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Introduction: Helping others within and beyond the family has been related
to living a healthy and long life. Compassion is a prosocial personality trait
characterized by concern for another person who is suffering and the motivation
to help. The current study examines whether epigenetic aging is a potential
biological mechanism that explains the link between prosociality and longevity.

Methods: We used data from the Young Finns Study that follows six birth-cohorts
from age 3-18 to 19-49. Trait-like compassion for others was measured with the
Temperament and Character Inventory in the years 1997 and 2001. Epigenetic
age acceleration and telomere length were measured with five DNA methylation
(DNAmM) indicators (DNAmAgeHorvath, IEAA_Hannum, EEAA_Hannum,
DNAmMPhenoAge, and DNAmMTL) based on blood drawn in 2011. We controlled
for sex, socioeconomic status in childhood and adulthood, and body-mass index.

Results and discussion: An association between higher compassion in 1997 and a
less accelerated DNAmMPhenoAge, which builds on previous work on phenotypic
aging, approached statistical significance in a sex-adjusted model (n=1,030;
b=-0.34; p=0.050). Compassion in 1997 predicted less accelerated epigenetic
aging over and above the control variables (n=843; b=—0.47; p=0.016). There was
no relationship between compassion in 2001 (n=1108/910) and any of the other
four studied epigenetic aging indicators. High compassion for others mightindeed
influence whether an individual's biological age is lower than their chronological
age. The conducted robustness checks partially support this conclusion, yet
cannot rule out that there might be a broader prosocial trait behind the findings.
The observed associations are interesting but should be interpreted as weak
requiring replication.

01 frontiersin.org


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyt.2023.1018797%EF%BB%BF&domain=pdf&date_stamp=2023-04-18
https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1018797/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1018797/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1018797/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1018797/full
mailto:henrik.dobewall@thl.fi
https://doi.org/10.3389/fpsyt.2023.1018797
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://doi.org/10.3389/fpsyt.2023.1018797

Dobewall et al.

10.3389/fpsyt.2023.1018797

compassion, temperament and character inventory, DNA methylation, epigenetic aging,
DNAmMPhenoAge, prosocial personality, longevity

1. Introduction

1.1. Compassion as a personality trait and
its association with longevity

There is accumulating evidence that prosocial behavior, such as
helping others, providing social support, and caregiving within and
beyond the family, is associated with better health, wellbeing, and
longevity (1-4). It has been shown that the motive behind prosocial
behavior is important. Only individuals who help for other-oriented,
non-egoistic reasons have a mortality advantage (5). Consequently,
individuals’ relatively stable personality traits have been recognized as
predictors of longevity (6-9). Knowledge about the underlying
biological mechanisms is growing (4, 10-13), although less is known
about whether individual differences in prosociality predict the pace
of epigenetic aging.

The current study focuses on trait-like compassion, which can
be characterized by concern for another person who is suffering and
the motivation to help (14, 15). Compassion for others has developed
from a caring motivation that, over the course of evolution, was
extended beyond the family (14, 16) as it has health benefits and
survival value (16). Garcia et al. (17) describe compassionate
individuals as forgiving, charitable, and benevolent. They try to
be constructive in a relationship and when dealing with interpersonal
conflicts, rather than seeking revenge and reacting in a hostile
manner (17, 18). An individual’s authentic desire to alleviate
undeserved human suffering can lead to prosocial behavior (19, 20)
if accompanied by commitment and the competencies needed in a
given situation (16, 21). Compassion is a subscale belonging to the
broader character trait Cooperativeness in Cloninger’s
biopsychological model of personality, which measures how well an
individual gets along with others (17). Cooperativeness has clear
links to the five-factor model of personality which has, like
compassion, well-studied influences on health and well-being (8, 12,
22, 23). Moreover, more agreeable individuals were found to have
lower mortality risk (6, 7, 9), whereas a more hostile and vulnerable
personality is inversely associated with longevity (7, 24). Epigenetic
aging is a potential biological mechanism that might explain the link
between prosociality and longevity, investigated in this work by the
example of compassion for others.

