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Abstract 

Objective: Prosocial behavior can improve psychological well-being and physical 

health. However, the underlying biological mechanisms that mediate the relationship 

between prosociality and health remain unclear. In this pre-registered experiment, we 

tested whether a 4-week kindness intervention could slow leukocyte telomere 

shortening and increase well-being.  

Methods: Community adults (N = 230) were randomly assigned to complete 1 of 3 

activities, each week for 4 weeks: to perform 3 kind acts for other people, to perform 3 

kind acts for themselves, or to list daily activities. At baseline and post-intervention, 

participants came to the lab to provide a small dried blood spot (DBS) sample via finger 

prick for analysis of telomere length. Participants completed psychological measures 

(e.g., loneliness, life satisfaction) at baseline, post-intervention, and at the 2-week follow 

up. 

Results: Participants who performed kind acts for others did not demonstrate 

hypothesized changes in well-being, nor in telomere length, relative to controls. 

Exploratory analyses revealed that, relative to controls, participants who did kind acts 

for others showed reductions in loneliness through the 2-week follow up.  

Conclusions: The salubrious effects of prosocial behavior in the short term are not 

likely due to the inhibition of cellular aging (at least as indexed by telomere length). 

However, extending kindness to others holds promise as a future research direction for 

interventions to alleviate loneliness.  

 

Keywords: well-being, telomeres, loneliness, prosocial behavior 
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Kindness is thought to be vital to human survival and well-being. Empirical 

research indicates that helping or sharing to benefit another person (i.e., prosocial 

behavior) confers benefits not just for the target (or receiver) of kindness, but also for 

the actor (or doer). Kindness intervention research has focused primarily on increasing 

well-being outcomes. Yet, doing acts of kindness may also ameliorate loneliness and 

stress. Volunteering, a form of prosocial behavior, has been linked with reductions in 

loneliness (Carr et al., 2018). Doing kind acts for others may thereby promote feelings 

of closeness that lead one to feel less isolated and lonely. Additionally, providing social 

support is positively associated with receiving social support (Bowling et al., 2005). 

Thus, providing help to others may garner help from others, potentially reducing stress 

(as tasks are completed more easily) and alleviating loneliness (as individuals realize 

they are cared for and valued).  

1.1 Prosocial Behavior and Health 

Prosocial behavior may also benefit physical health (Brown & Brown, 2015; 

Eisenberger & Cole, 2012). In a meta-analysis of five longitudinal cohort studies, 

Jenkinson and colleagues (2013) found that volunteers experienced a 22% reduced 

mortality risk compared to non-volunteer counterparts. Experimental work directly 

testing the effects of induced prosocial behavior on biological health has been limited, 

but the existing work is promising. For example, participants randomly assigned to 

perform prosocial acts for others over a 4-week period showed significant reductions in 

proinflammatory gene expression profiles (Nelson-Coffey et al., 2017). Other 

experimental work suggests that enhanced prosocial behavior (e.g., generativity writing, 

volunteering) leads to reductions in circulating inflammatory markers and in pro-
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inflammatory gene expression (Moeini et al., 2020; Schreier et al., 2013). Further, a 

number of studies have found indirect effects of prosocial behavior on health-related 

biomarkers, via increases in support-giving (Moeini et al., 2018) or eudaimonic well-

being (Seeman et al., 2020). Taken together, these findings offer preliminary evidence 

that helping behavior may positively impact human health by modulating health-relevant 

physiological processes (Brown & Brown, 2015; Eisenberger & Cole, 2012). 

1.2 Cellular Aging 

One promising area for further research is investigating the relationship between 

prosocial behavior and the length of telomeres. Telomeres are DNA-protein structures 

that serve as protective end caps for eukaryotic chromosomes; they function to maintain 

chromosomal stability across cell replications (Blackburn, 2000; Blackburn et al., 2015). 

Telomeres progressively shorten with each somatic cell replication; thus, over an 

individual’s lifespan, telomere length normatively shortens (Blackburn et al., 2015). Past 

work suggests that telomere lengthening is not only possible, but that the overall 

shortening process may be nonlinear; in other words, telomeres likely shorten over time 

in an oscillatory manner (Epel, 2012). It is not clear whether these short-term changes 

are due to natural homeostatic mechanisms or representative of a meaningful response 

to real changes in health or environment.  

Telomeres are responsive to threats and/or damage to the genome, and may 

serve as “first responders” to protect DNA (Blackburn et al., 2015). Importantly, 

telomere length is associated with diseases of aging (Codd et al., 2013), and telomere 

shortening may serve as both a catalyst and a consequence of disease (Blackburn et 

al., 2015). Leukocyte telomere length (LTL) is a measure of immune cell senescence, a 
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process that may influence the progression of inflammation-related disease such as 

cardiovascular disease (Blackburn et al., 2015).  

1.3 Telomere Interventions  

Some trials have tested whether psychological and/or behavioral interventions 

may positively influence telomere length. Meditative, lifestyle, and psychosocial 

interventions have produced reductions in the rate of LTL shortening or increases in 

activity of telomerase, an enzyme that counteracts telomere shortening (Biegler et al., 

2012; Conklin et al., 2018; Jacobs et al., 2011; Ornish et al., 2013; Schutte & Malouff, 

2014). However, results from larger trials have been mixed. One trial found no effects of 

various types of contemplative training on telomere length over a 3-month period 

(Puhlmann et al., 2019). In contrast, a randomized trial found that loving-kindness 

meditation was associated with telomere maintenance, compared to mindfulness 

training and a control condition, over a roughly 2-month period (Le Nguyen et al., 2019). 

Although these results are promising, existing studies are subject to several 

methodological limitations, such as small sample sizes (e.g., ns of 30-40 per 

experimental condition), widely differing covariates between studies, quasi-experimental 

designs, self-selected participants, and multicomponent interventions. Also, given that 

many of these interventions require trained interventionists (e.g., meditation or lifestyle 

coaches), it may be challenging to scale them for widespread use. 

Taken together, the above findings suggest that behavioral interventions may 

influence cellular aging. Given the limitations of existing research, well-powered, pre-

registered randomized controlled trials are needed to verify such findings in a broader 

population. Finally, interventions to impact telomere length that are low-cost, accessible, 
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self-administered, relatively brief, and nonstigmatizing would arm lay people with the 

tools necessary to improve their own psychological and biological health. 

1.4 Present Study 

Theoretical work has called for more “shortitudinal” investigations—namely, 

studies that employ repeated assessments across relatively short time lags—to 

estimate the optimal timing for assessment of a wide array of outcomes (Dormann & 

Griffin, 2015). In the present study, we sought to explore whether a shortitudinal 

prosocial behavior intervention could positively impact human telomere length and well-

being. We employed an experimental paradigm that involves performing acts of 

kindness for others, which has been shown previously to improve psychological 

flourishing (Nelson et al., 2016) and to elicit favorable changes in gene expression (i.e., 

a downregulation in the conserved transcriptional response to adversity; Nelson-Coffey 

et al., 2017), relative to a neutral control condition (i.e., tracking daily activities). Pre-

registration for this study is available on the Open Science Framework at 

https://osf.io/93ck7/. 

1.4.1 Psychological Hypotheses 

We predicted that, relative to participants who performed a neutral task, those 

who performed kind acts for others would improve in psychological well-being (e.g., 

greater life satisfaction, more psychological flourishing, and less loneliness) across the 

intervention period, relative to controls. We also predicted that participants who 

performed kind acts for others would report increases in weekly measures of social 

connection and positive affect, and decreases in weekly measures of negative affect 

and perceived stress.  
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1.4.2 Biological Hypotheses 

We also hypothesized that individuals who performed kind acts for others would 

demonstrate significant reductions in the rates of telomere shortening relative to 

controls. Furthermore, we predicted that the effect of performing acts of kindness for 

others on telomere length change would be mediated by increases in social 

connectedness and decreases in loneliness and perceived stress. 

