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Abstract

Previous studies have shown that lower social support is associated with higher all-cause mortality 

(Holt-Lunstad et al. in PLoS ONE Medicine 7:e1000316, 2010). While social support has been 

associated with system-specific biological measures (e.g., cardiovascular), there is the need to 

elucidate more general biological mechanisms linking social support to health risk across a 

number of diseases. In this meta-analytic review, the link between social support and telomere 

length (Cawthon et al. in Lancet 361:393–395, 2003) was conducted based on the updated 

PRISMA guidelines (Page et al., 2021). Across 17 studies, higher social support was not 

significantly related to longer telomere length (Zr = 0.010, 95% CI [− 0.028, 0.047], p > 0.05). 

The confidence interval indicated that the bulk of plausible values were small to null associations. 

Little evidence for bias was found as shown by funnel plots and Kendall’s Tau. Moderator 

analyses focusing on the measure of support, health of sample, age, type of assay specimen, and 

gender were not significant. In conclusion, this review showed no significant relationship between 

social support and telomere length and highlights important future directions.
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Introduction

Social support refers to the perceived or actual functions served by our social support 

networks (e.g., emotional/informational support, Holt-Lunstad et al., 2010) and has been 

inversely related to the prevalence and causes of several diseases and all-cause mortality 

(Berkman, 1995; Cohen, 2004; Tucker et al., 1996; Uchino et al., 2001). Holt-Lunstad et 

al. (2010), found that across 148 independent studies, an individual’s relationships predicted 

mortality. More specifically, individuals who had sufficient quantity and quality of social 
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relationships had a 50% greater likelihood of survival compared to those with poor and 

inadequate social relationships. These findings remained consistent across factors such as 

age, sex, initial health status, cause of death, and follow-up period. In fact, they found that 

the association between social support and health were comparable with well-known risk 

factors such as smoking, blood pressure, and physical activity (also see Berkman and Glass, 

2000; House et al., 1988; Uchino, 2004).

Consistent with these epidemiological findings, there is also research on the biological 

mechanisms potentially linking social support to disease morbidity and mortality. Previous 

studies have shown that lower social support has been associated with an increased 

cardiovascular response during acute stress and lower cortisol levels (Gerin et al., 1992; 

Rosal et al., 2004). Importantly, both measures have been linked to future cardiovascular 

risk (Chida and Steptoe, 2010; Pickering et al., 2006). However, with the exception of 

inflammation, there is a lack of knowledge on more general biological mechanisms linking 

social support to health risk across several diseases. Thus, the main aim of this review was to 

conduct a meta-analysis of the association between social support and telomere length which 

is an index of cellular aging linked to a number of disease processes (Cawthon et al., 2003).

Telomeres and health

Human telomeres act as protectors against cell degradation that can happen during cell 

division (Blackburn, 1991). This shortening of the telomere sequence can, in some cases, 

increase susceptibility to age-related diseases such as cancer, cardiovascular disease, as 

well as increase the likelihood of hypertension, diabetes, and obesity (Zalli et al., 2014). 

In a study done on Utah residents aged 60–97 years old, Cawthon and colleagues (2003), 

found that telomere length was a significant predictor of mortality, specifically for people 

aged 60–74 years of age. Individuals from the bottom quartile of the telomere length ratio 

had a heart disease mortality rate of over three times compared to their counterparts in 

the upper quartile. This study also demonstrated that participants who were in the bottom 

quartile of telomere length, had mortality rates from infectious disease that were eight times 

higher than participants who were in the upper quartile. These findings were some of the 

first showing a correlation between aging, disease risk, and telomere length. Across many 

subsequent studies, shorter leukocyte telomere length has been shown to increase the risk 

for cardiovascular, autoimmune, neurodegenerative disorders, and cancer. (Cawthon et al., 

2003; Vaiserman & Krasneinkov, 2021; Willeit et al., 2010a, b). Shorter telomeres have 

also been associated with worse clinical outcomes (Fordyce et al., 2005), including poor 

outcomes in patients with coronary heart disease (Krauss et al., 2011), and infectious disease 

(Spyridopoulos et al., 2009).

Social support and its potential association to telomere length

Perceived support refers to the potential an individual has to access support in their social 

networks. Studies have found an association between perceived support and lower mortality 

rates even after demographic and physical health status were controlled for (Berkman et 

al., 1992; Blazer, 1982; Brummett et al., 2001). These results are often above and beyond 

that of the extent of one’s social ties (e.g., Blazer, 1982) suggesting the quality of one’s 

relationships are of importance. In fact, the perception that an individual has of their social 
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support availability (i.e., perceived support) has been shown to consistently buffers the 

effects of stress on psychological distress, depression, and anxiety (reviewed by Cohen et 

al., 1985; Kawachi and Berkman, 2001). This is important because stressful life events are 

associated with negative biological processes that can adversely influence telomere length 

(Aschbacher, et al., 2013; Mathur et al., 2016).

On the other hand, an individual’s interaction with others (i.e., received support) refers 

to the direct receipt of support. It is also thought to aid in emotional regulation, thus 

increasing positive affect and limiting the intensity and duration of negative life moments 

if responsive (Cohen, 2004). Additionally, these positive cognitions and emotions help to 

suppresses neuroendocrine responses and enhance immune function (Cohen, 2004; Uchino 

et al., 1996). However, the link between received support and health has been less consistent 

and dependent on other contextual factors (e.g., responsiveness of the received support, 

Uchino, 2009).

