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Objective: Prior studies suggest that prosocial behaviour can lead to better mental and physical health. Yet little is
known about whether engaging in prosocial behaviour contributes to reducing physical pain. The objective of
this study is to investigate longitudinal associations of two prosocial behaviours, donating money to charity and/

gzi:gn or volunteering time to an organisation, with pain.
Voluntegring Methods: Data are from the United Kingdom Household Longitudinal Survey (UKHLS, approximate N = 48,000

individuals). Both prosocial behaviours were assessed in 2011 and pain was assessed annually through 2020,
according to the extent to which it interfered with respondents' ability to do work. Using a prospective longi-
tudinal study design, linear mixed models examined associations of each prosocial behaviour separately and both
combined on pain interference across 10 years of follow-up adjusting for a broad range of covariates including
demographics, initial health status, and depression.

Resuits: People who did versus did not donate or volunteer reported lower pain interference over 10 years of
follow-up (donating b = —0.059, p < 0.001; volunteering b = —0.086, p < 0.001). Individuals who donated more
versus less money reported lower pain interference although volunteering more hours was not associated with
lower pain interference. Finally, findings suggested that engaging in both donating and volunteering versus
neither was associated with lower pain interference over follow-up.

Conclusion: There is a longitudinal association between donating money to charity and/or volunteering time to
an organisation with pain interference with work. Understanding factors that help to reduce pain is relevant for
the design of public health policies.

Physical pain is one of the primary reasons people visit the emer-
gency room [1]. Approximately 9 million people live with chronic pain
in the United Kingdom and musculoskeletal pain alone accounts for 30%
of medical consultations [2]. Physical pain adversely affects quality of
life, including mental health [3], productivity at work [4], and people's
experience of family and workplace [5]. Prior work considering the role
of psychosocial factors in physical pain shows higher pain is associated
with negative emotions [6,7], lack of control [8], distress due to eco-
nomic recessions [9,10], loneliness and social isolation [11,12], and
discrimination [13]. However, little research has explored factors that
might protect against experiencing physical pain. Identifying and un-
derstanding such factors is crucial to improving individuals' quality of
life and alleviating burden on the healthcare system.

Prosocial behaviour - behaviour that benefits others [14] - has been

identified as health protective [15]. Various prosocial behaviours have
been studied in relation to mental and physical health, namely, helping,
sharing, donating, cooperating, volunteering, and acting kindly with
others [16]. Prior research shows prosocial spending (i.e., spending
money on others vs on oneself) is a strong predictor of happiness [17]
and donating money to charity is associated with greater life satisfaction
[18]. People asked to donate money to charity exhibited increased
activation in brain areas linked to pleasure and reward [19]. Moreover,
spending money on others was found to be associated with improved
cardiovascular health [20].

Prior work has also demonstrated volunteering time is beneficial for
mental and physical health. Using longitudinal data from older adults,
Mak et al. [21] found volunteering was associated with lower mental
distress and better health-related quality of life. A recent review of
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studies examining links between volunteering and health in later life,
concluded mechanisms underlying these associations may include
expanded social networks and social support, greater sense of meaning
in life, alleviation of stress, and enhanced biophysiological processes
[22]. A common concern with many of these studies is whether better
health leads to more volunteering behaviour rather than the reverse.
However, a recent outcome-wide longitudinal study found people who
volunteered over 100 versus O hours per year at study baseline subse-
quently experienced higher levels of optimism, lower loneliness, and
lower risk of mortality and physical function limitations among other
outcomes over four years of follow-up [23,24]. In a related study, Burr
et al. [25] found people who reported volunteering and helping others
informally had lower subsequent risk of developing cardiovascular dis-
ease over 10 years of follow-up [see also 26].

Prior studies have also found a consistent link between prosocial
behaviour and risk of mortality [15,25]. For instance, people who do
versus do not volunteer tend to have lower risk of mortality even after
controlling for physical activities and having a hobby [27]. Further-
more, Konrath et al. [28] found when volunteering was driven by other-
oriented versus self-oriented motives an even lower risk of mortality was
evident.

Despite the toll of pain and the burden on the healthcare system, the
association between prosocial behaviour and pain has not received
extensive attention. One exception is a non-randomized study of seven
chronic pain patients who completed a pain management programme
which found chronic pain levels decreased after individuals engaged in
volunteering [29]. In a large scale cross-sectional study of 33,924 US
adults, Qu [30] found that people who did versus did not volunteer
reported lower pain. Yet, no research has examined the longitudinal
association of different types of prosocial behaviour with physical pain
in the general population using a nationally representative sample (but
see [39] for longitudinal studies of pain with other outcomes). The
present study addresses this question using data from a large longitu-
dinal study with 10 years of follow-up and annual assessments of pain.
Specifically, this study explores the association between prosocial
behaviour, represented by donating money to charity and volunteering
time to an organisation, and subsequent experiences of pain. We hy-
pothesized individuals who do versus do not donate money to charity
and volunteer time to an organisation would report less pain interfer-
ence. We also hypothesized that people who donate more money and
who volunteer a greater number of hours would report lower pain
interference. Given donating and volunteering may not necessarily
occur together [31] cumulative effects may occur when people engage
in both behaviours. Thus, to assess this, we also tested whether engaging
in multiple prosocial behaviours would be associated with pain inter-
ference. We further hypothesized that people who engage in both
donating and volunteering would report lower pain interference than
those who engage in neither, donating only, or volunteering only.

