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A B S T R A C T

High-quality relationships have been shown to be beneficial for physical and mental health. This study examined
overall relationship satisfaction and perceived stress as well as daily reports of partner support, partner conflict,
and physical intimacy obtained over the course of one week in a sample of 129 high and low stress mothers.
Telomere length was examined in whole blood, as well as the two cell subpopulations: peripheral blood
mononuclear cells (PBMCs) and granulocytes. Telomerase activity was measured in PBMCs. Analyses revealed
no statistically significant associations of telomere length with current relationship satisfaction, daily support or
conflict, or perceived stress. In contrast, women who reported any sexual intimacy during the course of the week
had significantly longer telomeres measured in whole blood and PBMCs, but not in granulocytes. These
relationships held covarying for age, body mass index, perceived stress, the relationship indices, and caregiver
status. Sexual intimacy was not significantly related to PBMC telomerase activity. These data provide
preliminary data that sexual intimacy is associated with longer telomere length. Future studies investigating
these associations are warranted.

1. Introduction

High-quality intimate relationships are good for health. A recent
meta-analysis found that better physical functioning and longevity is
present in adults who report greater relationship quality (Robles et al.,
2014). Research further suggests that social support from high-quality
relationships may be the protective mechanism against mortality (Holt-
Lunstad et al., 2010). Similarly, frequency of sexual intimacy for
individuals in relationships has been linked to greater mental and
physical health outcomes, such as more general happiness and greater
life satisfaction (Muise et al., 2016), greater heart variability (Costa and
Brody, 2012), lower daily somatic symptoms (Stadler et al., 2012),
reduced daily diurnal cortisol (Ditzen et al., 2008), and a more robust
immune response (Charnetski and Brennan, 2004). However, to date,
no studies have examined biomarkers of long-term health status such as
telomere length. Telomere length indicates the replicative potential of
the immune system and has emerged as a robust marker for risk of
diseases of aging (Blackburn et al., 2015).

1.1. Telomere length and relationships

Telomeres are repeated nucleoprotein sequences (TTAGGG) that
provide protection against replication and degradation in DNA material
by stabilizing the ends of chromosomes (Chan and Blackburn, 2004).
Through normative chronological aging, repeated cellular replication,
and/or pervasive exposure to stress, telomere length decreases, produ-
cing cellular apoptosis or physiological senescence in the organism
(Franceschi et al., 2000). In order to combat these decreases in telomere
length, cells produce the enzyme telomerase (Chan and Blackburn,
2004), which maintains the telomere by adding nucleoprotein se-
quences to telomeres (Blackburn, 2005). Shorter telomere length
prospectively predicts early morbidity (Brouilette et al., 2007;
Demissie et al., 2006) and mortality (Cawthon et al., 2003).

Social support and positive relationships may slow the rate of
telomere attrition; however, this has been rarely studied. Preliminary
evidence suggests that higher social support is associated with longer
telomere length in a sample of older adults (Carroll et al., 2013).
Additionally, ambivalent relationships, characterized by both high
positivity and high negativity, have been related to shorter telomere
length (Uchino et al., 2012). This may suggest that one way in which
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lower-quality relationships affect health is through an influence on
telomeres. Partner status is also associated with telomere length
(Mainous et al., 2011; Yen, 2013). Compared to married/never married
individuals, divorced/separated individuals show shorter telomeres,
when controlling for sociodemographic and health confounds
(Whisman et al., 2016). Lastly, no studies have examined associations
between romantic relationships with telomerase activity.

1.2. Current study

The present study was a preliminary examination to ascertain
whether relationship quality indices (satisfaction, weekly interactions)
and sexual intimacy were associated with telomere length and telomer-
ase activity in a sample of healthy high and low stress mothers. Based
on the previous literature, we hypothesized that greater relationship
quality and the presence of sexual intimacy would be associated with
longer telomere length and lower telomerase activity.