2. Method 

2.1 Participants 

Community adults (N = 230) were recruited through email advertisement, flyers, 

and community fairs to participate in a study of positive activities and health. See Table 

1 for baseline sample characteristics. Participants were eligible if they were 21 years of 

age or older and not currently taking antidepressant medication, and received $100 

compensation for completing all timepoints. The majority (73%) identified as female 

(Mage = 34.8 years, SD = 11.23, range = 21- 83) and highly educated (52.2%), and a 

plurality were White (42.6%). All study procedures were approved by the University of 

California, Riverside, Institutional Review Board, and all participants provided written 

informed consent. 
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Table 1 

Baseline Sample Characteristics 

Variable 
Control 
(n = 84) 

Self-
Kindness 
(n = 74) 

Other-
Kindness 
(n = 72) p1 

Age (mean ± SD years) 37.02 (13.04) 33.18 (9.94) 33.86 (9.84) .07 
Sex (% Female) 75.0% 73.0% 70.8% .84 
Race/ethnicity (% self-identified)    .93 

Asian/Asian American 9.5% 12.2% 13.9%  
Black/African American 3.6% 5.4% 5.6%  
Hawaiian/Pacific Islander 1.2% 1.4% 2.8%  
White 46.4% 41.9% 38.9%  
Hispanic/Latinx 32.1% 32.4% 25.0%  
Middle Eastern 1.2% 2.7% 5.6%  
Other/More than One 4.8% 4.1% 6.9%  
American Indian/Alaskan Native 1.2% 0.0% 1.4%  

Education level    .52 
(1) Did not finish high school 0.0% 2.7% 2.8%  
(2) High school diploma 1.2% 4.1% 1.4%  
(3) Some College 15.5% 14.9% 13.9%  
(4) 4-Year Degree 26.2% 31.5% 26.4%  
(5) Graduate or Professional 

Degree 
57.1% 43.2% 55.6%  

Employment2 (% Yes)     
(1) Full-time 59.5% 63.5% 58.3% .80 
(2) Part-time 9.5% 10.8% 11.1% .94 
(3) Full-time college/university 

student 
25% 23% 25% .95 

(4) Self-employed 2.4% 4.1% 2.8% .82 
(5) Unemployed 4.8% 4.1% 5.6% .91 
(6) Retired 2.4% 0.0% 1.4% .42 
(7) Other 4.8% 5.4% 5.6% .97 

Hormone use (% Yes) 22.6% 25.7% 31.9% .41 
Baseline illness symptoms (% Yes) 8.3% 8.1% 2.8% .30 
Post-intervention illness symptoms 

(% Yes) 
6.0% 6.8% 4.2% .79 

Body mass index 26.24 (6.05) 28.85 (8.13) 26.09 (6.88) .03* 
Life Satisfaction (mean ± SD) 4.82 (1.32) 4.92 (1.17) 4.73 (1.12) .61 
Flourishing (mean ± SD) 3.27 (0.66) 3.30 (0.72) 3.28 (0.61) .95 
Happiness (mean ± SD) 4.81 (1.33) 4.99 (1.21) 4.88 (1.16) .67 
Loneliness (mean ± SD) 1.97 (0.52) 2.01 (0.52) 2.00 (0.61) .91 
Baseline LTL (mean ± SD) 1.43 (0.25) 1.44 (0.27) 1.45 (0.29) .91 
Number of kind acts reported3  

(mean ± SD) 
N/A 10.18 (3.31) 10.10 (3.05) .83 

 
Note. LTL = leukocyte telomere length.  



KINDNESS & CELLULAR AGING   9 
 

 
1Omnibus test statistic from ANOVA (continuous variables), c2 (categorical variables), or 

t-test (for number of kind acts reported). 

2Employment categories were not mutually exclusive.  

3Possible range was 0-12 across the intervention period; participants in the control 

condition were not asked to report number of kind acts.  

 

2.2 Design and Procedure 

Using a single-blind design, participants were randomly assigned to participate in 

one of three possible conditions that varied only with respect to their activity 

instructions. Intervention instructions were adapted from prior work (i.e., Nelson et al., 

2016; Nelson-Coffey et al., 2017) and are available in full in the Supplemental Materials. 

The kindness-to-others group was instructed to perform three acts of kindness for other 

people, all three in one day, each week for 4 weeks. The control group was instructed to 

keep track of their usual daily activities on one day each week for 4 weeks. Finally, 

following prior studies using this paradigm (i.e., Nelson et al., 2016; Nelson-Coffey et 

al., 2017), we included a kindness-to-self active comparison group, which received 

instructions to perform three acts of kindness for themselves, all three in one day, each 

week for 4 weeks. Each week during the intervention period (see Figure 1), participants 

logged on to the study website (either in-lab [i.e., T1 and T5] or from home [i.e., T2, T3, 

and T4]) to complete outcome measures, report on the previous week’s activities, and 

receive instructions for the following week’s activities (T1 through T4 only). Finally, at the 

2-week follow up (T6), participants logged on to the study website to complete one final 

assessment of outcome measures.  



KINDNESS & CELLULAR AGING   10 
 

 

 
Figure 1. Study Timeline. 

Note. T1 (baseline) through T5 (post-intervention) occurred at weekly intervals; T6 (2-

week follow-up) occurred 2 weeks after T5.   

 
At T1 and T5 (i.e., baseline and post-intervention), participants came to the lab to 

provide a small dried blood spot (DBS) sample via finger prick for analysis of telomere 

length and to complete self-report measures of psychological outcomes (e.g., mental 

health flourishing, life satisfaction) and potential mediators (e.g., social connection, 

affect). Immediately following completion of these questionnaires, participants were 

provided intervention instructions for their randomly assigned activity. 

At all other timepoints (i.e., T2, T3, T4, and T6), participants were emailed web 

links to complete weekly surveys on their home computers or mobile devices (and to be 

debriefed; T6 only).  

2.3 Measures 

2.3.1 Psychological Measures  

2.3.1.1 Life Satisfaction. At T1, T5, and T6, participants reported their current 

satisfaction with their life in general using the Satisfaction With Life Scale (SWLS; 

Diener et al., 1985). The SWLS consists of five questions (e.g., “In most ways my life is 
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close to my ideal,” “I am satisfied with my life”) rated on 7-point Likert-type scales (1 = 

strongly disagree, 7 = strongly agree). Across measurements, Cronbach’s αs ranged 

from .87 to .90. 

2.3.1.2 Flourishing. The Mental Health Continuum-Short Form (MHC-SF; 

Keyes, 2002) measures the extent to which participants are experiencing flourishing 

mental health. At T1, T5, and T6, participants responded to 14 items (e.g., “How often did 

you feel that you liked most parts of your personality?”) assessing components of 

emotional, social, and personal well-being on a scale from 0 (never) to 5 (every day). 

Cronbach’s αs ranged from .89 to .94 across timepoints. 

2.3.1.3 Loneliness. The 20-item Revised UCLA Loneliness Scale (Russell et al., 

1980) assesses perceived loneliness. At T1, T5, and T6, participants indicated how 

frequently each item described them on a 4-point Likert-type scale (0 = never, 3 = 

often). Items include “I feel in tune with people around me” and “I feel isolated from 

others.”  Across timepoints, Cronbach’s αs ranged from .92 to .94. 