Importantly, social support has been shown to predict biological processes that influence 

telomere length. Social support has been associated with lower levels of blood pressure, 

cardiovascular reactivity (Steptoe et al., 2000), lower plasma and urinary catecholamine 

levels (Grewen et al., 2005), lower overall cortisol levels (Rosal et al., 2004), and better 

immune function (Yang et al., 2014). In addition, Uchino et al. (2018) found, in their 

meta-analysis of 41 studies, that social support and social integration were significant 

predictors of lower inflammation with little to no evidence for bias. Because increased 

inflammation due to stress has been associated with shorter telomeres (Yen and Lung, 2013), 

and social support has been seen as a buffer to the harmful stress reactions by decreasing 

negative cardiovascular and neuroendocrine reactivity during stressful situations, researchers 

have previously hypothesized a relationship between telomere length and such psychosocial 

processes (Epel et al., 2004; Lin et al., 2012; Puterman et al., 2015; Shalev et al., 2013). 

These studies have also shown that low social support and negative social interactions with 

family members and racial discrimination (Chae et al., 2020) are correlated with shorter 

telomere length.

In one of the only meta-analyses that included relationship measures, Pepper et al. (2018) 

examined 138 studies using telomeres as an outcome in relation to physical disease, 

environmental hazard, nutrition (poorer), psychiatric illness, smoking, alcohol, sleep, 

physical activity (less), psychosocial, parental care, and socioeconomic status. These factors 

were shown to have associations with telomere length, but due to inconsistency in the 

methods and the smaller sample size in psychosocial studies, their results could not be 

determined conclusively (Pepper et al., 2018). In addition, exploratory analyses focusing 

on social networks found no evidence for an association. However, this meta-analysis 

mostly examined simple measures of social networks which are weaker predictors of health 

compared to perceived social support (Holt-Lunstad et al., 2010).

Since the review by Pepper and colleagues (2018), there have been a number of studies that 

have examined perceived support and telomere length. For instance, Stein and colleagues 

(2018b) utilized a sample of war veterans and found perceived support to be significantly 

related to longer telomeres. However, a large sample from the Health and Retirement Study 
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(HRS) showed no significant link between perceived support and telomere length (Lincoln 

et al., 2019). In fact, many studies in the area appear to show only small effect sizes (often 

not significant) linking social support to telomeres (e.g., Cabeza de baca et al., 2020; Hill 

et al., 2016). Thus, the main aim of this review is to examine the meta-analytic association 

between social support and telomeres given the apparent inconsistencies in the literature.

Potential moderators

A secondary aim was to test several potential moderators of the link between social 

support and telomere length based on theory. A potential moderator is the different 

operationalizations of social support (Cohen et al., 1985) as perceived support reflects an 

individual’s perception of the access to support whereas received support is the actual 

support received during a certain time frame (Wills et al., 2000). The distinction is 

significant because the perception of support has been consistently related to better health 

outcomes (Uchino, 2009). On the other hand, received support has variable links to health as 

it can be viewed as intrusive and threaten one’s sense of independence (Bolger & Amarel, 

2007). Thus, perceived support should be more strongly related to telomeres compared to 

received support. A second potential moderator is the health status of the sample which can 

inform what stage of the disease process social support might be operating. Does social 

support influence the development of chronic conditions or does it mostly play a protective 

role once one has a chronic condition and the need for support is high (Uchino, 2009)? For 

instance, perceived support has been observed to be the more stable measure of support over 

time (even when social circumstances change) and has been linked to reports of parental 

support and warmth (Sarason et al., 1986; Shaw et al., 2004). Because of this stability, 

perceived support could influence the development of chronic conditions that take decades 

to become clinically significant and hence should also be beneficial in healthy samples 

compared to received support that might be unhelpful during certain contexts.

Method

The review protocol used in this meta-analysis is detailed below and followed the updated 

PRISMA guidelines (Page et al., 2021). A literature search was first conducted using 

the major databases of PsycInfo, Medline, and the Psychology and Behavioral Sciences 

Collection by crossing the exact keywords of “social support and telomere”, “perceived 

support and telomere”, social relationships and telomere”, “social support and cellular 

aging”, and “social relationships and cellular aging.” This search was run up to September 

of 2021 and identified 79 records, with 69 remaining after duplicates were removed (see Fig. 

1). Thirty-nine records were excluded after abstract review as they were reviews, they had no 

support measure documented, or were nonhuman studies. Of the remaining 30 records, 12 

were excluded for various reasons, such as no direct measure of support, or the studies did 

not measure telomeres. In addition, the first authors of 3 paper that appeared to have the data 

to test the main effect of social support on telomeres were contacted. One author replied and 

provided the requested information (Beach et al., 2014) which resulted in a final sample of 

18 published studies in the meta-analysis. However, only 17 effect sizes were entered as 2 

publications were averaged as they used the same sample but different measures of support 

(Stein et al., 2018a, b).
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Analysis plan and data extraction

Major details regarding studies (e.g., sample, population, outcomes) were first characterized 

and examined in tabular form. Both authors verified the accuracy of the details listed 

in the table that was subsequently also used in the moderator analyses. The subsequent 

meta-analysis was performed using a commercially available software package (MetaWin 