These hypotheses are motivated by Self-Determination Theory [32].
This theory of human motivation proposes three psychological experi-
ences that increase people's motivation and well-being: autonomy,
competence, and relatedness. These experiences also play a key role in
prosocial behaviour [see 33 for a comprehensive review]. For instance,
prior research shows people who were randomly allocated to a condition
where they could decide how much money to give another participant
reported greater well-being [34]. By engaging in prosocial behaviour,
people may increase their sense of competence through feeling they are
having a positive impact on others. While prior work has not evaluated
effects of prosocial behaviour on sense of competence per se, studies
show people report greater wellbeing when donating money to a high vs
low impact charity [35]; having higher impact may support feelings of
competence. Finally, prior research shows engaging in prosocial
behaviour tends to increase social connection, which is itself a key
predictor of mental and physical wellbeing [36].

Across all tests of our hypotheses we controlled for time and a range
of potential confounders based on findings from prior literature [9,24].
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1. Method
1.1. Sample

The sample was drawn from 54,569 individuals ages 15-102
participating at baseline in the United Kingdom Household Longitudinal
Survey (UKHLS). UKHLS, administered to participants annually face-to-
face, was designed to be representative of the UK population as re-
spondents represent all regions of the UK, ages, as well as educational
and socioeconomic sectors. The survey obtains information on de-
mographic and socioeconomic characteristics as well as respondents'
health, wellbeing, and lifestyle. Participants received information about
the survey in advance and gave oral consent before starting the inter-
view. The study has been further described elsewhere [37].

While ten waves (2010—2020) of data are available, the current
study used nine waves (2 to 10) because the prosocial behaviour mea-
sures were unavailable in wave 1. For each independent variable, we
included all respondents with appropriate data in the relevant analytic
sample. Final sample-sizes ranged from 48,701-4868 respondents
depending on which analytic sample was used. We excluded re-
spondents with no pain data in any wave and with no covariate data at
baseline (see below for more details).

1.2. Measures

Prosocial behaviour. Prosocial behaviours were self-reported at
Wave 2. Following prior literature, we considered two forms of prosocial
behaviour: donating money to charity and volunteering time to an
organisation. We characterized behaviours in several ways as follows: (i)
Donating money to charity: Respondents were asked (yes/no) ‘In the last
12 months, have you donated any money to charities or other organi-
sations?’. (ii) Amount donated: Respondents who reported donating were
asked to report in British pounds ‘Approximately how much money in
total have you given to charities or other organisations in the last 12
months?” We divided the number reported by 100 to ease interpretation
of the coefficients in the regression models. (iii) Volunteering time to an
organisation: Respondents were asked (yes/no) ‘In the last 12 months,
have you given any unpaid help or worked as a volunteer for any type of
local, national or international organisation or charity?’ (iv) Hours vol-
unteered: Respondents who reported volunteering were asked ‘In the last
4 weeks approximately how many hours have you spent doing unpaid or
voluntary work for any organisation?’ To prevent duplicating findings
from analyses considering associations with volunteering or not, ana-
lyses considering hours volunteered were conducted only among those
who reported any volunteering in the last 4 weeks (i.e., respondents who
reported having volunteered zero hours were excluded) and, following
previous research, created a categorical variable among remaining re-
spondents: 1-49 hours (reference category), 50-99 hours, and >100
hours [see 38].We also constructed a measure of combined prosocial
behaviour with the following categories: (i) Neither (no donating and no
volunteering), (ii) volunteering without donating, (iii) donating without
volunteering, and (iv) both (donating and volunteering).

Pain interference. Pain is a biopsychosocial phenomenon and pain
perception is determined by a complex mix of cognitive, emotional, and
behavioural processes. While no single item can adequately characterize
the experience, careful research has identified psychometrically valid
assessment items and measures. Studies have measured chronic pain
specifically [e.g., querying about pain in the past four weeks lasting >3
months;39] or general bodily pain levels [e.g., how much bodily pain
past 4 weeks;[40] often combined with a measure asking about the
extent to which pain interfered with ability to work [generally queried
in the last four weeks;10]. Due to data availability (only one item was
queried), we use a single-item measure that captures how much pain
interferes with work (including both work outside the home and
housework) using a similar time frame of past 4 weeks. However, other
work has shown that even single items asking about pain interference
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correspond well with other measures of bodily or chronic pain [41].