2. Method

2.1. Participants and procedure

The present sample was a subset derived from the Stress, Aging, and
Emotions (SAGE) study, which was designed to longitudinally investi-
gate parental stress in women raising children with autism spectrum
disorder and women raising neurotypical children. For detailed infor-
mation on this sample, see Prather et al., 2015. Analyses were
performed on 129 heterosexual women who were currently in a
relationship (married/partnered) and had available data on telomere
length. Study participants were recruited via social and print media
within the San Francisco Bay area. In order to participate, women had
to be between the ages of 20 and 50 years with at least one child
between 2 and 16 years old. Women classified as high-stress maternal
caregivers had a child diagnosed with an autism spectrum disorder and
reported a score of> 13 on the Perceived Stress Scale (PSS; Cohen and
Williamson, 1988). Low-Stress Maternal caregivers were caregivers of a
neurotypical child and scored< 19 on the PSS. Participants were
premenopausal and healthy, reporting no current or history of major
physical or mental disease.

Data collection was approved by the UCSF Institutional Review
Board and informed consent was obtained from all participants. Data
from the larger study were collected over 4 study time points (baseline,
+9 months, +18 months, and +24 months); however, this analysis
focuses exclusively on data from the +18 month time point as it
included data on relationship quality, recent sexual intimacy, and
concurrent measures of telomere length and telomerase activity. For
one week during the +18 month survey period, women were instructed
to complete morning and nightly diaries pertaining to stress, their
health (e.g., health behaviors, presence of illness symptom), and
relationship (positive and negative partner interactions). Sexual in-
timacy data were collected through a morning diary where women
were asked to indicate if they were sexually intimate the night before.
At the midpoint of this diary collection period, participants came to
clinic to complete psychosocial questionnaires and undergo fasting
blood draw, which was used to measure telomere length and telomerase
activity.

The data were screened for missingness prior to analysis (Schlomer
et al., 2010). There were eleven missing cases for whole blood telomere
length. The other telomere outcomes (PBMC, granulocyte, and telomer-
ase activity) all were missing one case. Missing cases on predictors
ranged from 6 cases for negative partner interactions to 1 for sexual
intimacy. We did not detect any significant differences between the
missing and non-missing groups.

2.2. Measures

2.2.1. Relationship quality
Relationship quality was assessed through two measures: (1) an

average relationship adjustment score on the Dyadic Adjustment Scale
(Spanier, 1976; Busby et al., 1995) and (2) a weekly aggregate of
reported positive and negative partner interactions from the nightly
diary questionnaire created for the study. The dyadic adjustment scale
(α= 0.88) is a 14-item short-form scale that indexes the level of
relationship functioning and adjustment between romantic couples. The
negative partner (α= 0.87; 6 items) and positive partner interaction
(α= 0.70; 3 items) subscales assessed the women’s positive and
negative interactions with their partner for the day. Example items
include “To what extent were you satisfied with your partner today”
and “to what extent did you experience tension with your partner
today?” The response range for both subscales was from 0 (not at all) to
100 (a lot).

2.2.2. Sexual intimacy
Sexual intimacy data were collected through the morning diary.

Every morning participants were asked to answer the following
question, “Did you have sexual relations last night?” indicating whether
or not they had been sexually intimate with their partner the night
prior. Reports were aggregated over the week and dichotomized as 0 for
no reported sexual activity in the week (N = 81) and 1 for any sexual
activity (N = 47) as recommended when there is limited variability in
frequency of positive responses (MacCallum et al., 2002).

2.2.3. Perceived stress
The 10-item version of the Perceived Stress Scale (α= 0.87; Cohen

and Williamson, 1988) was administered to assess feelings of being
overwhelmed, anxious, stressed, and not in control experienced over
the previous month. An example item from the scale was “How often
have you felt nervous or stressed?” Participants rated the frequency of
their experiences on a 5-point scale, from 0 (Never) to 4 (Very Often).
The items were averaged to yield a mean score.