V2.1, Rosenberg et al., 2000). These analyses were based on a random effects model 

that assumes effect sizes vary across studies so that broader inferences can be made 

(Borenstein et al., 2009). To reduce the problem of nonindependence in omnibus analyses, 

when multiple assessments were reported (e.g., separate analyses for subgroups) they 

were first transformed to a common metric (i.e., z-scores), averaged, then entered into 

the meta-analysis. Correlation coefficients (r) were used as the common metric for data 

entry. When correlations were not presented, measures of effect size were converted to r 
values. Standardized regression weights were converted using the formula r = β + 0.05 λ, 

(Peterson & Brown, 2005). When p-values were the only source of data, they were 

transformed using the equation r = z
N  based on the one-tailed z-score. Results reported 

as nonsignificant utilized a significance level of 0.50 (Borenstein et al., 2009). Publication 

bias for the omnibus meta-analysis was examined at the outcome level by calculating a 

funnel plot, Kendall’s Tau, and the fail-safe n. Meta-regressions were performed to examine 

the type support measure and sample as moderators. Finally, certainty assessments were 

based on GRADE (Guyatt et al., 2008) and rated by both authors. As recommended for 

observational studies, the rating started at “low quality” and was adjusted based on the 

GRADE criteria.

Results

Overview of studies

The main characteristics of these studies are shown in Table 1. In total 11,616 participants 

were included in the meta-analysis. Almost half of these studies included a mixed sample 

of clinical and non-clinical participants (47%). Seven studies were non-clinical samples 

(41%), while only 2 studies were strictly clinical samples (12%). In addition, fourteen of the 

studies measured perceived support while two studies combined both perceived and received 

support into an index. One study (Chmelar et al., 2017) was excluded in the moderator 

analysis as it was the only study that exclusively measured received support.

Across all 17 studies, higher social support was not significantly related to longer telomere 

length (Zr = 0.010, 95% CI [− 0.028, 0.047], p > 0.05). The confidence interval indicated 

that the bulk of plausible values were small to null associations. Effect sizes ranged from 

Zr = − 0.18 to Zr = 0.38 and the test of heterogeneity was marginally significant (Q(16) = 

25.3, p = 0.065). To examine the possibility of bias, a funnel plot of effect sizes as a function 

of sample size was plotted. It should show a roughly symmetric funnel plot that varies with 

increasing samples sizes (Rosenberg et al., 2000). As shown in Fig. 2, this pattern was 

roughly obtained suggesting no bias in the results. A direct test of the association between 

effect sizes and sample sizes revealed a non-significant link (Kendall’s Tau = − 0.265, p = 
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0.14) consistent with little bias. Thus, the evidence for an association between social support 

and telomere length appears weak.

Based on these data, the two authors provided a rating of the certainty of evidence based 

on the GRADE criteria (Guyatt et al., 2008). The meta-analysis was based on observational 

studies so the rating started on low quality and was adjusted based on the available evidence 

(e.g., bias, precision, magnitude of effect). Due to the small effect size, inconsistency of 

the effect sizes across studies, and little evidence of bias, both authors agreed that the final 

rating was low quality which means that the true effect size might be markedly different 

from the estimated effect (Guyatt et al., 2008). Thus, the evidence for an association 

between social support and telomere length is weak.

Moderator analyses

The above analyses suggest uncertainty in the association between telomere length and 

social support. Moderator analyses were conducted to examine if effect sizes varied as a 

function of the a priori moderators. It is possible that effect sizes for perceived support 

might be larger given the prior epidemiological literature (Holt-Lunstad et al., 2010). For 

studies examining only perceived support the effect size was not significant (Zr = 0.003, 

95% CI [− 0.041, 0.047) whereas for studies examining a combined index of perceived and 

received support the effect was also not significant (Zr = 0.074, 95% CI [− 0.588, 0.735]). 

The test of the moderator effect was not significant (Q(1) = 1.58, p = 0.21). Of course, these 

analyses are limited by the lack of studies examining only measures of received support. 

It is also possible that effect sizes might differ based on whether the sample was clinical, 

nonclinical, or mixed (i.e., both clinical/nonclinical). Seven studies were determined to be 

non-clinical samples. The effect size for this group was Zr = 0.02 (95% CI [− 0.065, 0.105), 

while the effect size for mixed samples was similar at Zr = 0.005 (95% CI [− 0.061, 0.071]). 

The effect size for the strictly clinical sample was also small at Zr = 0.024 with a wide 

confidence interval as only 2 studies were in this category (95% CI [− 0.710, 0.758]). The 

difference between these effect sizes was not significant (Q(2) = 0.15, p = 0.93).