1.2. Epigenetic aging

The biological age of an individual can be different than the date
on his or her birth certificate (25, 26). The variance in biological age
left unexplained by chronological age is thus a potential mechanism
for the hypothesized effect of compassion on longevity. Biomarkers
of aging have been defined as individual lifespan differences in time
to the onset of disease, decline in functional capacity, and death (27).
One of the first indicators of epigenetic aging was found in telomere
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biology (28). Telomeres are the protective ends of chromosomes that
shorten at each cell division. Telomere length is consequently
strongly associated with chronological age (29). More recently,
epigenetic clocks were developed as biomarkers of aging by building
on the finding that DNA methylation (DNAm) patterns change
across the genome as an individual grows older (30, 31). If the
biological age is higher than the chronological age, this refers to an
accelerated epigenetic age (26, 31, 32). DNAm age acceleration has
been found to have detrimental effects on aging-related health
conditions, cognitive and physical functioning, and cause-specific
and all-cause mortality (25-27, 33, 34). It should however be noted
that telomere biology and methylation-based age acceleration share
only little variance (26), and thus appear to be linked through
independent pathways to aging-related health conditions and
mortality risk (34).

Since DNAm biomarkers capture epigenetic changes that are
probably reversible (25), a better understanding of the causes and
consequences of epigenetic aging might make it possible to prevent
aging-related chronic diseases and thus to prolong the human lifespan
(35, 36). However, relatively little is known about the association
between motivational prosocial personality traits and epigenetic
aging. It is therefore important to examine whether compassion for
others triggers biological mechanisms that lead to longevity.

Although there is no previous research on trait-like compassion
for others and epigenetic aging, we can draw on previous evidence for
practicing compassion, even though self-compassion and other-
compassion are distinct constructs (22, 37). With regard to loving-
kindness training, which cultivates warm and friendly feelings toward
oneself, close others, and more distant persons, it was found that it had
a buffering effect on telomere shortening which was stronger than for
mindfulness training, which is less related to compassion (38).
Meditators, practicing either mindfulness or compassion-related
meditation, were also found to have slower running epigenetic clocks
in old age (35). Further, the effect of meditation including compassion
practices on telomerase activity was found to be partially transmitted
through changes in personality traits (39).

1.3. The current study

The current study examines whether the motivational personality
trait compassion for others predicts DNAm-based epigenetic age
acceleration. Previous studies in the compassion domain relied mostly
on cross-sectional data or relatively short and not very intense
interventions, whereas we assessed compassion as a trait longitudinally
with a personality measure covering developmental changes from the
age of 20 to 39 years (40).

Over the past three decades, several types of biological age
indicators have been proposed, and DNA methylation-based
epigenetic clocks outperform other potential biomarkers of aging in
terms of validity and predictive power (25, 26). We include five
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TABLE 1 Summary statistics of main study variables.

10.3389/fpsyt.2023.1018797

Variable n Mean SD Min Max
Epigenetic age acceleration Horvath 1273 —0.04 4.21 —22.69 19.49
Intrinsic epigenetic age acceleration Hannum 1273 —0.02 4.09 —19.56 18.93
Extrinsic epigenetic age acceleration Hannum 1273 —0.09 5.15 -18.71 17.28
Phenotypic epigenetic age acceleration 1273 —0.04 5.33 —17.47 20.11
DNAm indicator of telomere length 1273 0.01 0.18 —0.62 0.60
Compassion 1997 1,030 0.04 0.97 —3.26 2.16
Compassion 2001 1,108 0.03 0.97 —4.10 2.02
Gender (male) 1273 0.42 0.49 0.00 1.00
Socioeconomic status adulthood 1130 —0.01 0.97 —2.55 1.91
Socioeconomic status childhood 1197 0.03 1.01 —-1.51 2.28
Body-mass index 1218 0.01 1.00 -1.95 6.11

indicators of biological aging (DNAmAgeHorvath, [EAA_Hannum,
EEAA_Hannum, DNAmPhenoAge, and DNAmTL) to reflect the
different aspects of the human aging process (26, 27, 31, 33, 41). They
were assessed in a large and representative sample, whereas previous
studies on practicing compassion (not compassion as a trait) included
only a single measure of epigenetic age acceleration and had the
limitation of small sample sizes (e.g., Ref. (35)). We also attempted to
investigate whether the association found between practicing
compassion and telomere length holds for compassion as a trait
(38, 39).