2.2.4. Telomere length and telomerase activity
Telomere length was quantified in whole blood, peripheral blood

mononuclear cells (PBMCs), and granulocytes at the UCSF Blackburn
Laboratory. PBMCs were isolated from whole blood by Ficoll–Hypaque
density gradient centrifugation within 6 h of blood drawing, cryopre-
served in liquid nitrogen, and stored at −80 °C until assay. DNA was
purified in batches using the QIAamp® DNA Mini Kit (QIAGEN, Hilden,
Germany, Cat. Number 51104). Quantitative PCR procedures outlined
by Cawthon (2002) were used to assay telomere length. Eight DNA
samples were included in each run to control for interassay variability.
A normalizing factor was computed for each batch by dividing the T/S
ratio for each control DNA by the mean T/S for the same DNA at 10
runs. A mean normalizing factor was computed for the 8 samples as a
correction and used to get the final T/S ratio, which was measured
twice. If the duplicate T/S value varied by>7% than the initial value,
an extra sample was run and the closest values reported. Granuolcytes
were processed following Ficoll processing of PBMCs and the red blood
granuloctye pellet mixed with 3 vols of ACK lysis buffer (QIAGEN, cat
#158902) to lyse the red blood cells. The pellet was then incubated at
room temperature for 10 min with inversion every 2 min. Cells were
rinsed in PBS twice, pelleted, and stored at −80 °C until telomere
length quantification. Finally, PBMC telomerase activity was processed
with a commercial kit produced by Trapeze, Chemicon. Telomerase
repeat amplification protocol described by Kim and Wu (1997) was
used to obtain quantitative values for telomerase activity. There was no
skew or kurtosis on the outcomes except telomerase activity. Telomer-
ase activity was natural log-transformed to induce normality as
commonly seen with this measure.
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2.2.5. Covariates
The statistical models included confounders previously associated

with telomere length, such as baseline measures of chronological age
(in years), body mass index, caregiver status (0, low-stress caregiver; 1,
high-stress caregiver), and perceived stress. We additionally included
nightly diary week-summations of health behaviors (e.g., opportunities
to be physically active, eat healthy, and take time for one’s self) and
presence of illness symptoms (e.g., body/joint pain, headache, stoma-
chache, and nausea) as potential confounders of sexual intimacy.

2.3. Statistical analyses

Analyses were performed in SAS 9.3. Bivariate correlations between
study variables and telomere length were examined. Next, multiple
regression analyses were performed to examine whether relationship
quality and sexual intimacy predicted telomere length and PBMC
telomerase activity. Two regression models were computed for each
predictor and outcome. The first model was designed to account for
basic demographic and health covariates consistently associated with
telomere length and may potentially confound with sexual intimacy;
Model 1 included age, BMI, weekly health behaviors, illness symptoms,
and caregiver status. The second model included covariates from Model
1 as well as an additional adjustment for perceived stress; prior studies
indicate that perceived stress is a significant predictor of telomere
length irrespective of caregiver status (e.g., Epel et al., 2004). To
determine whether our measures of relationship quality and sexual
intimacy were independent predictors of telomere length and telomer-
ase activity, we computed additional models that simultaneously
included measures of relationship quality and sexual intimacy, along
with all model 2 covariates. In order to account for multicollinearity,
Variance Inflation Ratio (> 10) and Tolerance (< 1) were inspected for
the individual models and failed to detect multicollinearity. Statistical
significance was denoted by p< 0.05. Multiple regression models were
computed in Proc Calis, to handle missing data through Full Informa-
tion Maximum Likelihood (FIML) estimation modeling (Enders, 2006;
Schlomer et al., 2010).

3. Results

Table 1 presents demographic information and predictor means and
standard deviations for women who participated in the study. Of the
129 participants (aged 28–51; M= 42.26, SD = 4.83), 78.1% were
Caucasian, and 88.4% were college-educated. Table 2 displays bivariate
correlations between the predictors, covariates, and outcomes. Higher
levels of dyadic adjustment were associated with increased positive
partner interactions (r = 0.62) and decreased negative partner inter-
actions (r =−0.56). There was a negative association between positive
and negative partner interactions across the week (r= −0.75). Mea-
sures of telomere length were highly correlated (r range = 0.66–0.77).
Telomerase activity measured in PBMCs was not significantly corre-
lated with the telomere length measures. Table 3 displays the partial
correlations between our predictor variables and telomere and telomer-
ase activity, accounting for age. In this regard, measures of relationship
quality were largely unrelated to telomere length and telomerase
activity in study participants. However, recent sexual intimacy was
significantly associated with longer telomere length in whole blood
(r = 0.21, p = 0.03) and PBMCs (r= 0.30, p = 0.001) but not granu-
locytes(r = 0.10, p = 0.31) or with telomerase activity (r= −0.14,
p = 0.13).