2.3.1.4 Positive and Negative Affect. Weekly emotions were assessed using 

the 9-item Affect-Adjective Scale (Diener & Emmons, 1984), which taps a range of 

positive emotions (happy, pleased, joyful, enjoyment/fun) and negative emotions 

(worried/anxious, angry/hostile, frustrated, depressed/blue, unhappy). At all timepoints, 

participants rated the extent to which they have experienced the emotions in the past 

week on a 7-point Likert scale (0 = not at all, 1 = slightly, 2 = somewhat, 3 = moderately, 

4 = much, 5 = very much, 6 = extremely). Across timepoints, Cronbach’s αs ranged 

from .90 to .95 for positive emotions, and .82 to .89 for negative emotions. 
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2.3.1.5 Social Connectedness. We assessed participants’ feelings of social 

connectedness at each timepoint with the relatedness subscale from the Balanced 

Measure of Need Satisfaction (BMPN; Sheldon & Hilpert, 2012). This 6-item measure 

(with 3 positively worded and 3 negatively worded items each) assesses connectedness 

over the past week (e.g., “I felt a sense of contact with people who care for me”). 

Participants rated their level of agreement with each item on 5-point Likert-type scale (1 

= no agreement, 3 = some agreement, 5 = much agreement). Cronbach’s αs ranged 

from .71 to .85 across all measurements. 

2.3.1.6 Perceived Stress. At each timepoint, participants reported their level of 

stress using the 10-item Perceived Stress Scale (Cohen et al., 1983) adapted to assess 

stress over the past week, rather than month. Using a 5-point Likert-type scale (1 = 

never, 5 = very often), they rated the frequency of stress, such as “How often in the past 

week have you felt you could not cope with all the things you have to do?” Cronbach’s 

αs ranged from .87 to .90 across all measurements. 

2.3.2 Biological Measures 

2.3.2.1 Leukocyte Telomere Length (LTL). Genomic DNA was extracted from 

six 3-mm diameter cutouts from dried blood spot samples using QIAamp DNA 

Investigator Kit (cat# 56504) according to manufacturer’s instructions. DNA 

concentration was quantified by PicoGreen Assay using ThermoFisher NanoDropTM 

3300. The average DNA concentration was 4.5 ng/μl.  

The telomere length measurement assay is adapted from the published original 

PCR-based method by Cawthon (2002; Lin et al., 2010; See Supplemental Materials for 

assay method details).  
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To control for batch variance, the T/S ratio for each sample was measured in two 

separate runs. T/S values were then adjusted based on initial systematic differences 

between the two runs as determined by comparing the reference DNA standard curves. 

When the duplicate T/S values varied by more than 7% after adjustments (i.e., in 35% 

of samples), the sample was assayed for a third or fourth time and the two closest 

values were reported. Samples were run in batches of 96 wells. The batch differences 

were adjusted by repeating a subset of study samples from each plate and 

subsequently adjusting runs 1 and 2 accordingly. Using this method, the average CV for 

this study was 2.15%.  

2.3.3 Analytic Approach 

We pre-registered our analytic plan, including our planned covariates for the 

biological analyses, on the Open Science Framework (https://osf.io/93ck7/). We 

considered analyses involving the self-kindness condition as exploratory, given our lack 

of strong directional hypotheses regarding its effects on psychological outcomes or 

telomere length. See Supplemental Materials for additional measures not reported here. 

Based on the Shapiro-Wilk test, T/S values were normally distributed at baseline (W = 

0.9917, p = .22 for null hypothesis), but not at post-intervention (W = 0.9812, p = .005 

for null hypothesis). Thus, T/S ratio scores at both timepoints were log-transformed prior 

to analysis. Because n = 7 participants did not return at the follow-up, our final analytic 

sample for telomere analyses included 223 participants with both baseline and follow-up 

data. Participants lost to follow-up did not differ between conditions, c2 = 0.46, p = .79. 
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3. Results 

3.1 Biological Outcome 

Using the NLME package in R Studio version 1.3.959, we ran a linear mixed-

effects model analysis, adjusted for our pre-registered covariates (i.e., age, sex, BMI, 

illness symptoms at baseline and post-intervention, and hormone use), to examine the 

effect of condition on our primary biological outcome of change in LTL (i.e., our pre-

registered biological hypothesis; see Figure 2). Contrary to our prediction, participants in 

the other-kindness condition did not show significantly different rates of change in LTL 

relative to controls (b [SE] = -0.01 [.007], 95% CI [-0.02 – 0.00], p = 0.126). Results 

became marginally significant (in the direction opposite to our hypothesis) when this 

model was run without covariates in the model, (b [SE] = -0.012 [.007], 95% CI [-0.02 – 

0.00], p = 0.078), and when excluding individuals reporting illness symptoms at either 

timepoint, (b [SE] = -0.013 [.007], 95% CI [-0.03 – 0.00], p = 0.062).   

 
Figure 2. Change in LTL by Condition. 
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Note. Change in telomere length (log-transformed values) from baseline to post-

intervention for each experimental condition.  

3.1.1 Exploratory biological analyses. Across the full sample, telomere length 

increased from baseline, and a one-sample t-test on the change scores suggested this 

finding was marginal, t(222) = 1.77, p = .08. LTL did not differ by sex at baseline, 

t(228)= 0.10, p = .92, or post-intervention, t(221)= 0.02, p = .96. 

3.1.1.1 Kindness to self condition differences. A linear mixed-effects model 

analysis, adjusted for our pre-registered covariates (i.e., age, sex, BMI, illness 

symptoms at baseline and post-intervention, and hormone use) revealed that, relative to 

controls, participants in the self-kindness condition did not report significant changes in 

LTL over time, b [SE] = -0.002 [.007], 95% CI [-0.01 – 0.01], p = .776. 

In light of the trend evident in Figure 2 (i.e., in the opposite direction from our pre-

registered hypothesis), we further explored the effect of condition on LTL using 

regressed change analyses. Using this approach, and controlling for our pre-registered 

covariates and baseline LTL, we found that participants in the other-kindness condition 

demonstrated significantly shorter LTL at post-intervention than did participants in the 

control condition, b [SE] = -0.013 [.006], 95% CI [-0.02 – 0.00], p = .047. Participants in 

the self-kindness condition, however, did not demonstrate significantly different LTL 

than did controls, b [SE] = -0.003 [.006], 95% CI [-0.02 – 0.01], p = .665.  

3.2 Psychological Outcomes  

Using planned contrasts, we tested whether participants in the other-kindness 

condition reported greater change scores in psychological variables relative to the 

control group (i.e., our pre-registered psychological hypotheses). Contrary to 
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predictions, no significant differences between other-kindness and control were 

detected for flourishing, t(224) = 0.66, p = .51, life satisfaction, t(224) = 0.30, p = .76, or 

loneliness, t(223) = -0.91, p = .37, for change scores between baseline and post-

intervention (see Table 2). A similar pattern emerged when examining change scores 

between baseline and follow-up, with no significant differences between other-kindness 

and control detected for flourishing, t(128) = 0.74, p = .46 life satisfaction, t(133) = 1.56, 

p = .12, or loneliness, t(127) = -1.37, p = .17.  

Additionally, relative to controls, participants in the other-kindness condition did 

not report greater positive affect, t(227) = 0.54, p = .59, greater connectedness, t(167)= 

-0.14, p = .89, less negative affect, t(227)= -0.45, p = .66, or lower stress, t(167) = 0.96, 

p = .34, on average across the intervention period (e.g., averaged from T2-T5; see Table 

3). Given the lack of association between experimental condition, our hypothesized 

potential mediator variables, and our primary psychological outcomes of interest, we did 

not proceed to test our pre-registered mediation models.  