The multi-generational, genetically informed nature of our data
supports testing whether compassion predicts a less accelerated
epigenetic age over and above childhood, and adulthood risk factors,
such as socioeconomic status and body-mass index.

2. Methods
2.1. Participants

The Young Finns Study (YFS) is an ongoing prospective
multidisciplinary study that follows six birth cohorts from childhood
through adulthood (42). Participants living in an area with a university
hospital were selected from the Finnish population registry. The
original sample consisted of 3,596 individuals. The participants were
3, 6,9, 12, 15, and 18years old at baseline (1980, TO) and they
answered the compassion scale in 1997 (T1, youngest participant
20years old) and 2001 (T2, oldest participant 39years old). Blood
samples were drawn from the participants in the year 2011 (ages
19-49years).

The YFS was approved by all participating universities’ ethics
committees at the beginning of the study in 1980, and the follow-ups
were approved by the ethics committee of the University of Turku
[vernacular institution name: Varsinais-Suomen sairaanhoitopiirin
kuntayhtymi, Eettinen toimikunta, Meeting Number 9/2010; study
name, “Lasten sepelvaltimotaudin riskitekijat projekti (Laseri)
30-vuotis seurantatutkimus, 25.8.2010]. The YFS was conducted
according to the guidelines of the Helsinki declaration. Written
informed consent to participate in the YFS was obtained. Summary
statistics for all the main study variables can be found in Table 1.
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2.2. Compassion measure

Trait-like compassion for others was measured with the
Temperament and Character Inventory (TCI), developed and
validated by Cloninger and colleagues (18, 43). The compassion
(versus revengefulness) scale has 10 items (e.g., “I like to imagine my
enemies suffering” [reverse scored]; “It gives me pleasure to help
others, even if they have treated me badly” [positively scored]; “It
gives me pleasure to see my enemies suffer” [reverse scored]; and “I
hate to see anyone suffer” [positively scored]). Compassion for
others belongs to the broader cooperativeness scale consisting of 42
items in total, the other subscales being helpfulness (versus
unhelpfulness), empathy (versus social disinterest), social acceptance
(versus social intolerance), and pure-hearted conscience (versus self-
serving advantage) (17). We used the revised TCI answered on a
Likert-scale with five response options (44). We rescored the reverse-
scored items before the mean for each measurement occasion was
calculated. We excluded participants if they had responded to less
than 50% of the compassion items. The compassion scale has a high
internal consistency (Cronbach’s «T1-T2>0.86) and is relatively
stable over time (rT1->T2=0.71; p<0.001). It has a good model fit
when accounting for the common variance between the reverse-
scored items (10, 23). Due to the age-dependency of compassion
(40), we standardized the mean scores within the six birth cohorts.

2.3. Epigenetic clocks

DNA methylation (DNAm) age was calculated successfully for
1,529 participants based on whole blood data measured by utilizing
the Illumina Infinjum platform from 2011 EPIC/850K array. The
sample size of the main analyses is smaller (1n=_843-1,108) because not
all participants filled in the psychological questionnaires. We report
results for five DNAm age indicators that were estimated with an
online calculator'. The underlying method and R function are
described in Horvath (31). The produced indicators were normalized,

1 http://dnamage.genetics.ucla.edu/home
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as this improves the predictive accuracy and makes the data more
comparable to the training data (32). The average correlation between
the samples and the gold standard was good (r~0.97). In 60.6% of the
samples the predicted tissue was correct and sex was always correctly
predicted. This information indicates a high precision of the DNAm
age predictions.

These DNAm based biomarkers can be broadly categorized into
(cell-)intrinsic and extrinsic measures of epigenetic aging (25, 26, 33).