Finally, we examined several post hoc methodological moderators that might influence 

the link between social support and telomeres given the lack of an association. The first 

was the age of the sample as telomeres shorten with age (Blackburn, 1991). There was a 

clear separation in ages so we coded articles as using a sample with an average age less 

than 30 (4 studies) in comparison to studies using an average age over 30 (13 studies, 

analyses treating age as a continuous variable produced similar results). Although not 

significantly different (p = 0.48), studies with younger participants showed a negative 

association between social support and telomere length, Zr = − 0.025 (95% CI [− 0.19, 

0.14]), whereas studies with relatively older participants showed a positive association 

between social support and telomere length, Zr = 0.014 (95% CI [− 0.03, 0.06]). The 

second methodological moderator was the specimen sample used to extract telomeres given 

differences in measurement (Lin et al., 2019). Most of the studies examined telomeres from 

blood but 3 studies examined salivary specimens. Effect sizes between social support and 

telomere length were comparable (p = 0.76) for both blood, Zr = 0.014 (95% CI [− 0.03, 

0.06]), and saliva, Zr = 0.001 (95% CI [− 0.16, 0.17]). Finally, we examined if the gender 
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composition of the sample could explain variability in the effect sizes given that women 

might have longer telomeres compared to men (Gardner et al., 2014). For these analyses 

we calculated the percentage of the sample that were women and entered it as a continuous 

predictor. The gender composition of the sample did not moderate the link between social 

support and telomere length (p = 0.16).

Discussion

The main aim of this review was to examine if there was evidence for a meta-analytic 

link between social support and telomere length that could explain associations to broad-

based health outcomes. A secondary aim was to examine if the type of support measure 

or health of the sample moderated any associations given its theoretical importance. The 

review showed virtually no correlation between social support and telomere length based off 

the 17 studies included, and analyses revealed no evidence for moderation (theoretical or 

methodological) although some categories had a relatively small number of studies. There 

was also little evidence for bias in the review. These results suggest that currently there is 

an undetermined and possibly null association between social support and telomere length 

although more studies might be needed to more accurately characterize the associated effect 

size between social support and telomeres.

Though our data showed no association, there were several limitations that need discussion. 

The first limitation would be that the number of studies wasn’t large and hence a less 

reliable estimate of the relationship between telomeres and social support. In addition, while 

lifestyle choices and environment factors during adult life can alter the length of telomere’s, 

Benetos et al. (2013) found that those effects are modest compared to the effects of telomere 

regeneration during growth and development. This suggests that any observed effect sizes 

are likely to be very small which would require a larger number of studies to detect. It is 

worth noting that the largest studies in this literature had effect sizes that clustered around 

zero (see Fig. 2).

It is also important to note that the enzyme telomerase plays an important role in telomere 

maintenance and regeneration (Effros, 2011). Only one study in this meta-analysis measured 

both telomeres and telomerase (Zalli et al., 2014). They found that the short telomere group 

with high telomerase activity had the lowest levels of social support (Zalli et al., 2014). 

Although the results are complicated, future work should also examine telomerase given its 

well-established role in telomere regeneration and work showing that positive psychosocial 

factors might increase telomerase activity (e.g., mindfulness, Schutte & Malouff, 2014).

Our post hoc moderation analyses addressed several salient methodological issues that might 

have obscured an association between social support and telomeres. That is, age, specimen 

type, and gender did not appear to moderate the findings, albeit the small number of studies 

in some categories notwithstanding. However, there are a number of other methodological 

issues that are difficult to separate in the current set of studies including protocol variations 

in measurement related to quantitative PCR (qPCR, Lin et al., 2019). Future research will 

be needed to determine the impact of such methodological differences in evaluating links 

between psychosocial processes and telomere length.

Montoya and Uchino Page 7

J Behav Med. Author manuscript; available in PMC 2024 September 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Social support having an impact on health is widely accepted among social scientists (also 

see Berkman, 1995; Berkman and Glass, 2000; Cohen, 2004; Volgi et al., 2007; House et al., 

1988; Uchino, 2004; Uchino et al., 2001). These results currently argue against telomeres 

as a viable biological pathway given the current state of the literature. Social support 

has been linked in meta-analyses to other biological pathways including inflammation and 

cardiovascular reactivity (Teoh & Hilmert, 2018; Uchino et al., 2018). However, there are 

some additional considerations based on the support literature that might guide future work 

in the area. One important issue is the source of the support, as well as the quality of that 

relationship which could be differentially related to telomere length (Barger and Cribbet, 

2016; Uchino et al., 2012a; Lincoln et al., 2019; Mitchell et al., 2018). For instance, family 

members might be more important as sources of support compared to other relationships 

(e.g., friends) especially in more collective cultures (Shor et al., 2013). Besides general 

perceptions of support, future research should focus on specific relationships as well as 

measures of received support.

It is also important to discuss that not all relationships are uniformly positive. Negativity in 

relationships is also important to examine. Positivity in relationships broadly refers to the 

interpersonal process that take place in successful relationships (Uchino, 2004). In contrast, 

relationship negativity refers to the events in one’s social network that may involve conflict, 

apathy, and interference that can be detrimental to relationships (Brooks & Dunkel Schetter, 

2011). In addition, ambivalence in relationships is conceptualized as a network member 

who is a source of both positivity and negativity (Uchino et al., 2012). Illustrating the 

value of more complex assessments, Uchino et al. (2012a) found that ambivalence toward 

parents predicted shorter telomere length in a community sample. Ambivalent ties have also 

been linked to higher inflammation and blood pressure which can impact telomere length 

(Birmingham et al., 2009; Holt-Lunstad et al., 2003; Uchino et al., 2013). Future studies 

examining more nuanced operationalizations of relationship and social support could prove 

to be helpful.