In multivariate analyses, reports of sexual intimacy continued to be
associated with longer telomere length in whole blood and PBMCs,
adjusting for age, BMI, caregiver status, weekly health behaviors, and
weekly presence of illness symptoms, and perceived stress.
Furthermore, these associations remained significant after including
indices of relationship quality (relationship satisfaction and negative
partner interactions), shown in Table 4. Surprisingly, parameter

estimates for sexual intimacy varied very little between models 1–3
with the inclusion of other covariates. Models substituting positive
partner interactions in place of negative partner interactions yielded
similar results (data not shown). In contrast, our measures of relation-
ship satisfaction were not statistically related to telomere length. Please
see supplemental Table S1 for parameter estimates for all predictors
and covariates in models 3 for all outcomes.

4. Discussion

Telomere length tends to be shorter with chronic stress and longer
with positive health behaviors. Few studies have examined social
relationships and intimacy with telomere length. Here, indices of
relationship quality − relationship satisfaction and positive and
negative partner interactions − and sexual intimacy were examined
for their associations with telomere length and telomerase activity in
healthy women. Results showed no significant association between
relationship satisfaction and partner interactions with telomere length
or telomerase activity; however, recent sexual intimacy was positively
associated with whole blood and PBMC telomere length, remaining
significant when controlling for perceived stress and health character-
istics. Consistent with past findings, our results suggest positive
relationships confer a beneficial effect on health.

The mechanisms through which physical intimacy benefits health
are unknown. It may deliver these benefits by previously observed
effects of dampening stress response, such as decreasing daily salivary
cortisol, and buffering against workplace stressors (Ditzen et al., 2008).
Humans are social animals oriented toward fostering and maintaining
bonds with other individuals, particularly romantic partners for survi-
val and reproduction (Baumeister and Leary, 1995). Pair-bond main-
tenance within romantic relationships requires interpersonal coopera-
tion and satisfaction, but may include sexual intimacy to evoke
physiological changes that facilitate romantic attachment and pair-
bonding (Fletcher et al., 2015). Experimental evidence suggests neu-
roendocrine and immune changes following sexual activities. Arousal
and post-masturbatory orgasm in men increased proliferation of select
natural killer cells associated with innate immune response
(CD3 − CD16 + CD56+; Haake et al., 2004). Over time, the dynamics
and processes within relationships and its underlying physiological

Table 1
Sociodemographic Characteristics.

Total
Sample

Sage Grouping, %
Low-Stressed Caregivers 55.04
High-Stressed Caregivers 44.96

Baseline Age (in years), M (SD) 42.26(4.83)
Race, %

White 78.13
Black 4.69
Asian 9.38
Latino 7.03
Native American 0.78

Baseline Body Mass Index, M (SD) 24.98(4.78)
Education, %

High School 2.33
Some College 9.30
College+ 88.37

Health Behavior, M (SD) 12.60(3.75)
Illness Symptomology, M (SD) 3.13(3.01)
Perceived Stress Scale, M (SD) 1.79(0.54)
Relationship satisfaction, M (SD) 3.33(0.61)
Positive Partner interactions, M (SD) 67.43(13.83)
Negative Partner interactions, M (SD) 20.29(12.62)
Recent Sexual Intimacy, %
No 63.28
Yes 36.72
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consequences may positively or negatively impact long-term health
(Farrell and Simpson, 2017).

Oxytocin-release following sexual intimacy may be another poten-
tial mechanism of health maintenance in sexually-active and partnered
women. The neuropeptide hormone oxytocin has been documented to
modulate social behaviors between romantic partners and between
parents and their children by facilitating bonding and other vital
maternal behaviors like lactation (Campbell, 2008). Sexually intimate
behaviors and orgasm elicit increases in oxytocin (Coria-Avila et al.,
2016; Light et al., 2005; Robinson, 2015) that potentially foster a cycle
of social bonding via encoding of positive interactions (e.g., Guastella
et al., 2008). Mechanistically, oxytocin’s neurophysiological role in
sexual intimacy is plausible. Evidence in lactating mothers suggests that
increases in oxytocin primed by attachment thoughts decreases cortisol
(Krause et al., 2016). Similar mechanisms should exist in women for
romantic partners. Partnered women with lower circulating baseline
oxytocin had higher systolic and diastolic blood pressure compared to
partnered women with high circulating baseline oxytocin (Light et al.,
2005). These findings suggest that oxytocin plays a transactional role
with other key markers of the autonomic nervous system (Carter,
2014).Another consideration (see below) is that sexual intimacy is an
indicator of overall general health. Cardiometabolic risk factors im-
plicated in health deterioration and death have also been associated
with sexual dysfunction in women (Martelli et al., 2012; Ponholzer
et al., 2008). Limited blood flow or vascular damage resulting from
cardiovascular disease (Hill et al., 2003) or other ailments (e.g.,
diabetes) impedes sexual function in men (Foresta et al., 2005); it is
possible that diminished sexual intimacy in women, as in men, may
signify a systemic problem.