2.3.1. Intrinsic DNAmM age measures

We included two intrinsic DNAm age indicators. Intrinsic
indicators are largely unperturbed by and independent of cell-type
composition accompanied by aging ((25); for some contrary
evidence see (45)), and are thought to represent an epigenetic
maintenance system (26, 31). The DNAmAge indicator of Horvath
(31) is estimated based on 353 CpGs and can predict age across
multiple tissues and cell types. The indicator has high accuracy
already in childhood and adolescence (46). The difference between
DNAmAgeHorvath and chronological age was associated with a
higher all-cause mortality risk assessed 5years later, even after
accounting for sociodemographic background, childhood IQ, and
other risk factors (47). The validity of DNAmAgeHorvath was
further demonstrated by associations with physical and cognitive
fitness (48) and cancer and cardiovascular mortality (49). Another
epigenetic clock has been developed by Hannum et al. (30). This
blood-based indicator of aging-related methylation levels uses 71
CpGs. Based on Hannum’s clock the intrinsic epigenetic age
acceleration (IEAA_Hannum) indicator has been developed, which
is by design not confounded by differences in blood cell counts (33).
IEAA_Hannum has also shown many robust associations with
diverse aging-related conditions (25, 33). As intrinsic DNAm age
measures have been around for longer than their extrinsic
complements, they are probably the most researched epigenetic
clocks in the literature.

2.3.2. Extrinsic DNAmM age measures

We also included two extrinsic DNAm indicators of epigenetic
aging. Extrinsic DNAm age indicators are more dependent on aging-
related changes in blood cell counts and appear to be associated with
immune senescence (27, 33, 50).

The extrinsic epigenetic age acceleration (EEAA_Hannum) is the
second enhanced indicator based on Hannum’s clock (33). EEAA_
Hannum is a strong predictor of time to death across ethnic groups
(33), assessing the aging-related functional decline of the immune
system. A recently identified epigenetic biomarker is the phenotypic
age estimator (DNAmPhenoAge), which was proposed by Levine et al.
(27) building on previous work on phenotypic aging. It taps into
physiological dysregulation in aging individuals and has been
developed by predicting a composite indicator of nine morbidity-and
mortality-risk factors (e.g., albumin levels and white blood cell count)
and chronological age, and was estimated based on 513 CpGs.
DNAmPhenoAge was classified by Horvath and Raj (25) as belonging
to the group of extrinsic DNAm age indicators. DNAmPhenoAge has
been found in recent reviews and meta-analyses to predict future
aging-related diseases and mortality better than the above epigenetic
clocks (25, 27).

There is some evidence that extrinsic measures are under
weaker genetic control and are thus more influenced by the
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environment than intrinsic measures (47, 51). Finally, extrinsic
measures of epigenetic aging were found to be more strongly
associated, compared to intrinsic measures, with demographic
variables and external factors that are under behavioral
control (25).

For all four epigenetic age acceleration indicators, the residuals
were used that resulted from regressing the calculated DNAm age on
chronological age.

2.3.3. DNAmM age measure of telomere length

We included a DNA methylation-based indicator of telomere
length (DNAmTL) estimated with 140 CpGs (41). DNAmTL correlates
with measured leukocyte telomere length (r ~ —0.35) and outperforms
the latter in predicting time to death and coronary heart disease or
heart failure (41). It is thought to provide additional insights into
mechanisms linking exposure to environmental factors, cell
replication, and aging-related health conditions and mortality risk.
We used the age-adjusted version of DNAmTL.

2.4. Control variables

Following previous studies, we included standard control
variables (see Ref. (52)). We adjusted for sex, socioeconomic status
in childhood (SESC in 1980) and adulthood (SESA in 2007) (i.e.,
composite scores of high educational level, upper white-collar
occupation, currently having a job, and highest income quartile) (53),
and body-mass index (BMI) (54). The control variables were
standardized within the six birth cohorts before filling the missing
values with measurements of the same variables from a later YFS
wave (SESC in 1983, SESA 2012, BMI 2012) in order to increase the
sample size in the adjusted analyses.

2.5. Analytical strategy

All analyses were run with Stata version 15.1.

First, we tested the degree to which selective attrition might have
affected our results by means of chi-square tests and independent
samples t-test. Included participants donated blood samples and
responded to the compassion scale at least once.

Then, we computed the correlations between the main
study variables.