3.2.1 Exploratory psychological analyses.  

3.2.1.1 Kindness to self condition differences. We used post-hoc contrasts to 

test whether the self-kindness group differed from either the control group or the other-

kindness group on our psychological outcomes of interest. Relative to controls, 

participants in the self-kindness group reported significantly less loneliness (i.e., lower 

change scores) at the post-intervention, t(223) = -2.06, p = .04, but not at the follow up, 

t(127) = -1.40, p = .17. No other significant differences were detected between the self-

kindness and control groups for change scores of flourishing or life satisfaction between 

baseline and post-intervention, ps > .58, or baseline and follow up, ps > .68. Further, 
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relative to controls, participants in the self-kindness condition did not report improved 

positive affect, connectedness, negative affect, or stress, on average, across the 

intervention period (ps > .09). Finally, no significant differences emerged between the 

self-kindness and other-kindness groups on these outcomes, ps > .27 (see Tables 2 

and 3). 
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Table 2 

Planned Contrasts and Post-Hoc Tests by Condition and Timepoint for Pre-Post Measures 

Variable 

Kindness to 
Others 

Contrast 1: +1 
Contrast 2: +1 
Contrast 3: 0 

Kindness to 
Self 

Contrast 1: 0 
Contrast 2: -1 
Contrast 3: +1 

List Daily 
Activities 
(Control) 

Contrast 1: -1 
Contrast 2: 0 
Contrast 3: -1 Contrast 1 Contrast 2 Contrast 3 

 M(SD) n M(SD) n M(SD) n t p r t p r t p r 

Post-
Intervention                

   Life Sat 4.62 (1.37) 71 4.71 (1.44) 73 4.68 (1.48) 83 -0.23 .82 .02 -0.35 .73 .02 0.14 .89 .01 

   Flourishing 3.33 (0.70) 71 3.26 (0.75) 73 3.26 (0.71) 83 0.61 .54 .04 0.56 .57 .04 0.03 .97 .00 

   Loneliness 1.95 (0.57) 70 1.94 (0.56) 73 1.99 (0.56) 83 -0.39 .70 .03 0.10 .92 .01 -0.50 .62 .03 

   LTL 1.45 (0.24) 69 1.46 (.26) 72 1.43 (0.30) 82 -0.49 .63 .03 -0.69 .49 .05 0.23 .82 .02 

Follow Up                
   Life Sat 5.09 (1.24) 39 5.16 (1.27) 42 5.03 (1.34) 55 0.20 .84 .02 -0.24 .81 .02 0.47 .64 .04 

   Flourishing 3.35 (0.81) 38 3.38 (0.81) 40 3.30 (0.85) 53 0.31 .76 .03 -0.13 .90 .01 0.45 .66 .04 

   Loneliness 1.82 (0.62) 38 1.92 (0.58) 39 1.94 (0.56) 53 -0.94 .35 .08 -0.79 .43 .07 -0.09 .93 .01 

 

Note. LTL = leukocyte telomere length; Life Sat = life satisfaction. 

†p ≤ .10. *p ≤ .05. **p ≤ .01. ***p ≤ .001
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Table 3 

Planned Contrasts and Post-Hoc Tests by Condition and Timepoint for Weekly 

Measures 

Variable 

Kindness to 
Others 

Contrast 1: +1 
Contrast 2: +1 
Contrast 3: 0 

Kindness to  
Self 

Contrast 1: 0 
Contrast 2: -1 
Contrast 3: +1 

List Daily 
Activities 
(Control) 

Contrast 1: -1 
Contrast 2: 0 
Contrast 3: -1 Contrast 1 Contrast 2 Contrast 3 

 M(SD) n M(SD) n M(SD) n t p r t p r t p r 

Week 1 / Baseline                

Positive Affect 4.63 (1.16) 72 4.83 (1.15) 74 4.67 (1.11) 84 -0.26 .79 .02 -1.10 .27 .07 0.88 .38 .06 

Negative Affect 2.87 (1.09) 72 2.94 (1.14) 74 2.80 (1.09) 84 0.36 .72 .02 -0.42 .68 .03 0.80 .43 .05 

Connectedness 3.81 (0.73) 72 3.70 (0.80) 74 3.86 (0.73) 84 -0.41 .69 .03 0.90 .37 .06 -1.34 .18 .09 

Perceived Stress 2.64 (0.66) 72 2.66 (0.66) 74 2.62 (0.72) 84 0.17 .87 .01 -0.17 .86 .01 0.35 .73 .02 

Week 2                

Positive Affect 4.63 (1.19) 62 4.65 (1.32) 62 4.67 (1.06) 75 -0.23 .83 .02 -0.11 .91 .01 -0.10 .92 .01 

Negative Affect 2.68 (1.00) 62 2.81 (1.04) 62 2.52 (0.93) 75 0.97 .34 .07 -0.73 .47 .05 1.73 .09† .12 

Connectedness 3.85 (0.74) 62 3.66 (0.86) 62 3.86 (0.81) 75 -0.07 .94 .00 1.30 .20 .09 -1.43 .15 .09 

Perceived Stress 2.68 (.64) 62 2.70 (0.73) 62 2.60 (0.72) 75 0.67 .50 .05 -0.14 .89 .01 0.83 .41 .06 

Week 3                

Positive Affect 4.79 (1.22) 56 4.90 (1.33) 61 4.85 (1.24) 79 -0.29 .77 .02 -0.48 .63 .03 0.22 .83 .02 

Negative Affect 2.57 (1.05) 56 2.66 (1.13) 61 2.52 (0.92) 79 0.25 .81 .02 -0.50 .62 .04 0.79 .43 .06 

Connectedness 3.92 (0.68) 56 3.81 (0.81) 61 4.01 (0.77) 79 -0.69 .50 .05 0.75 .45 .05 -1.52 .13 .11 

Perceived Stress 2.60 (0.67) 56 2.53 (0.68) 61 2.48 (0.69) 79 1.03 .30 .07 0.54 .59 .04 0.47 .64 .03 

Week 4                

Positive Affect 4.65 (1.39) 54 4.93 (1.35) 60 4.75 (1.31) 72 -0.40 .69 .03 -1.08 .28 .08 0.75 .46 .06 

Negative Affect 2.49 (1.18) 54 2.59 (1.10) 60 2.55 (1.14) 72 -0.26 .80 .02 -0.45 .65 .03 0.21 .83 .02 

Connectedness 3.95 (0.81) 54 3.89 (0.84) 60 3.95 (0.76) 72 -0.01 .99 .00 0.36 .72 .03 -0.39 .69 .03 

Perceived Stress 2.63 (0.71) 54 2.58 (0.70) 60 2.48 (0.76) 72 1.14 .26 .08 0.36 .72 .03 0.79 .43 .06 

Week 5 / Post-
Intervention       

         

Positive Affect 4.89 (1.21) 71 5.00 (1.26) 73 4.72 (1.33) 83 0.83 .41 .06 -0.53 .59 .04 1.39 .17 .09 

Negative Affect 2.31 (0.99) 71 2.48 (0.97) 73 2.47 (1.16) 83 -0.96 .34 .06 -0.98 .33 .07 0.06 .96 .00 

Connectedness 4.03 (0.76) 71 4.03 (0.70) 73 4.02 (0.78) 83 0.09 .93 .01 .01 .99 .00 0.08 .94 .01 

Perceived Stress 2.50 (0.76) 71 2.51 (0.70) 73 2.56 (0.82) 83 -0.44 .66 .03 -0.07 .95 .00 -0.37 .71 .02 

Week 6 / Follow Up                

Positive Affect 5.18 (1.44) 39 4.98 (1.42) 42 4.93 (1.35) 55 0.86 .39 .07 0.64 .53 .06 0.19 .85 .02 