Pain interference was assessed at each wave (2—10) according to
whether a respondent was experiencing physical pain that interfered
with their ability to work. Specifically, respondents were asked ‘During
the past 4 weeks, how much did pain interfere with your normal work
(including both work outside the home and housework)?’ and response
options ranged from ‘Not at all’ (1) to ‘Extremely’ (5). Prior research has
documented the validity and reliability of numeric pain scales [42,43].
We considered pain interference as a continuous variable in all models.
We excluded 8962 (11.6%) respondents without pain interference data
in any wave. Of note, 12,720 (16.47%) respondents had pain interfer-
ence data in only one wave.

Covariates. Demographics were self-reported at baseline: age
(years), gender (men, women), race (British/Irish/other white, mixed
ethnicity, Indian/Pakistani/ Bangladeshi, Chinese/Other Asians, Black
Caribbean/Africans, other ethnic group), marital status (single, mar-
ried/civil partner, separated/divorced, widowed), employment status
(paid employment(full-time/part-time), self-employed, unemployed,
out of labour force), level of education (less than high-school (leave at
16), A level/some college, university/college degree, other education),
personal income (British pounds, used as a continuous variable), health
status (single item querying long-standing illness presence/absence),
and level of depression (single item: querying feeling unhappy or
depressed, not at all (1) to much more than usual (4)). We excluded
those with missing covariates, which was generally minimal except
education and depression status. Among respondents with donating data
at baseline, covariates with more missing data included education
(9666; 19%) and depression (4867; 10%).

1.3. Statistical analysis

We first examined descriptive statistics and evaluated the distribu-
tion of covariates across levels of donating (yes/no) and volunteering
(yes/no). We also examined the correlation between donating and vol-
unteering. To test our primary hypotheses that higher levels of prosocial
behaviour would be associated with lower pain, we conducted linear
mixed models. We used random intercepts to account for individual
variation in pain. In all models, we used prosocial behaviour at baseline
as the independent variable and repeated measures of pain across the
nine waves as the dependent variable. We further controlled for de-
mographic and other characteristics that may confound the link between
pain and prosocial behaviour.

Four regression models were built sequentially. The first model
contained baseline prosocial behaviour and a linear term for time in 2-
year intervals. The second model adjusted for age, gender, and race. The
third model added other demographics including marital status,
employment status, level of education, and log of personal income. The
final fully adjusted model added covariates regarding presence of a long-
standing illness and level of depression. In all models we examined
whether rate of change in pain over time varied depending on baseline
prosocial behaviour. If no associations with rate of change in pain
interference were evident, we describe findings from models without an
interaction term between the prosocial behaviour and time and thereby
characterize associations of the prosocial behaviour with pain interfer-
ence averaged across all time points. To account for the likelihood that
individuals experiencing higher pain interference might be more likely
to drop out of the study, all models included weights based on the in-
verse probability of not having reported pain interference in follow-up
waves [44].

We conducted several additional sensitivity analyses. First, we
considered if gender moderated associations by testing an interaction
term in all models. Second, we conducted analyses after removing re-
spondents with pain data at only one of the nine waves. Third, because
fully adjusted analyses included only respondents with data on educa-
tion and depression (N = 35,000 approx.), but more minimally adjusted
models included all eligible participants (N = 48,700 approx.), we
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evaluated differences on other covariates between respondents with and
without depression and education data (see Table S.1 in the Supple-
mentary Materials). We also conducted models with imputed education
data (our covariate with the largest number of missing values). These
data were created by conducting polytomous logistic regression models
which generated a value for education based on a rich set of variables
including baseline health status, age, gender, race, marital status,
employment status, income, donated (yes/no), volunteered (yes/no),
and baseline pain interference. Fourth, we conducted models accounting
for clustering by household because our sample contained some in-
dividuals from the same household (ranging between 4,160 and 22,048
households, depending on analytic sample). Fifth, we conducted ana-
lyses considering associations of prosocial behaviours with pain inter-
ference over time, first removing the baseline pain assessment to ensure
the prosocial behaviour occurred prior to the report of pain, and then
using updated prosocial behaviour as reported at each wave together
with random intercepts accounting for individual differences over time
(pain and prosocial behaviour were both assessed at waves 2, 4, 6, 8, and
10; data on prosocial behaviours were available only from even waves).
Finally, we obtained E-values [45] to examine the extent to which our
main relationships that reached statistical significance were subject to
unmeasured confounding at a level that might render these relationships
less meaningful. All analyses were conducted using the R studio statis-
tical software version 2022.07.1-554 and statistical significance was set
at p < 0.05, two-tailed.