In summary our results showed no significant relationship between social support and 

telomere length. Future research will be needed to address the limitations of this review 

including the relatively small number of studies, additional moderators, and different 

sources/operationalizations of relationships. Until then, the search for general biological 

mechanisms linking social support to broad-based mortality will continue, with the strongest 

evidence so far being its links to inflammatory processes.

Funding

This research was supported by Grant No. R01HL137606 from the National Heart, Lung, and Blood Institute (PI: 
Bert N. Uchino).

Availability of data and materials

The authors have full control of all primary data and agree to allow the journal to review the 

data if requested.

Montoya and Uchino Page 8

J Behav Med. Author manuscript; available in PMC 2024 September 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



References

Ahwal Al., Al Zaben F, Sehlo MG, Khalifa DA, & Koenig HG (2018). Religiosity and telomere 
length in colorectal cancer patients in Saudi Arabia. Journal of Religion and Health, 57, 672–682. 
10.1007/s10943-017-0542-6 [PubMed: 29299784] 

Aschbacher K, O’Donovan A, Wolkowitz OM, Dhabhar FS, Su Y, & Epel E (2013). Good stress, bad 
stress and oxidative stress: Insights from anticipatory cortisol reactivity. Psychoneuroendocrinology, 
38, 1698–1708. [PubMed: 23490070] 

Barger SD, & Cribbet MR (2016). Social support sources matter: Increased cellular aging 
among adults with unsupportive spouses. Biological Psychology, 115, 43–49. 10.1016/
j.biopsycho.2016.01.003 [PubMed: 26780266] 

Beach SR, Lei MK, Brody GH, Yu T, & Philibert RA (2014). Nonsupportive parenting affects 
telomere length in young adulthood among African Americans: Mediation through substance use. 
Journal of Family Psychology, 28, 967–972. 10.1037/fam0000039 [PubMed: 25485673] 

Benetos A, Kark JD, Susser E, Kimura M, Sinnreich R, Chen W, Steenstrup T, Christensen K, Herbig 
U, von Bornemann Hjelmborg J, Srinivasan SR, Berenson GS, Labat C, & Aviv A (2013). Tracking 
and fixed ranking of leukocyte telomere length across the adult life course. Aging Cell, 12, 615–
621. 10.1111/acel.12086 [PubMed: 23601089] 

Berkman LF (1995). The role of social relations in health promotion. Psychosomatic Medicine, 57, 
245–254. [PubMed: 7652125] 

Berkman LF, & Glass T (2000). Social integration, social networks, social support, and health. Social 
Epidemiology, 1, 137–173.

Berkman LF, Leo-Summers L, & Horwitz RI (1992). Emotional support and survival after myocardial 
infarction: A prospective, population-based study of the elderly. Annals of Internal Medicine, 117, 
1003–1009. [PubMed: 1443968] 

Birmingham W, Uchino BN, Smith TW, Light KC, & Sanbonmatsu DM (2009). Social ties and 
cardiovascular function: An examination of relationship positivity and negativity during stress. 
International Journal of Psychophysiology, 74, 114–119. 10.1016/j.ijpsycho.2009.08.002 [PubMed: 
19682506] 

Blackburn EH (1991). Structure and function of telomeres. Nature, 250, 569–573.

Blazer DG (1982). Social support and mortality in an elderly community population. American Journal 
of Epidemiology, 115, 684–694. [PubMed: 7081200] 

Bolger N, & Amarel D (2007). Effects of social support visibility on adjustment to stress: 
Experimental evidence. Journal of Personality and Social Psychology, 92, 458–475. [PubMed: 
17352603] 

Borenstein M, Hedges LV, Higgins JP, & Rothstein HR (2009). Introduction to meta-analysis. Wiley.

Brooks KP, & Dunkel Schetter C (2011). Social negativity and health: Conceptual and measurement 
issues. Social and Personality Psychology Compass, 5, 904–918.

Brummett BH, Barefoot JC, Siegler IC, Clapp-Channing NE, Lytle BL, Bosworth HB, Williams 
RB Jr., & Mark DB (2001). Characteristics of socially isolated patients with coronary artery 
disease who are at elevated risk for mortality. Psychosomatic Medicine, 63, 267–272. [PubMed: 
11292274] 

Cabeza de Baca T, Prather AA, Lin J, Sternfeld B, Adler N, Epel ES, & Puterman E (2020). Chronic 
psychosocial and financial burden accelerates 5-year telomere shortening: Findings from the 
Coronary Artery Risk Development in Young Adults Study. Molecular Psychiatry, 25, 1141–1153. 
10.1038/s41380-019-0482-5 [PubMed: 31455861] 

Carroll JE, Diez Roux AV, Fitzpatrick AL, & Seeman T (2013). Low social support is associated with 
shorter leukocyte telomere length in late life: Multi-ethnic study of atherosclerosis. Psychosomatic 
Medicine, 75, 171–177. 10.1097/PSY.0b013e31828233bf [PubMed: 23370895] 

Cawthon RM, Smith KR, O’Brien E, Sivatchenko A, & Kerber RA (2003). Association between 
telomere length in blood and mortality in people aged 60 years or old. Lancet, 361, 393–395. 
[PubMed: 12573379] 

Chae DH, Wang Y, Martz CD, Slopen N, Yip T, Adler NE, Fuller-Rowell TE, Lin J, Matthews 
KA, Brody GH, Spears EC, Puterman E, & Epel ES (2020). Racial discrimination and telomere 