Negative Affect 2.64 (1.37) 39 2.65 (1.06) 42 2.60 (1.09) 55 0.18 .86 .02 -0.04 .97 .00 0.23 .82 .02 

Connectedness 4.09 (0.86) 39 3.89 (0.86) 41 3.90 (0.87) 55 1.07 .29 .09 1.01 .31 .00 -0.02 .99 .00 

Perceived Stress 2.50 (0.83) 38 2.52 (0.69) 40 2.49 (0.75) 53 0.09 .93 .01 -0.11 .91 .01 0.21 .83 .02 
 

†p ≤ .10. *p ≤ .05. **p ≤ .01. ***p ≤ .001. 
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 3.2.1.2 Growth modeling. To further explore the trajectory of our psychological 

variables across multiple timepoints, we used multilevel growth curve modeling to 

account for repeated measures nested within participant. Relative to controls, 

participants in the other-kindness condition reported significant decreases in loneliness 

from baseline through the 2-week follow up, g11 = -0.059, p = .034 and participants in the 

self-kindness condition reported a trend in the same direction, g12  = -0.051, p = .064 

(see Table 4 and Figure 3). However, relative to controls, participants in the other-

kindness and self-kindness conditions did not report greater increases in in life 

satisfaction, ps > .13, or flourishing, ps > .44, across time.  
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Table 4 

Model Parameters (Standard Errors) and Goodness of Fit for Linear Change for 

Loneliness from Baseline to Follow-Up (T6) 

 
Note. In Model 1, the intercept parameter estimate (g00) represents average loneliness at 

baseline across the sample. In Model 2, the intercept parameter estimate (g00) 

represents average loneliness for those in the control condition.  

†p ≤ .10. *p ≤ .05. **p ≤ .01. ***p ≤ .001. 

 
 
 

   Loneliness  
 

Effect Parameter Model 1: 
Unconditional Growth 

Model 2: Kindness 
Condition vs Control  

Fixed 
Effects 

Intercept g00 2.02 (0.40)*** 1.97 (0.07)***  
Time g10 -0.03 (0.01)* 0.002  

Other-Kindness g01 - 0.09 (0.10)  

Self-Kindness g02 - 0.08 (0.10)  

Time * Other-Kindness g11 - -0.06 (0.03)*  

Time * Self-Kindness g12 - -0.05 (0.03)†  

Random 
Effects 

Level 1 s2
e 0.04 0.04  

Level 2 
s2 0.28 0.28  
s2 0.87 0.88  

Goodnes
s of Fit 

Deviance  451.39 445.74  

Akaike Information 
Criterion  459.39 461.74  

Bayesian Information 
Criterion  476.88 496.73  

 Dc2   5.64  
 Ddf   4  
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Figure 3. Change in Loneliness by Condition. 

Note. Change in loneliness from baseline through the 2-week follow-up for each 

experimental condition.  

 

3.3 Additional Exploratory Analyses. 

3.3.1 Relationship between psychological variables and telomere length. 

We explored raw and partial correlations (i.e., adjusted for our covariates) between 

baseline telomere length and participant demographic and psychological variables. We 

also examined whether change in any psychological variables across conditions 

correlated with change in telomere length from baseline to post-intervention. LTL 

correlated negatively with age (r = -.45, p < .0001), but no significant associations were 

found between LTL and any other demographic or psychological variable (see 

Supplemental Materials for analyses.)  
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4. Discussion 

4.1 Biological Outcome 

Our hypothesis with regard to telomere length change was not supported using 

our pre-registered analytic plan. Primary analyses indicated no effect, and exploratory 

secondary analyses of regressed change suggested a pattern in the opposite 

direction—that engaging in kindness to others may have paradoxically led to shorter 

telomere length. However, the explanation for this result is unclear, and may stem from 

the interpretive complexities of regressed change analyses (e.g., because baseline 

values influence both predictors and outcomes) or from systematic psychobiological 

effects that are not presently understood and require further replication and mechanistic 

clarification in future studies. Importantly, we did not find evidence in the psychological 

assessments that the other-kindness group was under more stress than the self-

kindness or control participants during the intervention period. 

Across conditions, we found a trend toward telomere elongation across time in 

our study. Although this finding could be noise and/or measurement error, it may also 

reflect a systematic effect with unknown mechanisms. Notably, telomere elongation has 

been reported elsewhere (e.g., Aviv et al., 2009), and several longitudinal studies 

reported telomere elongation in over 20% of their samples across spans of up to 5 

years (Berglund et al., 2016; Farzaneh-Far et al., 2010). More relevant to our study, one 

small trial of meditation found lengthening over just 3 weeks, in the retreat group 

(Conklin et al., 2018).  

Importantly, not all leukocytes are “telomerically” equal. Subsets of lymphocytes 

from the same individual show different lengths of telomeres, such as shorter telomeres 
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in CD8 T cells compared to B cells (Lin et al., 2010). Importantly, leukocyte composition 

is sensitive to acute stressors, and even a relatively brief (i.e., 5-minute) activation of 

the sympathetic nervous system can elicit selective lymphocyte subtype mobilization 

and redistribution (e.g., resulting in apparent changes in NF-κB that actually represent 

selective mobilization of leukocytes with greater basal NF-κB activity in the absence of 

any true change in per-cell NF-κB activity; Richlin et al., 2004). This acute immune cell 

trafficking can lead to differences in cell subtypes present, and thus can result in 

different average measures of telomere length at that snapshot in time. This 

phenomenon of increased average telomere length in blood, termed “pseudo-

lengthening” (Epel, 2012), could provide one plausible explanation for the overall trend 

toward telomere lengthening from baseline to post-intervention in our sample. A finger-

prick can be stressful, particularly when performed by a stranger in a novel laboratory 

space. Specifically, the initial finger prick may have served as a novel acute stressor, 

eliciting leukocyte redistribution, to which the participant habituated by the second finger 

prick at the 4-week follow-up. However, we would expect this habituation effect to be 

similar across the full sample, and there are no reasons to expect it to differ across 

experimental groups (as observed in our secondary analyses). It is nevertheless 

possible that the kindness-to-others group may have had a muted stress and cell 

trafficking response, and this may in turn explain lack of a pseudo-lengthening effect of 

redistribution. This idea is speculative, but could be tested in future studies when cell 

types are measured at each time point (i.e., at the same time as venipuncture or finger 

pricks).  
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4.2 Psychological Outcomes 

 Our pre-registered hypotheses regarding kindness to others and changes in well-

being were also not supported. However, exploratory analyses revealed a pattern of 

results suggesting that engagement in either kindness activity led to reductions in 

loneliness across time. This finding supports our prediction that engaging in kindness to 

others may lead individuals to feel closer and more connected to others in their lives.  

Additionally, we found that participants in the other-kindness group reported 

changes across time in loneliness, but only when the follow-up time period was included 

(i.e., via growth curve modeling). One explanation for this effect is that changes in 

loneliness may take longer than our 4-week intervention period to emerge. Additionally, 

given that growth modeling incorporates repeated measurements over time, this 

analysis may represent a more accurate assessment of change. The loneliness-

alleviating potential of prosocial behavior is particularly timely, as social isolation is a 

recent public health concern and has been identified as a target for intervention efforts 

(e.g., Holt-Lunstad et al., 2017).  

