Table 1).

2.2.3. Daily volunteering

Daily involvement in formal volunteering was assessed with the
question, “Since (this time we spoke) yesterday, did you spend any time
doing formal volunteer work at a church, hospital, senior center, or any
other organization?” If a respondent worked at places such as a church
or nursing home, they were considered as volunteering only if the re-
spondent was not financially compensated. Volunteering on a given day
was coded dichotomously (1 = yes; 0 = no).

2.2.4. Daily covariates

We considered several measures known to influence daily salivary
cortisol output. Daily wake time was considered in relation to re-
spondents’ average time of awakening during the study period, with
higher values indicating later than usual wake time (Kudielka and
Kirschbaum, 2003). Taking medications (i.e., allergy medications,
steroid inhaler, steroid medications, cortisone, birth control pills, other
hormones, antidepressants, and anxiety medications) known to interact
with HPA activity was coded as 1 = at least one medication, 0 = no
medication (Granger et al., 2009). Day of the week was coded as
1 = Monday through Friday, 0 = Saturday and Sunday (Kunz-Ebrecht
et al., 2004).

2.2.5. Background characteristics

Several sociodemographic and health measures were also included
in the models. Sociodemographic covariates included age (in years),
gender (1 = woman; O = man), race (1 = White; O = non-White),
working for pay (1 = yes; 0 = no), and education level (1 = some high
school/high school graduate (reference category); 2 = some college/col-
lege graduate; 3 = some graduate school or above). Measures for general
health included body mass index (in kg/mz) and self-rated health,
ranging from 1 (poor) to 5 (excellent).

2.3. Analytic plan

We first examined the background characteristics of the study
sample. We also performed bivariate analyses of daily volunteering and
cortisol output, along with other daily covariates to examine whether
involvement in volunteering was associated with daily characteristics.

The key research question was addressed using a series of multilevel
models (2-level model), where observation days (level 1) were nested
within persons (level 2). First, we examined the association between
saliva cortisol output and daily stressors, as well as volunteering, con-
trolling for all study covariates (i.e., daily and background
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characteristics; Model 1). In the subsequent model (Model 2), we ex-
amined the buffering effects of volunteering for the relationship be-
tween daily stressors and cortisol by introducing an interaction term
between daily stressors and volunteering. The level 1 (within-person)
equation for the multilevel model is as follows:

Cortisol; = bo; + by; (Daily stressor,) + bo; (Daily volunteering,;) + bs;
(Daily stressor;) x (Daily volunteering;) + by (Daily character-
isticsy) + ey,

where cortisol output is person i's total cortisol output (calculated as
AUC transformed by the natural log) on day t, by; is the individual
specific intercept; by;, bo;, and bg; are the coefficients for daily stressors,
daily volunteering, and the interaction terms, respectively. Daily cov-
ariates for person i on same day t (bs;) were also added to the model as
controls. For the effect size of the interaction term, we computed
Cohen's d with reference to changes in the level-1 variance.

At level 2 (between-person), we added background characteristics to
the model. Characteristics such as marital status, race, education level,
self-rated health, and monthly volunteer status showed no statistically
significant association with cortisol output and the inclusion of these
variables in the models did not change the patterns of results for the
other variables; therefore, these measures were dropped from the final
models in the interest of parsimony. All analyses were performed using
STATA; multilevel models were estimated using the XTMIXED proce-
dure (Statacorp, 2013).

3. Results

Background characteristics of the study sample are presented in
Table 1. On average, individuals in the sample reported providing
about 12 h of volunteer work per month towards helping persons who
are ill and young people, and less than an hour to volunteer work for a
political cause. The majority of respondents were female (64%) and
white (84%), with a high proportion the sample being married and
having at least some college education. On average, the sample showed
an above-normal body mass index, indicated good self-rated health, and
woke up at around 6:30 in the morning.

Bivariate differences in cortisol output and other daily character-
istics by daily volunteer status (i.e., volunteer day vs. non-volunteer
day) are presented in Table 2. Volunteer days showed a lower level of
cortisol output compared to non-volunteer days, although the differ-
ence was only marginally significant (p = .09). In general, other daily
characteristics did not differ in relation to whether or not individuals
volunteered on a given day.