Montoya and Uchino Page 9

J Behav Med. Author manuscript; available in PMC 2024 September 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



shortening among African Americans: The Coronary Artery Risk Development in Young Adults 
(CARDIA) Study. Health Psychology, 39, 209. [PubMed: 31928029] 

Chida Y, & Steptoe A (2010). Greater cardiovascular responses to laboratory mental stress are 
associated with poor subsequent cardiovascular risk status. Hypertension, 55, 1026–1032. 10.1161/
HYPERTENSIONAHA.109.146621 [PubMed: 20194301] 

Chmelar C, Jörres RA, Kronseder A, Müller A, Nowak D, & Weigl M (2017). Associations between 
age, psychosocial work conditions, occupational well-being, and telomere length in geriatric care 
professionals: A mixed-methods study. Journal of Occupational and Environmental Medicine, 59, 
949–955. 10.1097/JOM.0000000000001102 [PubMed: 28697059] 

Cohen S, Mermelstein R, Kamarck T, & Hoberman HM (1985). Measuring the functional components 
of social support. In Social support: Theory, research and applications (pp. 73–94). Springer.

Cohen S. (2004). Social relationships and health. American Psychologist, 59, 676–684. [PubMed: 
15554821] 

De Vogli R, Chandola T, & Marmot MG (2007). Negative aspects of close relationships and heart 
disease. Archives of Internal Medicine, 167, 1951–1957. [PubMed: 17923594] 

Effros RB (2011). Telomere/telomerase dynamics within the human immune system: Effects of 
chronic infection and stress. Experimental Gerontology, 46, 135–140. [PubMed: 20833238] 

Epel ES, Blackburn EH, Lin J, Dhabhar FS, Adler NE, Morrow JD, & Cawthon RM (2004). 
Accelerated telomere shortening in response to life stress. Proceedings of the National Academy of 
Sciences, 101, 17312–17315.

Fordyce CA, Heaphy CM, Joste NE, Smith AY, Hunt WC, & Griffith JK (2005). Association between 
cancer-free survival and telomere DNA content in prostate tumors. The Journal of Urology, 173, 
610–614. [PubMed: 15643274] 

Gardner M, Bann D, Wiley L, Cooper R, Hardy R, et al. (2014). Gender and telomere length: 
Systematic review and meta-analysis. Experimental Gerontology, 51, 15–27. [PubMed: 24365661] 

Gerin W, Pieper C, Levy R, & Pickering TG (1992). Social support in social interaction: Moderator of 
cardiovascular reactivity. Psychosomatic Medicine, 54, 324–336. [PubMed: 1620808] 

Grewen KM, Girdler SS, Amico J, & Light KC (2005). Effects of partner support on resting oxytocin, 
cortisol, norepinephrine, and blood pressure before and after warm partner contact. Psychosomatic 
Medicine, 67, 531–538. [PubMed: 16046364] 

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, & Schünemann HJ (2008). 
GRADE: An emerging consensus on rating quality of evidence and strength of recommendations. 
BMJ, 336(7650), 924–926. 10.1136/bmj.39489.470347.ad [PubMed: 18436948] 

Hailu EM, Needham BL, Lewis TT, Lin J, Seeman TE, Roux AD, & Mujahid MS (2020). 
Discrimination, social support, and telomere length: The Multi-Ethnic Study of Atherosclerosis 
(MESA). Annals of Epidemiology, 42, 58–63.e2. 10.1016/j.annepidem.2019.12.009 [PubMed: 
32070634] 

Hill TD, Ellison CG, Burdette AM, Taylor J, & Friedman KL (2016). Dimensions of religious 
involvement and leukocyte telomere length. Social Science and Medicine, 163, 168–175. 10.1016/
j.socscimed.2016.04.032 [PubMed: 27174242] 

Holt-Lunstad J, Smith TB, & Layton JB (2010). Social relationships and mortality risk: A meta-
analytic review. PLoS ONE Medicine, 7, e1000316.

Holt-Lunstad J, Uchino BN, Smith TW, Olson-Cerny C, & Nealey-Moore JB (2003). Social 
relationships and ambulatory blood pressure: Structural and qualitative predictors of 
cardiovascular function during everyday social interactions. Health Psychology, 22, 388–397. 
10.1037/0278-6133.22.4.388 [PubMed: 12940395] 

House JS, Landis KR, & Umberson D (1988). Social relationships and health. Science, 241, 540–545. 
[PubMed: 3399889] 

Kawachi I, & Berkman LF (2001). Social ties and mental health. Journal of Urban Health: Bulletin of 
the New York Academy of Medicine, 78, 458–467. [PubMed: 11564849] 

Koenig HG, Nelson B, Shaw SF, Saxena S, & Cohen HJ (2016). Religious involvement and telomere 
length in women family caregivers. Journal of Nervous and Mental Disease, 204, 36–42. 10.1097/
NMD.0000000000000443 [PubMed: 26669979] 

Montoya and Uchino Page 10

J Behav Med. Author manuscript; available in PMC 2024 September 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Krauss J, Farzaneh-Far R, Puterman E, Na B, Lin J, Epel E, Blackburn E, & Whooley MA (2011). 
Physical fitness and telomere length in patients with coronary heart disease: Findings from the 
Heart and Soul Study. PLoS ONE, 6, e26983. [PubMed: 22096513] 