While these findings are intriguing, several questions remain. First,
given the large literature on relationships and health, why was
relationship quality unrelated to telomere length? This was surprising
since relationship quality is an important factor in daily life and tends
to correlate to intimacy. Larger studies have found small, significant
effect sizes between sexual intimacy and relationship quality (Muise
et al., 2016; McFarland et al., 2011). These associations may have
missed significance given our small sample. Next, the dyadic adjust-

ment scale is reliable, well-validated, and generalizable (Graham et al.,
2006), but associations have been inconsistent with indices of physical
health (Robles et al., 2014). Non-association between relationship
quality and our markers of health may also be conceptual. Uchino
et al. (2001, 2007) posit that aspects of positive and negative relation-
ship functioning must be concurrently and separately examined.
Shortened telomere length has indeed been found in women reporting
ambivalent relationships − characterized by high positivity and high
negativity − but not when positivity and negativity were examined
separately (Uchino et al., 2012). Relationship ambivalence measures
were not included and, hence, this question could not be examined.
Relatedly, future research should incorporate a validated measure of
sexual satisfaction when investigating the role of sexual intimacy on
aging markers. Although measured prospectively, sexual intimacy was
dichotomized given its limited variability in reported frequency
(MacCallum et al., 2002), disallowing use of advanced statistics such
as multilevel modeling to test the incremental effects of sexual intimacy
on markers of aging. Despite dichotomization, the measure was robust
to covariates and results converged with prior research using more
advanced modes of measurement and statistics. Prevalence of sexual
intimacy (37%) also appears to be slightly lower than previous research
using larger samples have reported (Call et al., 1995; Schneidewind-
Skibbe et al., 2008). Our caregiver sample may report decreased sexual
intimacy, given their parental responsibilities. Sexual intimacy may
also be underestimated compared to other survey methods that use
retrospective measures reporting a longer duration of time. Although
unlikely, the possibility must be entertained that telomere length
reflects underlying aspects of robust health, influencing sexual activity.
If this is the case, our results may suggest that sexually active women
may have inherent social and physical characteristics that differ than
non-sexually active adults. This difference may be further amplified
should these women select romantic partners with concordant char-
acteristics as them (Meyler et al., 2007).

We must also consider the impact of the non-significant findings of
sexual intimacy on telomerase activity measured in PBMCs. In general,
associations are more reliably seen between psychosocial processes and
telomere length than is the case with telomerase activity (Lin et al.,

Table 2
Bivariate Correlations between Predictors, Covariates, and Outcomes.

1 2 3 4 5 6 7 8 9 10 11

1. Health behavior –
2. Illness Symptomology 0.01 –
3. Perceived Stress −0.08 0.16* –
4. Relationship satisfaction −0.02 −0.03 −0.43**** –
5. Positive Partner interactions 0.02 −0.16* −0.27*** 0.62**** –
6. Negative Partner interactions −0.08 0.11 0.47**** −0.56**** −0.75**** –
7. Sexual Intimacy 0.09 −0.15* −0.07 0.08 0.13 −0.10 –
8. Whole Blood Telomere Length −0.10 −0.19** −0.02 0.13 0.15 0.01 0.21** –
9. PBMC Telomere Length −0.07 −0.23** −0.05 0.11 0.16* −0.05 0.28**** 0.74**** –
10. Granulocyte Telomere Length −0.13 −0.18** −0.00 −0.03 0.06 0.07 0.07 0.77**** 0.66**** –
11. Telomerase Activity 0.03 0.14 −0.18** 0.19** 0.12 −0.20** −0.11 −0.05 −0.06 −0.16* –

*p < 0.10; **p < 0.05; ***p < 0.01; ****p < 0.001 . Significant associations are bolded. Note: Telomerase activity is log-transformed.