 Our hypotheses regarding improvements in psychological variables were largely 

unsupported. One potential reason that we did not replicate the psychological 

flourishing finding reported by Nelson and colleagues (2016) is that, despite using the 

same intervention, our sample size was approximately half as large due to budgetary 

constraints for blood assays. Thus, we may have been underpowered to detect 

psychological effects. A post-hoc analysis suggests that in order to attain 80% power, 

we would have needed 1592 participants per experimental condition. Importantly, 

however, prior work using this prosocial behavior paradigm has found biological effects 
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even in the absence of self-reported psychological effects (e.g., Nelson-Coffey et al., 

2017). Furthermore, a recent study (N = 142) found significant differences in telomere 

length attrition between a loving-kindness meditation group and wait list control group 

(Le Nguyen et al., 2019). 

To our knowledge, this study is the first pre-registered experiment to test the 

effect of a positive psychological intervention on change in telomere length across time. 

While there is now a growing body of intervention studies with telomere length, few of 

these were specifically designed for the outcome of telomere measurement, and none 

were pre-registered.  

4.3 Limitations and Future Directions 

 Our shortitudinal trial occurred over the course of just 4 weeks and employed a 

relatively low touch intervention. As most telomere intervention studies are highly 

intensive, multicomponent, and even sometimes residential, it is possible that our 

intervention was not potent enough (e.g., needed more acts than 3 times a week) or 

lengthy enough (e.g., needed to be longer than 4 weeks) to elicit the predicted changes 

in telomere length, and/or that our 1-month time lag was too brief to detect changes in 

telomere length. Additionally, we chose not to assess telomere length at the 2-week 

follow up, because we did not expect intervention effects to be evident over a brief, non-

active follow-up period and due to the cost of the assays. However, it is possible that 

the effects of our intervention may have taken time to germinate, particularly in light of 

our loneliness finding. Thus, future work should strive to establish the optimal dosage 

for kindness interventions and the optimal time lag for measuring telomere length.  
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Our sample was largely healthy and in early-to-mid adulthood, and thus may not 

have had a lot of room for improvement. We may have observed stronger psychosocial 

and biological effects had we targeted a clinical and/or highly stressed sample. A meta-

analysis found that the relationship between perceived stress and telomere length, 

although small, is marginally stronger in high stress and/or clinical samples compared to 

general samples (Mathur et al., 2016). Although traumatic distress is associated with 

shorter telomere length, particularly early in life (Li et al., 2017; Willis et al., 2018), no 

studies to our knowledge have demonstrated cross-sectional relationships between 

telomere length and measures of psychological well-being, such as positive affect (for 

exceptions of some studies on optimism, with mixed results, see Ikeda et al., 2014; 

Schutte et al., 2014). Thus, it is possible that enhancement of well-being in relatively 

healthy samples may not slow telomere attrition in the same way that alleviation of 

chronic stress might do so. Additionally, we did not assess depressive or anxiety 

disorders, which may have impacted baseline telomere length. However, there is little 

evidence to suggest that psychiatric history would impact the effect of our intervention 

on change in telomere length. Moreover, any such effects that might occur should be 

randomly distributed across study condition (given this study’s randomized experimental 

design) and thus cannot account for the presence or absence of group differences in 

change over time.  Finally, future studies could also measure telomere length with 

alternative methods, such as using buccal cells in addition to blood, given the inherent 

measurement error and fluctuation in blood cell types over time. 
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4.4 Concluding Words 

 We conducted the first pre-registered positive psychological (i.e., prosocial 

behavior) intervention aimed at impacting telomere health. Our pre-registered 

hypotheses regarding psychological well-being and telomere length were not supported. 

Even participants who reported the biggest gains in well-being and related constructs 

from our intervention failed to show parallel shifts in telomere length. Further, collapsing 

across experimental conditions, neither single timepoint measures nor pre-post changes 

in psychological variables were significantly correlated with telomere health. Exploratory 

analyses, however, suggested that performing kindness may alleviate loneliness, 

thereby highlighting prosocial behavior as a potentially useful—brief, self-delivered, low-

cost, and scalable—intervention for addressing a key public health concern.  
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Supplemental Materials for  

Kindness and Cellular Aging: A Pre-Registered Experiment Testing the Effects of 

Prosocial Behavior on Telomere Length and Well-Being 

 

Additional Methodological Details 

Telomere Assay Details 

The PCR assay thermal cycling profile consists of the following for T(telomic) 

DNA: Initial denaturing at 96°C for 1 minute followed by 30 cycles of denaturing at 96°C 

for 1 second, followed by annealing/extension at 54°C for 60 seconds, with fluorescence 

data collection in each cycle. PCR cycling for the control single copy reference gene (S) 

involved initial denaturing at 96°C for 1 minute, followed by an initial 8 cycles of PCR 

amplification involving denaturation at 95°C for 15 seconds, annealing at 58°C for 1 

second, and extension at 72°C for 20 seconds; followed by an additional 35 cycles of 

denaturation at 96°C for 1 second, annealing at 58°C for 1 second, extension at 72°C 

for 20 seconds, and a 5 second hold at 83°C for fluorescent data collection. The PCR 

primers for the telomere assay are tel1b [5’-CGGTTT(GTTTGG)5GTT-3’], used at a final 

concentration of 100 nM, and tel2b [5’-GGCTTG(CCTTAC)5CCT-3’], used at a final 

concentration of 900 nM. The PCR primers for the single-copy gene (human beta-

globin) are hbg1 [5’-GCTTCTGACACAACTGTGTTCACTAGC-3’], used at a final 

concentration of 300 nM, and hbg2 [5’-CACCAACTTCATCCACGTTCACC-3’], used at a 

final concentration of 700 nM. The final reaction mix contains 7 ng of research sample 

genomic DNA accompanied by 20 mM Tris-HCl, pH 8.4; 50 mM KCl; 200 mM each 

dNTP; 1% DMSO; 0.4x Syber Green I; 22 ng E. coli DNA per reaction; 0.4 Units of 
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Platinum Taq DNA polymerase (Invitrogen Inc.) per 11 microliter reaction. Tubes 

containing 26, 8.75, 2.9, 0.97, 0.324 and 0.108ng of a reference DNA (from Hela cancer 

cells) are included in each PCR run as a standard curve to support normalization across 

assay runs. The reference gene used was human beta-globin gene, and the same 

reference DNA was used for all PCR runs. 

Additional Measures 

The following measures were collected, but not reported in the present analysis: 

Subjective Happiness Scale 

Self-Reported Health 

Elevation 

Hassles & Uplifts 

Trait Gratitude 

Personality 

Meaning in Life 

Optimism 

Autonomy 

Competence 

 Intervention Instructions  

Other-Kindness Instructions  

In our daily lives, we all perform acts of kindness, generosity, and 

thoughtfulness—both large and small—for others. Examples include cooking dinner for 

friends or family, doing a chore for a family member, paying for someone’s coffee in line 

behind you, visiting an elderly relative, or writing a thank you letter. Tomorrow, you are 
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to perform three nice things for others, all three in one day. These acts of kindness do 

not need to be for the same person, the person may or may not be aware of the act, 

and the act may or may not be similar to the acts listed above. Next week, you will 

report what nice things you chose to perform. Please do not perform any kind acts that 

may place yourself or others in danger. 

Self-Kindness Instructions 

In our daily lives, we all perform acts of kindness for others, but we often neglect 

to do nice things for ourselves. Tomorrow, you are to perform three acts of kindness for 

yourself, all three in one day.  These nice things that you do for yourself could be large 

(e.g., enjoying a day trip to your favorite hiking spot or a day at the spa) or they could be 

small (e.g., taking a 5-minute break when feeling stressed), but they should be 

something out of the ordinary that you do for yourself with a little extra effort. Examples 

include having your favorite meal, treating yourself to a massage, or spending time on 

your favorite hobby. These nice things for yourself do not need to be the same as the 

examples listed above, and although they may involve other people, they should be 

things that you do explicitly for yourself, not others. 