Lin J, Epel E, & Blackburn E (2012). Telomeres and lifestyle factors: Roles in cellular aging. Mutation 
Research/Fundamental and Molecular Mechanisms of Mutagenesis, 730(1–2), 85–89. [PubMed: 
21878343] 

Lin J, Smith DL, Esteves K, & Drury S (2019). Telomere length measurement by qPCR—Summary of 
critical factors and recommendations for assay design. Psychoneuroendocrinology, 99, 271–278. 
10.1016/j.psyneuen.2018.10.005 [PubMed: 30343983] 

Lincoln KD, Lloyd DA, & Nguyen AW (2019). Social relationships and salivary telomere length 
among middle-aged and older African American and white adults. Journals of Gerontology: Series 
B Psychological Sciences and Social Sciences, 74, 1053–1061. 10.1093/geronb/gbx049 [PubMed: 
28486613] 

Manczak EM, & Gotlib IH (2020). Relational victimization and telomere length in adolescent girls. 
Journal of Research on Adolescence, 30(S1), 39–45. 10.1111/jora.12447 [PubMed: 30133038] 

Mathur MB, Epel E, Kind S, Desai M, Parks CG, Sandler DP, & Khazeni N (2016). Perceived stress 
and telomere length: A systematic review, meta-analysis, and methodologic considerations for 
advancing the field. Brain, Behavior, and Immunity, 54, 158–169. [PubMed: 26853993] 

Mitchell AM, Kowalsky JM, Epel ES, Lin J, & Christian LM (2018). Childhood adversity, social 
support, and telomere length among perinatal women. Psychoneuroendocrinology, 87, 43–52. 
10.1016/j.psyneuen.2017.10.003 [PubMed: 29035711] 

Page MJ, McKenzie JE, Bossuyt PM, Boutron I et al. (2021). The PRISMA 2020 statement: An 
updated guideline for reporting systematic reviews. BMJ, 372, n71. [PubMed: 33782057] 

Pepper GV, Bateson M, & Nettle D (2018). Telomeres as integrative markers of exposure to stress 
and adversity: A systematic review and meta-analysis. Royal Society Open Science, 5, 180744. 
[PubMed: 30225068] 

Peterson RA, & Brown SP (2005). On the use of beta coefficients in meta-analysis. The Journal of 
Applied Psychology, 90, 175–181. 10.1037/0021-9010.90.L175 [PubMed: 15641898] 

Pickering TG, Shimbo D, & Haas D (2006). Ambulatory blood pressure monitoring. New England 
Journal of Medicine, 354, 2368–2374. 10.1056/NEJMra060433 [PubMed: 16738273] 

Puterman E, Lin J, Krauss J, Blackburn EH, & Epel ES (2015). Determinants of telomere attrition 
over 1 year in healthy older women: Stress and health behaviors matter. Molecular Psychiatry, 20, 
529–535. [PubMed: 25070535] 

Rosal MC, King J, Ma Y, & Reed GW (2004). Stress, social support, and cortisol: Inverse 
associations? Behavioral Medicine, 30, 11–22. [PubMed: 15473629] 

Rosenberg MS, Adams DC, & Gurevitch J (2000). MetaWin: Statistial software for meta analysis. 
Sinauer Associates.

Sarason IG, Sarason BR, & Shearin EN (1986). Social support as an individual difference variable: 
Its stability, origins, and relational aspects. Journal of Personality and Social Psychology, 50, 
845–855.

Schutte NS, & Malouff JM (2014). A meta-analytic review of the effects of mindfulness meditation on 
telomerase activity. Psychoneuroendocrinology, 42, 45–48. [PubMed: 24636500] 

Shalev I, Entringer S, Wadhwa PD, Wolkowitz OM, Puterman E, Lin J, & Epel ES (2013). Stress and 
telomere biology: A lifespan perspective. Psychoneuroendocrinology, 38, 1835–1842. [PubMed: 
23639252] 

Shaw BA, Krause N, Chatters LM, Connell CM, & Ingersoll-Dayton B (2004). Emotional support 
from parents early in life, aging, and health. Psychology and Aging, 19, 4. [PubMed: 15065927] 

Shor E, Roelfs DJ, & Yogev T (2013). The strength of family ties: A meta-analysis and meta 
regression of self-reported social support and mortality. Social Networks, 35, 626–638.

Sosnowski DW, Kliewer W, York TP, Amstadter AB, Jackson-Cook CK, & Winter MA (2019). 
Familial support following childhood sexual abuse is associated with longer telomere length 
in adult females. Journal of Behavioral Medicine, 42, 911–923. 10.1007/s10865-019-00014-7 
[PubMed: 30671916] 

Montoya and Uchino Page 11

J Behav Med. Author manuscript; available in PMC 2024 September 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Spyridopoulos I, Hoffmann J, Aicher A, Brümmendorf TH, Doerr HW, Zeiher AM, & Dimmeler S 
(2009). Accelerated telomere shortening in leukocyte subpopulations of patients with coronary 
heart disease: Role of cytomegalovirus seropositivity. Circulation, 120, 1364–1372. [PubMed: 
19770396] 