Table 1
Background characteristics of study sample.

M (SD)
Age 52.46 (11.32)
Female, % 64.12
Married, % 77.94
White, % 84.41
Working, % 70.00
Education level, %
Some high school/high school graduate 17.99
Some college/college graduate 52.21
Some graduate school and higher 29.79
Body mass index (kg/m?) 28.79 (13.14)
Self-rated health® 3.85 (0.89)
Wake time 6.57 (1.08)
Monthly volunteer hours
Hospital, nursing home, other health-care-oriented work 8.84 (13.26)
School or other youth-related work 3.01 (7.18)
Political organizations or causes 0.57 (2.71)
Any other organizations, cause, or charity 5.23 (8.38)

Notes. Persons N = 340.
@ Rated on a scale ranging from 1 (poor) to 5 (excellent).
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Table 2
Daily characteristics by daily volunteer status.

Days volunteered Days not volunteered tor x?
(n=169) (n=873)
M (SD) M (SD)
Total cortisol 125.58 (63.20) 134.58 (62.70) 2.91%
output (AUC)
Any stressor, % 47.34 43.87 0.69
Total number of 0.66 (0.79) 0.60 (0.79) 0.61
stressors
Wake time 6.53 (1.18) 6.52 (1.31) 0.00
Weekday, % 73.37 76.52 0.77

Notes. Persons N = 340; Person-day observations N = 1,042. AUC = Area Under the
Curve with respect to the ground (nmol/l). Differences in daily characteristics by vo-
lunteer status were tested using t-tests for continuous variables and the chi-square statistic
for categorical variables.

fp < .10.

Table 3
Multilevel model results for within-person associations of daily stress, volunteering, and
cortisol output.

Model 1 Model 2
Fixed effects
Intercept 4.79%**  [4.64,4.95] 4.78***  [4.63,4.94]
Daily experiences
Number of stressors 0.04* [0.01,0.07] 0.05%* [0.02,0.09]
Volunteering —0.01 [-0.08,0.06] 0.04 [-0.04,0.13]
X Number of - - —0.08* [-0.15,-0.01]
stressors
Wake time —0.09%**  [-0.12,-0.06] —0.09*** [-0.12,-0.06]
Had medication —0.04 [-0.13,0.05] —0.04 [-0.13,0.06]
Weekday 0.07* [0.01,0.12] 0.07* [0.01,0.13]
Background characteristics
Age® 0.01** [0.00,0.01] 0.01** [0.00,0.01]
Female —0.04 [-0.14,0.06] —0.04 [-0.14,0.06]
Working 0.08 [-0.03,0.19] 0.08 [-0.02,0.19]
Body mass index” 0.00 [-0.01,0.00] 0.00 [-0.01,0.00]
Random effects
Intercept variance 0.15***  [0.12,0.18] 0.15***  [0.12,0.18]
Residual variance 0.09***  [0.09,0.11] 0.09***  [0.08,0.10]
— 2 log-likelihood 1,077.77 1,073.20
AIC 1,101.77 1,099.20

Notes. Persons N = 340; Person-day observations N = 1,042. Unstandardized coefficients
and 95% confidence intervals (in parentheses). Cortisol output calculated as log-trans-
formed of Area Under the Curve with respect to the ground.
*p < .05.**p < .01. ***p < .001.

@ Grand mean-centered.

Results from the multilevel regression interaction models are pre-
sented in Table 3. In Model 1, number of daily stressors was associated
with an increased level of cortisol output (b = 0.04, p < .05), holding
other factors in the model constant. As expected, there was no re-
lationship between daily volunteering and cortisol output. In Model 2,
the effects of daily stressors on cortisol output was allowed to vary
depending on daily volunteering with the inclusion of the interaction
term between daily stressors and volunteering. As indicated by the
statistically significant coefficient for the interaction term (b = —0.08,
p < .05), we found support for the buffering effect of volunteering on
the relationship between daily stressors and cortisol output. That is, the
positive relationship between the number of daily stressors and cortisol
output was weaker on days individuals were engaged in volunteer work
compared to days not engaged in volunteering (see Fig. 1 for a graphic
representation of the results from the multilevel model). The effect size
of this buffering effect was relatively small (d = 0.1).