The main analyses of the effect of compassion on DNAm age
acceleration and DNAmTL were conducted with multivariate
multiple regression. The analyses were conducted separately for
compassion for others in 1997 and 2001. In the first step,
we controlled the association only for sex (N1997/2001=1,030 /
1,108). In the second step, we included childhood and adulthood
SES as well as BMI (N1997/2001 =843 / 910). For each methylation-
based indicator of biological aging, we ran separate linear
regression analyses.

To assess the robustness of our findings, we further tested whether
broader prosocial tendencies in cooperativeness or one of the other
subscales are driving them, whether they are dependent on the
balanced wording of the compassion scale, whether they hold when
controlling baseline levels of the outcome, and whether they are robust
to variation in sample size.
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3. Results
3.1. Preliminary analyses

Attrition analysis indicated that excluded participants had lower
DNAmTL (mean=—0.03 vs. 0.01; p=0.004) and were more likely to
be male (53% vs. 42%, p <0.001) than included participants who were
required to respond to the TCI at least once and donated a blood
sample. Other study variables were not affected by selective attrition.

The epigenetic clocks were moderately to strongly correlated with
one another but not with compassion in the unadjusted analyses
(Table 2). Men had higher methylation-based biological age measured
with DNAmAgeHorvath, IEAA_Hannum, and EEAA_Hannum than
women. Their DNAmPhenoAge acceleration, however, was lower and
they had shorter DNAmMTL. Of the five indicators, only younger
DNAmPhenoAge was associated with higher socioeconomic status
both in childhood and adulthood, whereas all five DNAm age
indicators were associated with the body-mass index.

3.2. Main analyses

The main results are presented in Table 3. The prediction of a less
accelerated DNAmPhenoAge by higher compassion for others in 1997
approached statistical significance when controlling for sex alone
(p=0.050; Model 1; n=1,030). Compassion in 1997 predicted
epigenetic age acceleration even more strongly when further
accounting for SESC, SESA, and BMI (b=—0.47; p=0.016; Model 2,
n=843).

There were no associations between compassion in 1997 and the
other four DNAm age indicators. Compassion in 2001 did not predict
epigenetic aging (p>0.09; n=1,108 / 910).

TABLE 2 Pearson correlations between the main study variables.

10.3389/fpsyt.2023.1018797

Compassion and sex alone accounted for 0.9-2.9% of the variance
in the part of epigenetic age left unexplained by chronological age. All
the included predictors together explained 2.6-4.9% of the variance
in the five DNAm age indicators.

3.3. Robustness checks

We found mixed empirical support for the interpretation that
higher compassion predicts whether individuals have slower-running
epigenetic clocks. We therefore conducted a series of robustness checks.

First, the reviewed literature makes it plausible that broader
prosocial tendencies contribute at least partially to the observed
findings. To test this possibility, we repeated the analyses for the full
cooperativeness scale of the TCI. In 1997, this broader character trait
capturing an individual’s prosociality predicted DNAmPhenoAge even
more strongly than compassion (sex-adjusted, b=—0.48; p=0.034 and
fully-adjusted, b=—0.64; p=0.012; Supplementary Table S1).

Second, we showed that it was compassion and not one of the
other subscales that drove the reported findings. Associations for the
other subscales were non-significant except for pure-hearted
conscience in the sex-adjusted model, b=-0.38; p=0.030, and
empathy in the fully-adjusted model, b=-0.41; p=0.044
(Supplementary Table S2).

Third, due to the balanced wording of our measure of compassion
(versus revengefulness), it is possible that it reflects other concepts
such as anger and hostility. We thus repeated the main analyses after
excluding all negatively worded items belonging to the revengefulness
pole (Supplementary Table S3). The balanced wording of the
compassion scale did not affect the interpretation of the results
considerably. A scale using only the positively worded items of the
compassion pole showed the same pattern of association with