2. Results

Characteristics of the sample by donating and volunteering status are
shown in Table 1. Among 35,000 respondents, mean age ranged from 43
to 48 years across prosocial behaviour status and about 45% of the
sample were men. Most respondents were British, Irish or from another
white background. About half were married and in paid employment.
Regarding levels of prosocial behaviours, 68% of people donated money
to charity, 19% volunteered time to an organisation at baseline, and
16% engaged in both of these prosocial behaviours. The correlation
between donating money to charity and volunteering time to an orga-
nisation was modest, r = 0.18 (p < 0.001). In models with all covariates,
there was a modest negative association of time with pain. Respondents
without versus with education data were somewhat older and in poorer
health, while respondents without versus with depression data were
younger and reported higher pain. See Table S.1 for details.

We found evidence that rate of change in pain was associated with
donating activity and amount donated. Overall, respondents who did
versus did not donate money to charity reported a slower rise in pain
over time (Table 2). This association was maintained in the fully
adjusted regression controlling for wave, demographic characteristics,
long-standing illness, and depression (bgonating*wave = —0.004, p = 0.009,
95%CI [—0.007, —0.001]). The negative association between donating
and pain held when averaging effects across all time points (bdonating =
—0.059, p < 0.001, 95%CI [—0.077, —0.041]; Table 5). Moreover, in-
dividuals who donated more versus less money to charity reported lower
pain averaged across all time points (e.g., fully adjusted regression
bamount donated = —0.002, p = 0.022, 95%CI [—0.004, —0.001]; Table 5),
but evidence that this behaviour was associated with change in rate of
pain interference over time was weaker (Table 2). Tables S.2 to S.5 show
coefficients for all covariates.

We did not find evidence that volunteering time was associated with
rate of change in pain interference over time (Table 3). Across all
models, individuals who did versus did not volunteer time reported
lower pain interference averaged across all time points (e.g., fully
adjusted regression byounseering = —0.086, p < 0.001, 95%CI [-0.107,
—0.066]; Table 5). Number of hours volunteered was not associated
with pain interference in any model. For covariate coefficients see
Tables S.6 to S.9.

Associations of engaging in both, one, and neither of these
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Table 1
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Distribution of covariates by donation (N. of individuals = 35,000) or volunteer status (N. of individuals = 35,017) at baseline.

Donating

Volunteering

Yes

No Yes No

(N = 23,819; 68.1%)

(N =11,181; 31.9%) (N = 6672; 19.1%) (N = 28,345; 80.9%)

Age (years) 48.79 (17.58)

Male 9973 (41.86)

Race
British/Irish/Other white (reference category) 20,960 (88)
Mixed ethnicity 328 (1.37)
Indian/Pakistani/ Bangladeshi 1394 (5.85)
Chinese/Other Asians 321 (1.35)
Black Caribbean/Africans 693 (2.91)
Other ethnic group 123 (0.52)

Marital status
Single (reference category)
Married/Civil partner
Separated/ Divorced

6083 (25.54)
13,553 (56.90)
2629 (11.04)

Widowed 1554 (6.52)
Employment status

Paid employment(ft/pt) (reference category) 12,107 (50.83)

Self employed 1804 (7.57)

Unemployed 755 (3.17)

Out of labour force
Level of education
< high-school (leave at 16) (ref category)
A level/some college
University/college degree
Other education
Personal income
Long-standing illness - Yes
Depression (range = 1-4)

9153 (38.43)

6773 (28.44)

4208 (17.67)

7241 (30.40)

5597 (23.49)
20,770.63 (18,941.41)
8490 (35.64)

1.81 (0.8)

42.23 (18.48)
5378 (48.09)

47.59 (18.28)
2742 (41.09)

46.49 (18.09)
12,620 (44.52)
9021 (80.68)

5867 (87.94) 24,126 (85.15)

223 (1.99) 108 (1.62) 443 (1.54)
903 (8.08) 322 (4.83) 1978 (6.96)
256 (2.29) 97 (1.45) 481 (1.69)
660 (5.90) 240 (3.59) 1114 (3.93)
118 (1.06) 38 (0.57) 203 (0.72)
4641 (41.51) 1943 (29.11) 8783 (31)

4717 (42.19)
1308 (11.70)
515 (4.60)

3723 (55.80)
618 (9.27)
388 (5.82)

14,559 (51.36)
3320 (11.71)
1683 (5.93)

4501 (40.26)
633 (5.66)

1295 (11.58)
4752 (42.50)

2895 (43.40)
604 (9.05)
271 (4.06)
2902 (43.49)

13,719 (48.41)
1834 (6.47)
1780 (6.28)
11,012 (38.84)

3775 (33.77)

1848 (16.52)

1780 (15.92)

3778 (33.79)
13,931.35 (12,687.31)
3610 (32.28)

1.91 (0.87)

1631 (24.45)

1394 (20.89)

2611 (39.13)

1036 (15.53)
20,599.27 (20,453.89)
2373 (35.56)

1.79 (0.8)

8923 (31.48)

4663 (16.45)

6415 (22.63)

8344 (29.44)
18,107.76 (16,674.02)
9733 (34.34)
1.85(0.82)

Note: Categorical variables show N(%). Continuous variables (i.e., age, personal income, and depression) show mean (standard deviation). Additional descriptive

statistics can be found in Tables S.18 in the SM.