Control Instructions  

Tomorrow, as you go about your day, please keep track of your activities. You do 

not need to remember who you are with or how you are feeling during that time. 

Instead, just try to remember factual information about what you are doing. Do not alter 

your routine in any way; simply keep track of what you do. When you log back in to the 

study, you will be asked to write an outline of what you did. For example: Morning: Ate 

breakfast, went to work, ate lunch with coworkers. Afternoon: Started a new project, 
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held a meeting, went to the gym. Evening: Ate dinner, watched TV, went to bed. Only 

the facts are important. 

Additional Exploratory Analyses 

Relationship between Psychological Variables and LTL 

 Correlations 

 We explored raw and partial correlations (i.e., adjusted for our covariates) 

between baseline telomere length and participant demographic and psychological 

variables. We also examined whether change in any psychological variables across 

conditions correlated with change in telomere length from baseline to posttest. LTL 

correlated negatively with age (r = -.45, p < .0001).  Correlations between baseline LTL 

and baseline psychological characteristics, including well-being, loneliness, flourishing, 

positive affect, negative affect, stress, and social connection, were all nonsignificant (rs 

ranging from -.08 to .06, all ps >.22). One exception was marginal: Baseline LTL 

correlated with baseline life satisfaction (r = .115, p = .09). Finally, partial correlations 

between LTL change and change in well-being, loneliness, flourishing, positive affect, 

negative affect, stress, and social connection were all nonsignificant (with rs ranging 

from -.11 to .11, ps >.16). See Supplemental Tables 1-3 for correlation matrices.   

Did change in well-being predict change in LTL?  

We explored whether participants who increased the most in well-being also 

demonstrated the greatest LTL change. Thus, collapsing across all three conditions, we 

tested whether gains in well-being predicted differential levels of LTL change. Using 

regressed change analyses to predict post-intervention LTL, controlling for baseline LTL 

and our pre-registered covariates, we found that, collapsed across conditions, neither 
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changes in loneliness, b [SE] = -0.010 [.01], 95% CI [-0.03 – 0.01], p = .31, nor 

flourishing, b [SE] = -0.007 [.005], 95% CI [-0.02 – 0.00],  p = .21, nor life satisfaction, b 

[SE] = -0.001 [.003], 95% CI [-0.01 – 0.00], p = .81, predicted change in LTL across the 

intervention period. Similarly, across all conditions, change in LTL was not predicted by 

average negative affect, b [SE] = -0.002 [.003], 95% CI [-0.01 – 0.00], p = .46, average 

positive affect, b [SE] = 0.003 [.002], 95% CI [0.00 – 0.01], p = .16, average stress, b 

[SE] = -0.003 [.005], 95% CI [-0.01 – 0.01], p = .59, or average connectedness, b [SE] = 

.0004 [.01], 95% CI [-0.01 – 0.01], p = .95.   

Next, we conducted exploratory analyses to identify whether “early responders” 

(i.e., those who showed the greatest gains in well-being or greatest reductions in stress 

during the first week of the intervention) showed differential changes in telomere length. 

In other words, collapsed across both experimental conditions (i.e., within the self-

kindness and other-kindness participants), did those participants who showed the most 

improvement from Time 1 to Time 2 demonstrate changes in telomere length? We 

tested this question using regressed change analyses predicting post-test telomere 

length, controlling for baseline telomere length, our pre-registered covariates, and T1 

scores of the variable. Using this approach, we did not find that “early responders” 

showed shifts in telomere length. That is, at Time 2, neither positive affect (b [SE] = 

0.003 [.004], 95% CI [-0.01 – 0.01], p = .50), nor negative affect (b [SE] = 0.003 [.004], 

95% CI [-0.01 – 0.01], p = .95), nor stress (b [SE] = 0.001 [.008], 95% CI [-0.01 – 0.01], 

p = .93), predicted posttest telomere length. 

Finally, we compared changes in LTL across time for participants in the highest 

versus lowest quartiles of improvements in well-being, loneliness, and flourishing—that 
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is, those who reported the greatest gains versus the greatest declines from baseline to 

posttest in these outcomes, collapsed across all conditions. Relative to the lowest 

quartile, those in the highest quartile of change in loneliness (b [SE] = -0.004 [.003], 

95% CI [-0.01 – 0.00], p = .15), flourishing (b [SE] = -0.002 [.003], 95% CI [-0.01 – 0.00], 

p = .42), and life satisfaction, b [SE] = 0.002 [.003], 95% CI [-0.01 – 0.00], p = .52), did 

not show differential levels of LTL change across time. 

Sex Differences in Biological and Psychological Outcomes 

Sex Differences in LTL Change  

We found a significant condition by sex interaction (b [SE] = 0.04 [.01], 95% CI 

[0.01 – 0.06], p = .008) such that, relative to women, men in the other-kindness 

condition showed longer posttest LTL, controlling for baseline LTL and our pre-

registered covariates (see Supplemental Figure 1). This interaction appears to be driven 

by women in the other-kindness condition declining in LTL, as when the analyses were 

run separately by sex, other-kindness predicted significantly lower posttest LTL, 

controlling for baseline LTL and all covariates except sex, for women (b [SE] = -0.02 

[.01], 95% CI [-0.04 – -0.01], p = .002) but not for men (b [SE] = 0.02 [.01], 95% CI [-

0.01 – 0.04], p = .12). 

Sex Differences in Psychological Variables  

Given the interaction of sex and condition on telomere length, we conducted 

exploratory analyses to identify whether parallel psychological processes might provide 

convergent support for sex differences from our intervention.   

At baseline, relative to males, females were significantly less lonely, t(228)= -

2.51, p = .013, and more satisfied with their lives, t(228)= 2.44, p = .015. No sex 
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differences emerged at baseline for flourishing, t(228)= 1.25, p = .21, connectedness, 

t(228)= 0.45, p = .66, positive affect, t(228)= 0.09, p = .93, negative affect, t(228)= 0.81, 

p = .94, or stress, t(228)= 0.18, p = .86.  

We found a main effect of sex on loneliness, such that, among control 

participants, males reported higher loneliness than did females at posttest, controlling 

for baseline, (b [SE] = 0.28 [.08], 95% CI [0.13 – 0.43], p = .0003). However, there was 

a sex-by-condition interaction, (b [SE] = -0.33 [.11], 95% CI [-0.54 – -0.11], p = .003), 

which is the product of the aforementioned differences between sexes in the control 

condition and a relative lack of differences between sexes in the other-kindness 

condition (see Supplemental Figure 2). We found a similar trend in the self-kindness 

group (b [SE] = -0.19 [.11], 95% CI [-0.41 – 0.02], p = .07), again driven by differences 

in males in the control condition (see Supplemental Figure 2).  