Table 3
Partial correlations between Predictors/Covariates and the Outcome Variables, covarying for age.

Whole Blood Telomere Length PBMC Telomere Length Granulocyte Telomere Length Telomerase Activity

Health Behavior −0.11 −0.09 −0.07 −0.03
Illness Symptomology −0.18* −0.21** −0.13 0.11
Perceived Stress −0.03 0.01 0.01 −0.17*

Relationship satisfaction 0.15 0.06 0.01 0.18*

Positive Partner interactions 0.11 0.13 0.02 0.11
Negative Partner interactions 0.02 −0.04 0.11 −0.19**

Sexual Intimacy 0.21** 0.30*** 0.10 −0.14

*p < .10; **p < .05; ***p < .01. Significant associations are bolded. Note: Telomerase activity is log-transformed.
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2010). It is much more difficult to accurately measure telomerase, and
as such, many fewer studies have examined the links between telomer-
ase activity and psychosocial processes. There is also evidence that
telomerase activity is much more dynamic than telomere length. For
instance, it has been found that telomerase activity can be modulated
by acute psychological stress (Epel et al., 2010). It is very plausible the
lack of an association between sexual intimacy and telomerase activity
is a consequence of these dynamics and the fact that we relied on
weekly averages. Future studies measuring variables in closer temporal
proximity will help clarify these associations.

Secondly, why did different patterns emerge when comparing
PBMCs vs. granulocytes? Few studies have separately examined
PBMC and granulocyte telomere length; however, many differences
exist between these two cell type lineages that suggest different patterns
of associations. PBMCs circulate in blood from years to decades,
possibly reflecting a history of accumulated environmental exposures
and immune function (shortening with repeated virus exposures and
biochemical stressors such as inflammation, oxidative stress, and stress
hormones). Circulating granulocytes, on the other hand, live only a few
days and more directly reflect the health of bone marrow stem cells.
Future research should continue to disentangle telomere length across
different cell types to further examine the impact of psychosocial
stressors on these different systems. While differential effects may exist
across these systems, there is a relatively high degree of synchrony
across telomere cell types (Kimura et al., 2010) and tissues (Daniali
et al., 2013), suggesting an overall somatic coherence to environmental
perturbations.

The generalizability of these findings is unclear. The sample was
composed of educated, healthy women with children. Thus it is
important to note that our sample may not fully generalize toward
other populations; however, this is an important preliminary finding.
Future research should consider examining the association between
sexual intimacy in committed relationships and biological indices
markers of health and aging in lower SES and racial/ethnic minority
samples. While our analyses revealed non-significant associations
between relationship functioning and sexual intimacy, future research
should consider the impact of short-term or uncommitted sex on health.
The context of high relationship satisfaction, coupled with sexual
intimacy, may produce a physiological milieu that bolsters health.

In summary, the present results provide novel evidence that sexual

intimacy within the context of long-term relationship provides health-
enhancing benefits, as indexed by whole blood and PBMC telomere
length.
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Model 1: Sexual Intimacy + caregiver status + Age + Body Mass Index + Health Behaviors + Illness Symptomology;
Model 2: Model 1 covariates + Sexual Intimacy + Perceived Stress;
Model 3: Model 2 covariates + Sexual Intimacy + Dyadic Adjustment + Negative Partner interaction.

T. Cabeza de Baca et al. Psychoneuroendocrinology 81 (2017) 46–51

50

http://dx.doi.org/10.1016/j.psyneuen.2017.03.022
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0005
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0005
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0010
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0010
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0015
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0015
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0020
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0020
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0020
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0020
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0025
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0025
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0025
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0030
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0030
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0035
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0035
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0040
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0040
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0040
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0045
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0045
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0050
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0050
http://dx.doi.org/10.1016/S0140-67360312384-7
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0060
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0060
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0065
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0065


Cohen, S., Williamson, G., 1988. Perceived stress in a probability sample of the United
States. In: Spacapan, S., Oskamp, S. (Eds.), The Social Psychology of Health:
Claremont Symposium on Applied Social Psychology. Sage, Newbury Park, pp.
31–67.