Regarding the relationships between the covariates and cortisol
output, waking up late (compared to waking up early) was associated
with a lower level of daily cortisol output and individuals showed
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3+

Number of daily stressors

Fig. 1. Predicted saliva cortisol output, as calculated by log-transformed of Area Under the Curve with respect to the ground (and 95% confidence interval), by daily volunteer status for
varying numbers of daily stressors, holding covariates constant at their mean values. The plots are based on estimated parameters from the multilevel models.

higher levels of cortisol output on weekdays compared to weekends. In
addition, older adults showed a higher level of cortisol output com-
pared to their younger counterparts.

4. Discussion

In this daily diary study framed within the neurobiological foun-
dations of the caregiving system model (Brown and Brown, 2017;
Brown and Cialdini, 2015), daily engagement in volunteer work was
associated with reduced endocrine reactivity to stressors among a
sample of middle-aged and older volunteers. This finding is in line with
the stress-buffering effects of prosocial behavior on psychological
health outcomes reported in a recent daily diary study based on a
younger sample (mean age = 24.5; Raposa et al., 2016). The evidence
for the stress-buffering effect of volunteering for salivary cortisol con-
tributes to the small but growing body of scientific literature on the
“under the skin” effects of volunteering (Burr et al., 2016; Kim and
Ferraro, 2014; Nelson-Coffey et al., 2017). Importantly, our findings are
suggestive of a unique health-promoting activity of volunteering; that
is, helping behavior directed towards others in need may benefit the
helper's health by dampening the adverse effects of stress, through the
implicated (but not directly observed) activation of the caregiving
system and health promoting hormones.

The principal finding that volunteer work attenuates the association
between daily stressors and cortisol output on a daily basis provides
empirical support for the CSM. Although we did not have the data to
directly confirm the following, helping behavior directed towards other
persons in need, implicated in our assumption that types of monthly
volunteering is consistently replicated in daily volunteer activities, is
likely to have been driven by the other-focused motivation, triggering
the activation of the caregiving system and stress-buffering mechanisms
(Brown and Cialdini, 2015). The interaction effect of daily volunteering
and stressors for salivary cortisol output was consistently significant
regardless of how stressors were measured (e.g., any stressors vs
number of daily stressors) and the potential confounding factors con-
trolled in the models, providing some confidence regarding the ro-
bustness of the results. Our findings based on observational daily dairy
data provide initial evidence for hypothetical claims made in earlier
studies with regards to how stress-buffering effects of prosocial beha-
vior on mental and psychological health outcomes may have biological
roots (Brown et al., 2008; Raposa et al., 2016). The small but significant
stress-buffering effects of volunteering on salivary cortisol reported in
this study should be taken as partial support for this idea, suggesting
further studies aimed at better understanding the biological
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underpinnings of healthful effects of helping behavior.

Although we suspect that the buffering effects of volunteering re-
ported in this study are associated with the caregiving system and se-
cretion of OT, there are other potential explanations for this finding.
First, the social bonds formed between the helper and the helped and
the positive social interactions enabled through volunteer work (Piercy
et al.,, 2011) may also contribute to the health-promoting neurobiolo-
gical mechanisms (Heinrichs et al., 2009). As well, prosocial behaviors
are shown to have an influence on the link between stressors and
psychological health outcomes (Raposa et al., 2016), which can lead to
differences in cortisol levels. Finally, the other-focused orientation in-
herent in some forms of volunteering may serve as a distraction from
one's own sources of stress, thereby reducing the hormonal reactivity to
stress (Midlarsky, 1991). For example, evidence from an experimental
study indicated that individuals who experience acute social stress
subsequently engaged in prosocial behavior, potentially as a coping
mechanism (Dawans et al., 2012). Further research is needed to test
these possible explanations.