1 2 3 4 5 6 V 8 9 10 11

1) Epigenetic age

acceleration Horvath 1
2) Intrinsic epigenetic age

acceleration Hannum 0.97 1
3) Extrinsic epigenetic age

acceleration Hannum 0.31 0.28 1
4) Phenotypic epigenetic age

acceleration 0.32 0.32 0.47 1
5) DNAm indicator of

telomere length —0.14 —0.06 —0.36 —0.32 1
6) Compassion 1997 —0.05 —0.05 —0.03 —0.05 0.01 1
7) Compassion 2001 —0.02 —0.02 0.02 0.01 0.01 0.68 1
8) Sex (male) 0.17 0.13 0.19 —0.07 —0.20 —0.14 —0.14 1
9) Socioeconomic status

adulthood —0.01 —0.01 —0.04 —-0.10 0.05 0.08 0.08 0.04 1
10) Socioeconomic status

childhood —0.01 —0.01 —0.03 —0.06 0.05 0.03 0.04 0.00 0.27 1
11) Body-mass index 0.09 0.10 0.09 0.12 —0.06 —0.08 —0.03 0.14 —0.07 —0.09 1
Associations marked in bold are statistically significant at p <0.05 level.
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TABLE 3 Linear regressions of compassion in (a) 1997 and (b) 2001 Predicting five DNAm epigenetic aging indicators in 2011.

(a) Compassion in 1997 Model 1 Model 2
Beta p value R? p value

Epigenetic age acceleration Horvath 3% 1,030 4% 843

Compassion ‘ —0.13 ‘ 0.336 —0.10 0.529

Intrinsic epigenetic age acceleration Hannum 2% 3%

Compassion —0.16 ‘ 0.229 —0.14 0.352

Extrinsic epigenetic age acceleration Hannum 2% 3%

Compassion —0.04 0.810 —0.05 0.787

Phenotypic epigenetic age acceleration 2% 4%

Compassion ‘ —0.34 ‘ 0.050 —0.47 0.016

DNA methylation-based indicator of telomere length 2% 3%

Compassion 0.00 0.784 0.00 0.851

(b) Compassion in 2001

Epigenetic age acceleration Horvath 2% 1,108 4% 910
Compassion ‘ —0.01 ‘ 0.939 0.02 0.882

Intrinsic epigenetic age acceleration Hannum 1% 3%

Compassion 0.00 ‘ 0.996 0.03 0.830

Extrinsic epigenetic age acceleration Hannum 3% 4%

Compassion ‘ 0.27 ‘ 0.095 0.24 0.180

Phenotypic epigenetic age acceleration 1% 5%

Compassion ‘ —0.03 ‘ 0.850 —0.06 0.755

DNA methylation-based indicator of telomere length 3% 4%

Compassion 0.00 0.699 0.00 0.880

Model 1 controls for sex and Model 2 includes controls for childhood socioeconomic status 1980, adulthood socioeconomic status 2007, and body-mass index 2007.

DNAmPhenoAge as in the main analysis (sex-adjusted, b=—0.29;
p=0.092; fully adjusted, b=—-0.44; p=0.023).

Forth, to make it less likely that epigenetic age predicts compassion
than vice versa and to make the presence of spurious effects less likely,
we controlled for baseline levels in the outcome measured 25 years
earlier in a smaller subsample (1n=66-81). We were able to confirm
that DNAmPhenoAge was predicted by compassion in 1997 when
accounting for epigenetic age in 1986 and sex (b=—1.50; p=0.007),
but when including all control variables, the effect only approached
statistical significance (p=0.052; Supplementary Table 54).

Fifth, we conducted a full case analysis to determine whether the
reduction of sample size accounted for some of the findings. Now, the
sex-adjusted marginally significant effect of compassion in 1997 on
DNAmPhenoAge became statistically significant (b=—0.54; p=0.006,
n==843). When imputing the missing values for all predictors with
chained equations (MICE), however, the fully-adjusted effect became
non-significant (p>0.11; n=1,030).