We also found a main effect of sex on satisfaction with life, such that, within the 

control group, males reported smaller increases in life satisfaction than did females, (b 

[SE] = -0.65 [.25], 95% CI [-1.15 – -0.15], p = .01. Relative to females, males also 

reported lower average connectedness throughout the intervention period, (b [SE] = -

0.30 [.15], 95% CI [-0.60 – -0.01], p = .04. No sex-by-condition interactions were 

detected for either life satisfaction or connectedness. No other differences emerged by 

sex for average positive affect, average negative affect, average stress, or change in 

flourishing, ps > .15.  
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Supplemental Table 1 
 
Correlations Among All Study Measures 
 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

Baseline                         

1. LTL -                        

2. Age 
-.45 

*** 
-           

            

3. Loneliness -.04 -.03 -                      

4. Life Sat .15* 
-

.11† 

-.45 

*** 
-         

            

5. Flourishing -.05 .14* 
-.63 

*** 

.54 

*** 
-        

            

6. PA .07 -.04 
-.53 

*** 

.53 

*** 

.69 

*** 
-       

            

7. NA 008 
-.18 

** 

.40 

*** 

-.46 

*** 

-.50 

*** 

-.45 

*** 
-      

            

8. Connectedness .01 .08 
-.60 

*** 

.51 

*** 

.61 

*** 

.60 

*** 

-.52 

*** 
-     

            

9. Stress .06 
-.21 

*** 

.43 

*** 

-.48 

*** 

-.63 

*** 

-.58 

*** 

.66 

*** 

-.57 

*** 
-    

            

Post-Intervention                         

10. LTL 
.89 

*** 

-.44 

*** 
-.02 

.20 

** 
-.03 .10 .09 .02 .06 -   

            

11. Loneliness .03 .03 
.88 

*** 

-.46 

*** 

-.61 

*** 

-.50 

*** 

.43 

*** 

-.52 

*** 

.40 

*** 
.03 -  

            

12. Life Sat .11† -.09 
-.47 

*** 

.74 

*** 

.53 

*** 

.47 

*** 

-.43 

*** 

.42 

*** 

-.44 

*** 
.13† 

-.61 

*** 
- 

            

13. Flourishing -.03 .12† 
-.57 

*** 

.49 

*** 

.77 

*** 

.59 

*** 

-.45 

*** 

.47 

*** 

-.53 

*** 
-.05 

-.66 

*** 

.67 

*** 

-            

14. PA -.00 .02 
-.41 

*** 

.40 

*** 

.49 

*** 

.59 

*** 

-.27 

*** 

.36 

*** 

-.35 

*** 
.02 

-.53 

*** 

.58 

*** 

.68 

*** 

-           

15.  NA .11† 
-.20 

** 

.32 

*** 

-.24 

*** 

-.32 

*** 

-.22 

*** 

.49 

*** 

-.30 

*** 

.45 

*** 
.11† 

.43 

*** 

-.42 

*** 

-.54 

*** 

-.46 

*** 

-          

16. Connectedness .03 .04 
-.51 

*** 

.36 

*** 

.41 

*** 

.41 

*** 

-.35 

*** 

.48 

*** 

-.40 

*** 
.03 

-.63 

*** 

.50 

*** 

.61 

*** 

.63 

*** 

-.60 

*** 

-         

17. Stress .10 
-.18 

** 

.36 

*** 

-.34 

*** 

-.46 

*** 

-.39 

*** 

.51 

*** 

-.40 

*** 

.67 

*** 
.11† 

.48 

*** 

-.55 

*** 

-.66 

*** 

-.60 

*** 

.74 

*** 

-.63 

*** 

-        

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
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 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

Follow Up                         

18.  Loneliness .01 -.06 
.82 

*** 

-.47 

*** 

-.54 

*** 

-.46 

*** 

.44 

*** 

-.54 

*** 

.35 

*** 
.00 

.90 

*** 

-.63 

*** 

-.67 

*** 

-.55 

*** 

.43 

*** 

-.62 

*** 

.49 

*** 

-       

19. Life Sat .14 -.07 
-.47 

*** 

.77 

*** 

.54 

*** 

.50 

*** 

-.39 

*** 

.43 

*** 

-.44 

*** 
.19* 

-.52 

*** 

.83 

*** 

.62 

*** 

.57 

*** 

-.33 

*** 

.52 

*** 

-.53 

*** 

-.60 

*** 

-      

20. Flourishing .02 .01 
-.50 

*** 

.48 

*** 

.70 

*** 

.62 

*** 

-.38 

*** 

.45 

*** 

-.40 

*** 
.05 

-.57 

*** 

.67 

*** 

.84 

*** 

.71 

*** 

-.37 

*** 

.54 

*** 

-.54 

*** 

-.57 

*** 

.71 

*** 

-     

21.  PA .05 -.03 
-.43 

*** 

.47 

*** 

.49 

*** 

.65 

*** 

-.23 

** 

.38 

*** 

-.37 

*** 
.11 

-.50 

*** 

.64 

*** 

.68 

*** 

.73 

*** 

-.34 

*** 

.53 

*** 

-.54 

*** 

-.50 

*** 

.69 

*** 

.79 

*** 

-    

22.  NA .02 -.13 
.33 

*** 

-.43 

*** 

-.38 

*** 

-.32 

*** 

.51 

*** 

-.30 

*** 

.43 

*** 
-.01 

.41 

*** 

-.48 

*** 

-.56 

*** 

-.43 

*** 

.59 

*** 

-.47 

*** 

.56 

*** 

.41 

*** 

-.54 

*** 

-.58 

*** 

-.54 

*** 

-   

23. Connectedness .11 -.07 
-.47 

*** 

.53 

*** 

.50 

*** 

.48 

*** 

-.34 

*** 

.47 

*** 

-.34 

*** 
.13 

-.53 

*** 

.58 

*** 

.60 

*** 

.52 

*** 

-.42 

*** 

.64 

*** 

-.53 

*** 

-.53 

*** 

.70 

*** 

.67 

*** 

.71 

*** 

-.61 

*** 

-  

24. Stress -.04 -.13 
.38 

*** 

-.43 

*** 

-.50 

*** 

-.47 

*** 

.49 

*** 

-.38 

*** 

.61 

*** 
.02 

.49 

*** 

-.57 

*** 

-.68 

*** 

-.53 

*** 

.56 

*** 

-.60 

*** 

.72 

*** 

.49 

*** 

-.63 

*** 

-.69 

*** 

-.66 

*** 

.75 

*** 

-.65 

*** 

- 

 

†p ≤ .10. *p ≤ .05. **p ≤ .01. ***p ≤ .001.
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Supplemental Table 2 
 
Raw Correlations Between Change in Telomere Length and Change in Psychological 

Measures 

 1 2 3 4 5 6 7 8 

1. Telomere Length 
Change -        

2. Loneliness Change 
Score -.08  

-       

3. Life Satisfaction 
Change Score -.02 -.40*** -      

4. Flourishing Change 
Score -.09 -.36*** .42*** -     

5. Average Positive 
Affect .07 -.18** .32*** .24*** -    

6. Average Negative 
Affect -.06 .21** -.29*** -.28*** -.52*** -   

7. Average 
Connectedness .01 -.25*** .29*** .22** .71*** -.72*** -  

8. Average Stress -.05 .15† -.28*** -.20** -.66*** -.81*** -.72*** - 
 

†p ≤ .10. *p ≤ .05. **p ≤ .01. ***p ≤ .001. 
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Supplemental Table 3 

Partial Correlations Between Change in Telomere Length and Change in Psychological 

Measures 

 1 2 3 4 5 6 7 8 
1. Telomere Length 

Change Score -        

2. Loneliness Change 
Score -.04  

-       

3. Life Satisfaction 
Change Score -.03 -.43*** -      

4. Flourishing Change 
Score -.11 -.36*** .47*** -     

5. Average Positive 
Affect .05 -.10 .31*** .27** -    

6. Average Negative 
Affect -.01 .19* -.30*** -.30*** -.55*** -   

7. Average 
Connectedness .00 -.21* .25** .24** .73*** -.75*** -  

8. Average Stress -.06 .15† -.27*** -.24** -.68*** .80*** -.74*** - 
 

Note. Partial correlations controlled for age, sex, BMI, hormone medication use, and 

illness symptoms at baseline and posttest.  

†p ≤ .10. *p ≤ .05. **p ≤ .01. ***p ≤ .001. 
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Supplemental Figure 1 

Change in Telomere Length by Condition and Sex 
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Supplemental Figure 2 

Change in Loneliness at Posttest by Condition and Sex 
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