Table 2

Linear mixed models showing association between donating money to charity and change in pain interference over 10 years. Values are b [95% confidence interval].

Dependent variable: Pain interference

Unadjusted’

Minimally adjusted”

Adjusted for all demographics® Fully adjusted”

Donated - Yes

Wave

Donated — Yes x Wave
Amount donated

Wave

Amount donated x Wave

* [-0.088, —0.048]
¥ [0.012, 0.016]
—0.004** [-0.006, —0.001]
* [-0.009, —0.004]
0.010, 0.013]
—0.001* [-0.001, —0.000]

—0.011*

*[-0.196, —0.157]
*[0.012, 0.016]
—0.003* [-0.006, —0.001]
*[-0.013, —0.008]
0.012*** [0.010, 0.013]
—0.001 [—-0.001, 0.000]

[-0.069, —0.025]
[0.013, 0.018]
—0.004** [-0.007, —0.001]
—0.001 [—0.004, 0.001]
0.013*** [0.011, 0.014]
—0.001 [-0.001, 0.000]

[-0.066, —0.023]
¥ [0.013, 0.018]
—0.004** [-0.007, —0.001]
—0.001 [-0.004, 0.001]
0.013*** [0.011, 0.014]
—0.001 [-0.001, 0.000]

Note: * p < 0.05, ** p < 0.01, *** p < 0.001. Pain interference is a continuous variable (1-5). For models assessing donated N's varied from 48,701- 34,955; for models
assessing amount donated N's varied from 30,697- 22,450. See SM for full models and more details.
Column 1 shows the main independent variable included in each model. Each independent variable was entered separately in each regression model. Donated, Amount

donated, and all covariates are obtained at Wave 2 unless otherwise indicated.
! Includes the main independent variable and wave.
2 Model 1 covariates + age, gender, and race.

3 Model 2 covariates -+ marital status, employment status, level of education, and log of personal income.

4 Model 3 covariates + long-term illness and depression.

behaviours in relation to rate of change in pain interference over time
were evident only when individuals were donating (Table 4), reflecting
the findings reported above. Thus, here we report associations that
reflect average effects of various combinations of these behaviours on
pain across multiple time points rather than effects on changes in pain
over time. Engaging in both prosocial behaviours was associated with
lower pain interference in a graded manner (see Table 5). Across all
models, individuals who engaged in either volunteering or donating, or
both reported lower pain across time than those who were not engaged
in either prosocial behaviour. Associations with engaging in two versus
only one behaviour appear stronger (see Fig. 1). However, only some of
the differences in estimates of associations with pain interference were
statistically significant (y? test): volunteering without donating (b =
—0.107, p < 0.001, 95% CI[—0.152, —0.062]) versus donating without

volunteering (b = —0.055, p < 0.001, 95% CI[—0.075, —0.036]);
donating without volunteering versus volunteering and donating (b =
—0.129, p < 0.001, 95% CI[—0.155, —0.103]). The difference in asso-
ciations for volunteering without donating versus for volunteering and
donating was not statistically significant. Benefits for pain interference
appear similar if individuals engaged in volunteering only or engaged in
both prosocial behaviours. Models showing coefficients for all the
covariates can be found in Tables S.10 and S.11.

We conducted additional sensitivity analyses. First, we found no
evidence gender moderated these associations. Second, after removing
the 12,720 respondents with only one pain measure, results were similar
to our main analysis (Tables S.12). Third, because fully adjusted ana-
lyses included only respondents who also had data on education and
depression (N = 48,700 approx.), but more minimally adjusted models
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Table 3
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Linear mixed models showing association between volunteering time to an organisation and change in pain interference over 10 years. Values are b [95% confidence

interval].

Dependent variable: Pain interference

Unadjusted’

Minimally adjusted”

Adjusted for all demographics®  Fully adjusted”

Volunteered - Yes

Wave

Volunteered — Yes x Wave

Hours volunteered (Ref.: 1 to 49 hours)

—0.136*** [-0.161, —0.112]
0.012*** [0.011, 0.013]
—0.001 [-0.003, 0.003]

50 to 99 h 0.009 [-0.110, 0.127]
Over 100 h 0.183 [-0.006, 0.372]
Wave 0.012*** [0.009, 0.015]

Hours volunteered (Ref: 1-49 hours) X Wave
50 to 99 h x Wave
Over 100 h hrs x Wave

0.002 [-0.014, 0.017]
—0.008 [-0.031, 0.014]

—0.001 [-0.004, 0.002]

0.004 [-0.113, 0.121]
0.193* [0.008, 0.378]
0.012*** [0.009, 0.015]

0.002 [-0.014, 0.017]
—0.009 [-0.032, 0.014]