4. Discussion

The main finding of the current study was that the prediction of
higher trait-like compassion of epigenetic age acceleration assessed
with DNAmPhenoAge approached statistical significance in a gender-
adjusted model. The phenotypic age estimator is a DNA methylation-
based indicator that builds on extensive previous work on phenotypic
aging. The prediction became stronger when controlling for
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socioeconomic status in childhood as well as adulthood, and BMI. To
our best knowledge, this is however the first time that a potential
biological aging mechanism has been found that links trait-like
compassion for others to longevity. One explanation behind our
finding is that practicing compassion helps to adapt to stress (55, 56)
by directly improving emotion regulation skills and behavioral
responses (56, 57). The better innate immune responses to stress of
individuals high in compassion (56) might further be explained by the
association between DNAm age acceleration and immune senescence
(27, 50). An alternative explanation is that the emotion-regulation and
calming aspects of trait-like compassion are some of the psychological
mechanisms explaining how meditation training affects epigenetic
aging (58). Compassion for others, for instance, reduces stress by
increasing the ability to receive social support (59), and protects
against vital exhaustion (a marker of susceptibility to stress), negative
emotionality (a marker of chronic stress responses) (60), and elevated
levels of cytokines (a marker of immune response) (12). Our main
finding is also in line with the association observed between
meditation training and telomere biology (38, 39). In summary, the
current study examined the relationship between the motivational
personality trait compassion and epigenetic aging, and found some
first important and interesting evidence that the concern for another
person who is suffering and the motivation to help might indeed lead
to longevity.

We established the association with compassion when first
measured, but were unable to replicate it with our later compassion
measurement. Thus, results were dependent on the age of the
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participants (20-35years vs. 24-39years) when compassion was
assessed. The role of compassion for others in epigenetic aging must
thus be interpreted tentatively. It is well documented that trait-like
compassion increases with age (40). One potential explanation for this
is that there might not have been enough variance in compassion left
in the second measurement to find statistically significant differences.
Our study results require replication in an independent sample before
more certain conclusions can be drawn.

We also tested whether the observed associations are specific
for compassion or whether they apply to broader motivational,
prosocial personality traits. A less accelerated epigenetic age was
also predicted by Cloninger’s broader character trait
cooperativeness, that captures an individual’s prosociality (17, 18).
The association became even stronger. Thus, these further analyses
showed that we cannot rule out that a broader prosociality trait
accounted for at least part of the observed relationship between
compassion and epigenetic aging.

We showed that the association was driven by the items capturing
compassion and not revengefulness. The balanced wording of our
measure of compassion did not account for the observed findings,
given that personality concepts such as anger and hostility were
previously found to be inversely associated with longevity (7, 24).

Our study also contributes to the accumulating evidence that
prosocial behavior, such as helping others, providing social support,
and caregiving within and beyond the family, is associated with better
health, well-being, and longevity (1-4). It emphasizes that the motive
behind prosocial behavior is important (5-7, 9).

Compassion as a personality trait did not have an effect on
DNAmAgeHorvath, [IEAA_Hannum, or EEAA_Hannum. Our null
finding for most included DNAm-based indicators has implications
for the development of anti-aging interventions. Both intrinsic and
extrinsic epigenetic age acceleration estimators have previously been
found to be associated with practicing compassion (35) and diverse
lifestyle factors (61). On the basis of the review of previous literature
(25, 51), it was expected that trait-like compassion would be more
strongly related to (cell-) extrinsic DNAm indicators of epigenetic
aging that appear more malleable, such as DNAmPhenoAge, than
intrinsic indicators. There is some evidence that extrinsic measures are
under weaker genetic control (47, 51) and show associations with
(25).
DNAmPhenoAge is also special in the sense that it has been created

external factors that are under behavioral control
to model biological age by building on a set of phenotypic
morbidity-and mortality-risk factors (27). DNAmPhenoAge therefore
captures the social gradient in health better than the other indicators,
as shown by the associations with both childhood and adulthood
socioeconomic status and BMI (e.g., (62)). This might in part explain
why compassion was especially predictive when including the full set
of social and health control variables. The other DNAm age indicators,
by contrast, have been created with the aim of modeling chronological
age, while assuming that the variation from chronological age
represents biological age (i.e., DNAm age acceleration) (26, 31, 32).
Because in the case of DNAmPhenoAge biological age is generated
first and then methylation is used to model it, the logic behind this
indicator is more robust and requires fewer assumptions than the
other DNAm age indicators.

Previous research on practicing compassion reported inverse
associations with telomere shortening (38, 39). To our best knowledge,
this study pioneers the use of a DNA methylation-based indicator to

assess telomere length and compassion as a trait. We did not find an
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effect of compassion on DNAmTL in the YFS data. Although
DNAmTL outperforms leukocyte telomere length in predicting aging-
related health conditions and mortality risk, the two are only
moderately correlated (41). The fact that practicing compassion is
obviously not the same thing as trait-like compassion might further
explain the difference compared to previous studies.