4.1. Limitations

This study had several limitations. First, the NSDE did not provide
information on the specific type of daily volunteer work performed; we
therefore had to rely on volunteering status measured on a monthly
basis from the main MIDUS study to infer the nature of daily volunteer
work reported in the NSDE. Although the data limitations did not allow
us to make any direct claims about the nature of daily volunteer work
reported in the NSDE, we are able to make some indirect inferences
based on the volunteer profiles of the study sample derived from the
hours of monthly volunteering activity (see Table 1). That is, an average
volunteer in the sample spent the majority of volunteering hours doing
care-oriented work (i.e., health-care or youth-related volunteering) and
less than an hour towards other purposes (e.g., political volunteering).
Also, we make the strong assumption that the types of volunteering
reported on a monthly basis are replicated for the types of volunteering
reported on a daily basis, based on the significant consistency and
continuity in volunteering activities reported among middle-aged and
older adults. For example, research shows that two-year retention rates
for volunteers in this age group, including volunteers for youth-related
and health-care work, are around 70% (Foster-Bey et al., 2007). Re-
gardless, some daily volunteer work reported in the NSDE is likely to be
unrelated to other-focused helping behavior, although we believe that
such measurement errors make the findings in our study conservative.
Additional studies with specific volunteer activity on a daily basis are
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needed to confirm the results reported here.

Second, key neurobiological factors of the stress-buffering me-
chanism proposed in the CSM, including OT, were not evaluated in the
analyses due to data limitations. Despite the difficulties in measuring
OT in human subjects (McCullough et al., 2013), future studies should
consider the link between OT, stress, and cortisol to corroborate the
findings from this study, when data become available. Third, we are
unable to confirm the temporal order between daily volunteer work and
daily stressors; that is, we cannot ascertain whether stressors preceded
or followed volunteer work. However, given the relatively long half-life
of OT in the brain and the prolonged elevation of the hormone levels
after initial release shown in recent studies (MacDonald and
MacDonald, 2010; van Ijzendoorn et al., 2012), the proposed stress-
buffering mechanism may hold even if volunteer activities followed an
experience of daily stress. More research is needed here.

Finally, due to the limited availability of data from saliva samples in
the NSDE, only 4 days of daily dairy data were used in the analyses,
which likely resulted in capturing only a snapshot of the volunteer
activities performed by the respondents. Although the small number of
repeated observations (an average of 3.1 usable data points per re-
spondent) are less desirable than daily diary study designs that include
more observations, we engaged in supplementary analyses using more
advanced analytic models, where within-person effects of daily stres-
sors and volunteer activities are distinguished from between-person
effects (Hoffman and Stawski, 2009). Results from these supplementary
analyses were consistent with the main findings (see Supplementary
Table 2.)

4.2. Contributions and future research directions

To the best of our knowledge, this study is the first to report the
potential health benefits of formal volunteering using a daily dairy
design, and our findings suggest that engaging in volunteer activities to
help others in need may also help the helper's health. As well, the
within-person analytic approach using a large sample of volunteers only
allowed us to partly overcome the issue of social selection bias reported
in earlier studies (Li and Ferraro, 2005) by comparing volunteer days to
non-volunteer days while using individuals as their own controls. Al-
though the observational nature of the study design does not allow us to
discuss the findings in causal terms and clinical implications of these
findings require careful interpretation, we believe that strong health
benefits of care-oriented volunteering among middle-aged and older
adults documented in earlier randomized control trials (e.g., Experience
Corps) provide some confidence in the small but significant stress-
buffering effects found in this study (Hong and Morrow-Howell, 2010).
The results from the study uniquely demonstrate the stress-buffering
effect of volunteering by using a biological stress marker (i.e., salivary
cortisol output). Future studies should evaluate whether similar buf-
fering effects exist for immediate health outcomes, using such measures
as daily mood or daily physical symptoms. The stress-buffering effect
reported herein is supportive of arguments found in earlier studies that
call for providing volunteer opportunities as an intervention for in-
dividuals dealing with acute or chronic stress (Brown et al., 2008; Fried
et al., 2004; Kim and Konrath, 2016; Li, 2007; Poulin and Holman,
2013). Finally, this study added to the growing empirical evidence in
support of the CSM, and the results contribute to the neurobiological
pathways that link health effects with prosocial behavior. Extending
research efforts to examine stress-buffering effects for other forms of
helping behavior, such as informal help provided to friends and car-
egiving given to family members (e.g., grandparenting; Hilbrand et al.,
2017), would provide further insights into these complex processes.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://dx.
doi.org/10.1016/j.socscimed.2018.02.011.
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