[-0.175, —0.128]
[0.010, 0.013]

* [-0.103, —0.052]
[0.012, 0.015]
—0.001 [—0.004, 0.002]

[-0.107, —0.059]
*** [0.011, 0.014]
—0.001 [—0.004, 0.002]

—0.062 [-0.188, 0.064]
0.153 [-0.052, 0.358]
0.013*** [0.010, 0.016]

—0.063 [-0.186, 0.059]
0.084 [-0.116, 0.283]
0.013*** [0.010, 0.016]

0.004 [-0.012, 0.021]
—0.009 [-0.035, 0.017]

0.003 [-0.014, 0.020]
—0.013 [-0.039, 0.014]

Note: * p < 0.05, ** p < 0.01, *** p < 0.001. Pain interference is a continuous variable (1-5). For models assessing volunteered N's varied from 48,728- 34,972; for
models assessing hours volunteered N's varied from 6558 to 4868. See SM for full models and more details.

Column 1 shows the main independent variable included in each model. Each independent variable was entered separately in each regression model. Volunteered,
hours volunteered, and all covariates are obtained at Wave 2 unless otherwise indicated.

! Includes the main independent variable and wave.
2 Model 1 covariates + age, gender, and race.

8 Model 2 covariates + marital status, employment status, level of education, and log of personal income.

4 Model 3 covariates + long-term illness and depression.

included all eligible participants (N = 35,000 approx.), we evaluated
differences on other covariates between respondents with and without
depression and education data (see Table S.1 in the Supplementary
Materials). Models with imputed education data yielded the same results
(Tables S.13 and S.14). In models accounting for clustering by house-
hold, results were virtually identical to those described above. In ana-
lyses after removing the assessment of pain at baseline, results remained
unchanged (Table S.15). In analyses using repeated measures of pain
interference and time updated measures of prosocial behaviour, results
were largely unchanged. See Table S.16 for model estimates with each
independent variable. We obtained the following E-values, whereby
higher E-values signify greater magnitude of confounding is needed to
render our associations less meaningful: E-valueponated Yes/No = 1.27
(95%CI = 1.22); E-valueamount Donated = 1.04 (95%CI = 1.01); E-val-
Uevyolunteered Yes/No = 1.35 (95%CI = 1.3). For both donating and vol-
unteering behaviours, in conjunction with adjustment for a broad set of
other covariates, these moderate E-values suggest the effect of unmea-
sured confounding on the link between prosocial behaviour and pain
interference is likely to be modest.

3. Discussion

This study explored links between prosocial behaviours and pain
using nationally representative data from the UKHLS. We evaluated two
behaviours; the modest correlation between them suggests they may be
considered two different forms of prosociality. Moreover, while they
may be characterized by similar features [e.g., helping others; see 33]
whether an individual engages in one does not necessarily mean that
they will engage in the other [31]. Averaged across all time points,
people who did versus did not donate money to charity and volunteer
time to an organisation reported lower pain. These findings are
congruent with Self-Determination Theory [32] which suggests people
gain wellbeing through three psychological factors integrally invoked
when engaging in prosocial behaviour: competence (e.g., having impact
by helping others), autonomy (e.g., choosing the amount of money
donated and the time volunteered), and relatedness (e.g., creating social
connection). Thus, through increasing psychological wellbeing, proso-
cial behaviour may activate pathways that reduce likelihood of experi-
encing pain, as described in more detail below. Our findings that people
who donated more versus less money reported lower pain hint at a
monotonic association. In contrast, we found no evidence that number
of volunteering hours were linked to pain interference. Evidence in this

domain suggests effects may occur once a certain threshold is reached or
perhaps regardless of number of hours spent volunteering. Thus, while
greater psychological wellbeing may be achieved when more (either
material goods or time) is given, direct tests of this possibility are
needed.

We also explored associations of prosocial behaviour with rate of
change in pain interference over time. Donating, but not volunteering,
was linked to a slower rise in pain over time. Of note, in our sample 68%
of people donated money whereas 19% of people volunteered time; if
effects on pain are somewhat modest, then detecting effects may be
more difficult in a smaller sample of people who volunteered. Finally,
we examined different combinations of prosocial behaviour and found
relative to engaging in neither prosocial behaviour, engaging in
donating or volunteering or both, were associated with less pain.
However, engaging in both donating and volunteering did not differ
significantly from engaging in volunteering only, suggesting volun-
teering may be the more potent factor. Social Network Theory, which
suggests social integration is a key predictor of well-being, and also that
volunteering activities increase integration because they involve contact
with other people, may help explain these findings. In contrast,
donating, which can be done without significant interpersonal in-
teractions, may not affect levels of integration [46].