There is a growing consensus that a p value close to 0.05 is too
liberal for new discoveries to declare an association significant (63).
At the same time, there is disagreement on the level of adjustment
that is required when different tests of the same hypothesis are
conducted or when highly correlated indicators are compared (64).
When applying the most conservative Bonferroni correction for five
comparisons, the null hypothesis of each DNA methylation-based
epigenetic aging indicator would only be rejected if it has a value
of p<0.01. The observed effect of compassion on DNAmPhenoAge
should be interpreted as weak and would not survive testing for
multiple correction. Further, not all of the analyses of the different
aspects of the human aging process yield a significant result. The
findings were also to some degree modified by variation in sample
size due to non-response. Given that the single finding for one of
the outcomes holds up depending on which control variables are
regressed out and otherwise becomes marginally significant, the
overall picture could also be interpreted as a null finding. The fact
that changes in DNAm biomarkers are generally reversible (25)
nonetheless indicates some practical significance of our findings.

In a smaller subsample the effect of compassion on
DNAmPhenoAge was still visible when adjusting for epigenetic age
assessed more than a decade earlier. This allows us to rule out to some
degree the interpretation that epigenetic age predicts compassion, and
makes the presence of spurious effects less likely.

4.1. Limitations and strengths

The unequal timing of the compassion measurements and the
assessments of DNAm age in the study design of the YFS, and the
difference in sample size, made it impractical to estimate whether
the change in compassion over time has an effect on (change in)
epigenetic aging. Another limitation is that compassion was
measured only with a self-report methodology, even though with
a validated and well-known personality instrument, the TCI (18,
43). The used compassion scale was not validated against other
measures of compassion. However, there does not exist a golden
standard for assessing dispositional compassion nor a measure
exclusively developed for its assessment corresponding to our
definition of compassion (14-16). Despite having a relatively
stable disposition, compassion has an episodical emotional
component (14), and people are not always committed enough to
act compassionately (21). The current paper only measured
compassion as a motivational personality trait, and thus the
results for epigenetic aging might not be generalizable to the
emotion of compassion and  compassion-induced
prosocial behavior.

Even though the analyses were based on a relatively large and
representative sample, this does not permit to rule out the possibility
of committing a Type II error, which is not finding a relationship that
actually exist. More studies are needed to add more evidence on the
potential link between prosocial behavior and the pace of
epigenetic aging.

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1018797
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Dobewall et al.

We presented data for compassion measurements spanning
4years of aging and for a subsample with 25 years difference in DNAm
age measurements. This allowed us to draw some causal inferences of
the relationship between trait-like compassion and epigenetic aging
and to shed new light on biological mechanisms that may lead to
longevity. Five DNAm age indicators (DNAmAgeHorvath, IEAA_
Hannum, EEAA_Hannum, DNAmPhenoAge, and DNAmTL) were
used that had demonstrated high validity and predictive power in
previous work (25, 26). We were further able to control for a wide
range of potential confounders,
adulthood factors.

including childhood and

4.2. Conclusion

The motivational personality trait compassion for others predicted
a less accelerated epigenetic age as assessed with DNAmPhenoAge
when controlling for sex, socioeconomic status, BMI, and baseline
epigenetic age. The current study is the first to demonstrate a biological
aging pathway for how compassion for others might lead to longevity.
It remains possible that a broader prosocial personality, in part, drives
this association, as cooperativeness also predicted DNAmPhenoAge.
The results of the role of compassion for others in epigenetic aging
must however be interpreted with caution. The prediction was only
marginally statistically significant in the sex-adjusted model. The
second measurement of compassion for others was not related to a
younger epigenetic age and none of the other four biomarkers of aging
were predicted by compassion. The support of our data for an
association of trait-like compassion with DNA methylation-based
epigenetic aging was overall weak and thus requires replication. The
presented findings are nonetheless interesting, and suggest that
DNAmPhenoAge is more likely to be malleable by behavioral choices
such as prosocial behavior than other tested DNA methylation-
based indicators.
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