Coria-Avila, G.A., Herrera-Covarrubias, D., Ismail, N., Pfaus, J.G., 2016. The role of
orgasm in the development and shaping of partner preferences. Socioaffect. Neurosci
Psychol. 6, 31815. http://dx.doi.org/10.3402/snp.v6.31815.

Costa, R.M., Brody, S., 2012. Greater resting heart rate variability is associated with
orgasms through penile-Vaginal intercourse, but not with orgasms from other
sources. J. Sex Med. 9, 188–197.

Daniali, L., Benetos, A., Susser, E., Kark, J.D., Labat, C., Kimura, M., Desai, K.K., Granick,
M., Aviv, A., 2013. Telomeres shorten at equivalent rates in somatic tissues of adults.
Nat. Commun. 4, 1597.

Demissie, S., Levy, D., Benjamin, E.J., Cupples, L.A., Gardner, J.P., Herbert, A., ... Aviv,
A., 2006. Insulin resistance, oxidative stress, hypertension, and leukocyte telomere
length in men from the Framingham Heart Study. Aging cell 5, 325–330.

Ditzen, B., Hoppmann, C., Klumb, P., 2008. Positive couple interactions and daily cortisol:
on the stress-protecting role of intimacy. Psychosom. Med. 70, 883–889.

Enders, C.K., 2006. A primer on the use of modern missing-data methods in
psychosomatic medicine research. Psychosom. Med. 68, 427–436.

Epel, E.S., Blackburn, E.H., Lin, J., Dhabhar, F.S., Adler, N.E., Morrow, J.D., Cawthon,
R.M., 2004. Accelerated telomere shortening in response to life stress. Proc. Natl.
Acad. Sci. U. S. A. 101, 17312–17315.

Epel, E.S., Lin, J., Dhabhar, F.S., Wolkowitz, O.M., Puterman, E., Karan, L., Blackburn,
E.H., 2010. Dynamics of telomerase activity in response to acute psychological stress.
Brain Behav. Immun. 24, 531–539.

Farrell, A.K., Simpson, J.A., 2017. Effects of relationship functioning on the biological
experience of stress and physical health. Curr. Opin. Psychol. 3, 49–53.

Fletcher, G.J., Simpson, J.A., Campbell, L., Overall, N.C., 2015. Pair-bonding, romantic
love, and evolution the curious case of homo sapiens. Perspect. Psychol. Sci. 10,
20–36.

Foresta, C., Caretta, N., Lana, A., Cabrelle, A., Palu, G., Ferlin, A., 2005. Circulating
endothelial progenitor cells in subjects with erectile dysfunction. Int. J. Impot. Res.
17, 288–290.

Franceschi, C., Bonafè, M., Valensin, S., Olivieri, F., de Luca, M., Ottaviani, E., de
Benedictis, G., 2000. Inflamm-aging: an evolutionary perspective on
immunosenescence. Ann. N. Y. Acad. Sci. 908, 244–254.

Graham, J.M., Liu, Y.J., Jeziorski, J.L., 2006. The dyadic adjustment scale: a reliability
generalization meta‐analysis. J. Marriage Fam. 68, 701–717.

Guastella, A.J., Mitchell, P.B., Mathews, F., 2008. Oxytocin enhances the encoding of
positive social memories in humans. Biol. Psychiatr. 64, 256–258.

Haake, P., Krueger, T.H., Goebel, M.U., Heberling, K.M., Hartmann, U., Schedlowski, M.,
2004. Effects of sexual arousal on lymphocyte subset circulation and cytokine
production in man. Neuroimmunomodulation 11, 293–298.

Hill, J.M., Zalos, G., Halcox, J.P., Schenke, W.H., Waclawiw, M.A., Quyyumi, A.A., Finkel,
T., 2003. Circulating endothelial progenitor cells, vascular function, and
cardiovascular risk. N. Engl. J. Med. 348, 593–600.

Holt-Lunstad, J., Smith, T.B., Layton, J.B., 2010. Social relationships and mortality risk: a
meta-analytic review. PLoS Med. 7, e1000316.

Kim, N.W., Wu, F., 1997. Advances in quantification and characterization of telomerase
activity by the telomeric repeat amplification protocol TRAP. Nucleic Acids Res. 25,
2595–2597.

Kimura, M., Gazitt, Y., Cao, X., Zhao, X., Lansdorp, P.M., Aviv, A., 2010. Synchrony of
telomere length among hematopoietic cells. Exp. Hematol. 38, 854–859.