To put our associations in context, we note the estimate of volun-
teering time versus not was —0.083 whereas the estimate for one addi-
tional year of age was 0.006 (see Table S.6). Thus, pain interference
associated with volunteering time was >10 times lower than that
associated with each 1-year increase in age. Our findings are consistent
with previous work showing prosocial behaviour, especially volunteer-
ing, is beneficial for both mental and physical health. When exploring
physical health outcomes, most studies characterized prosociality via
volunteering and helping informally. Our study is novel in two ways.
First, we examine the roles of volunteering and donating separately, and
the combination of these behaviours. Second, we focus on pain, a highly
prevalent and costly health condition [47] vs other physical health
outcomes like cardiovascular disease. Generally, our findings were
robust even after accounting for initial health status and for depression,
and other potential confounders. Taken together these findings suggest
prosociality may provide a novel behavioural strategy for reducing
likelihood of experiencing or developing pain interference over time.
Moreover, these findings suggest that, while different prosocial behav-
iours may vary in potency of effects on pain, effects may be due to un-
derlying elements common across the behaviours, including kindness,



Table 4

Linear mixed models showing association between combined prosocial behaviour and change in pain interference over 10 years. Values are b [95% confidence interval].

Dependent variable: Pain interference

Unadjusted’

Minimally adjusted”

Adjusted for all demographics®

Fully adjusted”

Combination of donating and volunteering (Ref.: Neither)
Volunteering without donating
Donating without volunteering
Volunteering and donating

Wave

Combination of donating and volunteering (Ref.: Neither) x Wave
Volunteering without donating x Wave
Donating without volunteering x Wave
Volunteering and donating x Wave

—0.165*** [-0.219, —0.111]
[-0.081, —0.037]
[-0.205, —0.146]

0.015*** [0.013, 0.017]

—0.005 [-0.011, 0.002]

—0.004** [-0.007, —0.002]

—0.003 [-0.006, 0.001]

—0.101*** [-0.153, —0.049]
**[-0.179, —0.137]
[-0.316, —0.259]

0.015*** [0.012, 0.017]

—0.006 [-0.012, 0.001]

—0.004** [-0.007, —0.001]

—0.003 [—-0.007, 0.000]

*[-0.131, —0.018]

* [-0.064, —0.017]
[-0.144, —0.080]
0.016*** [0.014, 0.019]

—0.006 [-0.013, 0.002]
—0.005** [-0.008, —0.002]
—0.004* [-0.008, —0.000]

—0.086** [-0.140, —0.033]
—0.038** [-0.061, —0.015]
[-0.145, —0.084]
0.016*** [0.014, 0.019]

—0.006 [-0.013, 0.002]
—0.005** [-0.008, —0.002]
—0.004 [-0.008, 0.000]

Note: *p < 0.05, ** p < 0.01, *** p < 0.001. Pain interference is a continuous variable (1-5). For models assessing combination of donating and volunteering N's varied from 48,698-34,953 on missing covariates. See SM

for full models and more details.

Column 1 shows the independent variable included in each model. Combination of donating and volunteering and all covariates are obtained at Wave 2 unless otherwise indicated. The combined variable of prosocial
behaviour has 4 categories in which ‘neither volunteering nor donating’ is the reference category. Estimates associated with the other combinations are compared with engaging in neither prosocial behaviour. Rows show

estimates for each combination possible, and columns show estimates for increasingly adjusted models for that particular combination.

! Includes the main independent variable and wave.
2 Model 1 covariates + age, gender, and race.

8 Model 2 covariates + marital status, employment status, level of education, and log of personal income.

4 Model 3 covariates + long-term illness and depression.

Table 5

Linear mixed models showing associations between donating money to charity, volunteered time to an organisation, and pain interference over 10 years. Models show the average pooled effects of each prosocial behaviour

on pain over time. Values are b [95% confidence interval].

Dependent variable: Pain interference

Unadjusted’

Minimally adjusted”

Adjusted for all demographics®

Fully adjusted’

Donated - Yes

Wave

Amount donated

Wave

Volunteered - Yes

Wave

Hours volunteered (Ref.: 1 to 49 hours)
50 to 99 hs
Over 100 hs

Wave

Combination of donating and volunteering (Ref.: Neither)
Volunteering without donating
Donating without volunteering
Volunteering and donating

Wave

—0.081*** [-0.099, —0.063]
[0.011, 0.013]
[-0.010, —0.006]
***[0.010, 0.013]
—0.137*** [-0.158, —0.116]
0.012*** [0.011, 0.013]

0.015 [-0.085, 0.115]
0.145 [-0.013, 0.304]
0.012*** [0.009, 0.015]

—0.183*** [-0.230, —0.135]
—0.075*** [-0.094, —0.056]
—0.186*** [-0.212, —0.160]
0.012*** [0.011, 0.013]

—0.189*** [-0.206, —0.172]
¥ [0.010, 0.013]
[-0.014, —0.010]
0.011*** [0.010, 0.013]
—0.154*** [-0.175, —0.134]
0.012*** [0.010, 0.013]