Stein JY, Levin Y, Lahav Y, Uziel O, Abumock H, & Solomon Z (2018a). Perceived social support, 
loneliness, and later life telomere length following wartime captivity. Health Psychology, 37, 
1067–1076. [PubMed: 30198739] 

Stein JY, Levin Y, Uziel O, Abumock H, & Solomon Z (2018b). Traumatic stress and cellular 
senescence: The role of war-captivity and homecoming stressors in later life telomere length. 
Journal of Affective Disorders, 238, 129–135. 10.1016/j.jad.2018.05.037 [PubMed: 29879607] 

Steptoe A, Lundwall K, & Cropley M (2000). Gender, family structure and cardiovascular activity 
during the working day and evening. Social Science and Medicine, 50, 531–539. [PubMed: 
10641805] 

Teoh AN, & Hilmert C (2018). Social support as a comfort or an encouragement: A systematic review 
on the contrasting effects of social support on cardiovascular reactivity. British Journal of Health 
Psychology, 23, 1040–1065. 10.1111/bjhp.12337 [PubMed: 30084181] 

Uchino BN (2004). Social support and physical health: Understanding the health consequences of our 
relationships. Yale University Press.

Uchino BN (2009). Understanding the links between social support and physical health: A life-span 
perspective with emphasis on the separability of perceived and received support. Perspectives on 
Psychological Science, 4, 236–255. [PubMed: 26158961] 

Uchino BN, Bosch JA, Smith TW, Carlisle M, Birmingham W, Bowen KS, Light KC, Heaney J, 
& O’Hartaigh B (2013). Relationships and cardiovascular risk: Perceived spousal ambivalence 
in specific relationship contexts and its links to inflammation. Health Psychology, 32, 1067. 
[PubMed: 23914811] 

Uchino BN, Cacioppo JT, & Kiecolt-Glaser JK (1996). The relationship between social support and 
physiological processes: A review with emphasis on underlying mechanisms and implications for 
health. Psychological Bulletin, 119, 488–531. [PubMed: 8668748] 

Uchino BN, Cawthon RM, Smith TW, Light KC, McKenzie J, Carlisle M, Gunn H, Birmingham 
W, & Bowen K (2012a). Social relationships and health: Is feeling positive, negative, or both 
(ambivalent) about your social ties related to telomeres? Health Psychology, 31, 789–796. 
10.1037/a0026836 [PubMed: 22229928] 

Uchino BN, Holt-Lunstad J, Uno D, & Flinders JB (2001). Heterogeneity in the social networks of 
young and older adults: Prediction of mental health and cardiovascular reactivity during acute 
stress. Journal of Behavioral Medicine, 24, 361–382. [PubMed: 11523333] 

Uchino BN, Trettevik R, Kent de Grey RG, Cronan S, Hogan J, & Baucom BRW (2018). Social 
support, social integration, and inflammatory cytokines: A meta-analysis. Health Psychology, 37, 
462–471. 10.1037/hea0000594 [PubMed: 29565600] 

Vaiserman A, & Krasnienkov D (2021). Telomere length as a marker of biological age: State of the art, 
open issues, and future perspectives. Frontiers in Genetics, 11, 630186. [PubMed: 33552142] 

Willeit P, Willeit J, Brandstatter A, Ehrlenbach S, Mayr A, Gas-peri A, Weger S, Oberhollenzer 
F, Reindl M, Kronenberg F, & Kiechl S (2010a). Cellular aging reflected by leukocyte 
telomere length predicts advanced atherosclerosis and cardiovascular disease risk. Arteriosclerosis, 
Thrombosis, and Vascular Biology, 30, 1649–1656. 10.1161/ATVBAHA.110.205492 [PubMed: 
20508208] 

Willeit PJ, Willeit J, Mayr A, Weger S, Oberhollenzer F, Brandstatter A, Kronenberg F, & Kiechl S 
(2010). Telomere length and risk of incident cancer and cancer mortality. Journal of the American 
Medical Association, 304, 69–75. 10.1001/jama.2010.897 [PubMed: 20606151] 

Wills TA, Gibbons FX, Gerrard M, & Brody GH (2000). Protection and vulnerability processes 
relevant for early onset of substance use: A test among African American children. Health 
Psychology, 19, 253. [PubMed: 10868770] 

Yang YC, Schorpp K, & Harris KM (2014). Social support, social strain and inflammation: Evidence 
from a national longitudinal study of US adults. Social Science & Medicine, 107, 124–135. 
[PubMed: 24607674] 

Montoya and Uchino Page 12

J Behav Med. Author manuscript; available in PMC 2024 September 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Yen YC, & Lung FW (2013). Older adults with higher income or marriage have longer telomeres. Age 
and Ageing, 42, 234–239. 10.1093/ageing/afs122 [PubMed: 22951603] 

Zalli A, Carvalho LA, Lin J, Hamer M, Erusalimsky JD, Blackburn EH, & Steptoe A (2014). Shorter 
telomeres with high telomerase activity are associated with raised allostatic load and impoverished 
psychosocial resources. Proceedings of the National Academy of Sciences, 111, 4519–4524. 
10.1073/pnas.1322145111

Montoya and Uchino Page 13

J Behav Med. Author manuscript; available in PMC 2024 September 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. 
Meta-analytic flow chart describing selection of studies
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Fig. 2. 
Funnel plot of effect sizes as a function of sample size
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