0.011 [-0.087, 0.108]
0.153 [-0.001, 0.307]
0.012*** [0.009, 0.015]

—0.123*** [-0.168, —0.078]
—0.173*** [-0.192, —0.155]
—0.299*** [-0.324, —0.274]
0.012*** [0.011, 0.013]

—0.062*** [-0.082, —0.043]
¥ [0.011, 0.014]
[-0.005, —0.001]

¥ [0.010, 0.014]
—0.082*** [-0.104, —0.060]
0.013*** [0.012, 0.014]

—0.044 [-0.149, 0.061]
0.112 [-0.059, 0.283]
0.013*** [0.010, 0.016]

—0.095*** [-0.144, —0.047]
—0.058*** [-0.079, —0.037]
—0.128*** [-0.156, —0.100]
0.013*** [0.012, 0.014]

—0.059*** [-0.077, —0.041]
0.013*** [0.011, 0.014]
—0.002* [-0.004, —0.000]
0.012*** [0.010, 0.014]
—0.086*** [-0.107, —0.066]
0.013*** [0.011, 0.014]

—0.050 [-0.148, 0.049]
0.028 [-0.134, 0.190]
0.013*** [0.010, 0.016]

—0.107*** [-0.152, —0.062]
[-0.075, —0.036]
[-0.155, —0.103]
0.013*** [0.011, 0.014]

Note: * p < 0.05, ** p < 0.01, *** p < 0.001. Pain interference is a continuous variable (1-5). For models assessing donated N's varied from 48,701- 34,955; for models assessing amount donated N's varied from 30,697-
22,450; for models assessing Volunteered N's varied from 48,728- 34,972; for models assessing hours volunteered N's varied from 6558 to 4868; for models assessing combination of donating and volunteering N's varied
from 48,698-34,953 on missing covariates. See SM for full models and more details.
Column 1 shows the main independent variable included in each model. Each independent variable was entered separately in each regression model. All covariates are obtained at Wave 2 unless otherwise indicated.

! Includes the main independent variable and wave.
2 Model 1 covariates + age, gender, and race.

3 Model 2 covariates + marital status, employment status, level of education, and log of personal income.

4 Model 3 covariates + long-term illness and depression.
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Fig. 1. Effect of prosocial behaviours combined on physical pain averaged across 10 years of follow-up. This figure shows the unstandardized coefficients of
combination of donating and volunteering from linear mixed models. Estimates from these models can be found at the bottom of the Fully adjusted column in Table 5.

compassion, or helping toward others, rather than to any specific
behaviour per se.

What mechanisms underlie the observed associations between pro-
social behaviour and pain interference? Prior research shows social
connections and social support protect physical health [48]. For
example, in a study with 6500 older adults, Steptoe et al. [49] found
social isolation and loneliness were linked to greater mortality risk, and
noted effects of being socially isolated were particularly potent. Also,
engaging in volunteering may lead to greater adoption of healthy be-
haviours like physical activity [50]. Links between donating or volun-
teering and mental health may also help explain findings from the
current study. Prior research has found prosocial behaviour promotes
better mental health (Dunn, Aknin, and Norton 2008; Kim et al. 2020)
and that physical pain and mental health are highly interrelated [51].
Benefits that prosocial behaviour confer on mental health may translate
into lower pain interference.

This study has some limitations. First, we cannot fully rule out
concerns about reverse causality whereby individuals experiencing
more pain may not engage in prosocial behaviours, due in part to
reduced mental and physical capacity. However, the longitudinal study
design, the ability to control for baseline health status and depression,
and findings that prosocial behaviours are also associated prospectively
with rate of change in pain interference over time mitigate these con-
cerns. Second, we could not control for respondents' health behaviours
as measures at the right time points were unavailable. Third, although
we used a longitudinal design and controlled for numerous covariates,
unmeasured confounding remains possible. Finally, researchers seeking
to collect their own data should consider using the same time frame
across questions.

Taken together, our findings are consistent with the possibility that
prosocial behaviours causally contribute to reduced experiences of pain
interference over time even after controlling for relevant factors such as
income and employment. This study contributes to the body of work that
explores whether prosocial behaviour is beneficial for people's health
and quality of life more generally, suggesting that prosociality may have
systemic effects related to health, rather than applying to only a single
system or outcome. These findings are relevant to researchers across the
social sciences, physicians, and policymakers and suggest prosocial be-
haviours may provide a novel target for strategies to enhance population
health, given prior work demonstrating these behaviours are modifiable
through systematic interventions [52]. Identifying and understanding
the factors that may help to alleviate pain is key to the design of public

policies that aim to increase citizens' wellbeing and reduce the strain in
the healthcare system.

Data availability

Data and script for analyses are available through Open Science
Framework https://osf.io/wjr34/?view_only=e9efc8b203794998b8cd
b7546¢c1c3a43

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jpsychores.2023.111325.
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