Krause, S., Pokorny, D., Schury, K., Doyen-Waldecker, C., Hulbert, A.L., Karabatsiakis, A.,
... Buchheim, A., 2016. Effects of the adult attachment projective picture system on
oxytocin and cortisol blood levels in mothers. Front. Hum. Neurosci. 10. http://dx.
doi.org/10.3389/fnhum.2016.00627.

Lin, J., Epel, E., Cheon, J., Kroenke, C., Sinclair, E., Bigos, M., Blackburn, E., 2010.
Analyses and comparisons of telomerase activity and telomere length in human T and
B cells: insights for epidemiology of telomere maintenance. J. Immunol. Methods
352, 71–80.

Light, K.C., Grewen, K.M., Amico, J.A., 2005. More frequent partner hugs and higher
oxytocin levels are linked to lower blood pressure and heart rate in premenopausal
women. Biol. Psychol. 69, 5–21.

MacCallum, R.C., Zhang, S., Preacher, K.J., Rucker, D.D., 2002. On the practice of
dichotomization of quantitative variables. Psychol. Methods 7, 19–40.

Mainous, A.G., Everett, C.J., Diaz, V.A., Baker, R., Mangino, M., Codd, V., Samani, N.J.,
2011. Leukocyte telomere length and marital status among middle-aged adults. Age
Ageing 40, 73–78.

Martelli, V., Valisella, S., Moscatiello, S., Matteucci, C., Lantadilla, C., Costantino, A., ...
Meriggiola, M.C., 2012. Prevalence of sexual dysfunction among postmenopausal
women with and without metabolic syndrome. J. Sex. Med. 9, 434–441.

Meyler, D., Stimpson, J.P., Peek, M.K., 2007. Health concordance within couples: a
systematic review. Soc. Sci. Med. 64, 2297–2310.

Muise, A., Schimmack, U., Impett, E.A., 2016. Sexual frequency predicts greater well-
Being, but more is not always better. Soc. Psychol. Personal. Sci. 7, 295–302.

McFarland, M.J., Uecker, J.E., Regnerus, M.D., 2011. The role of religion in shaping
sexual frequency and satisfaction: evidence from married and unmarried older adults.
J. Sex Res. 48, 297–308.

Ponholzer, A., Temml, C., Rauchenwald, M., Marszalek, M., ... Madersbacher, S., 2008. Is
the metabolic syndrome a risk factor for female sexual dysfunction in sexually active
women? Int. J. Impot. Res. 20, 100–104.

Prather, A.A., Epel, E.S., Arenander, J., Broestl, L., Garay, B., Wang, D., Dubal, D.B., 2015.
Longevity factor klotho and chronic psychological stress. Transl. Psychiatry 5, e585.

Robinson, V.C., 2015. Support for the hypothesis that sexual breast stimulation is an
ancestral practice and a key to understanding women’s health. Med. Hypoth. 85,
976–985.

Robles, T.F., Slatcher, R.B., Trombello, J.M., McGinn, M.M., 2014. Marital quality and
health: a meta-analytic review. Psychol. Bull. 140, 140–187.

Schlomer, G.L., Bauman, S., Card, N.A., 2010. Best practices for missing data management
in counseling psychology. J. Couns. Psychol. 57, 1–10.

Schneidewind-Skibbe, A., Hayes, R.D., Koochaki, P.E., Meyer, J., Dennerstein, L., 2008.
The frequency of sexual intercourse reported by women: a review of community-
based studies and factors limiting their conclusions. J. Sex Med. 5, 301–335.

Spanier, G.B., 1976. Measuring dyadic adjustment: new scales for assessing the quality of
marriage and similar dyads. J. Marriage Fam. 38, 15–28.

Stadler, G., Snyder, K.A., Horn, A.B., Shrout, P.E., Bolger, N.P., 2012. Close relationships
and health in daily life: a review and empirical data on intimacy and somatic
symptoms. Psychosom. Med. 74, 398–409.

Uchino, B.N., Holt-Lunstad, J., Uno, D., Flinders, J.B., 2001. Heterogeneity in the social
networks of young and older adults: prediction of mental health and cardiovascular
reactivity during acute stress. J. Behav. Med. 24, 361–382.

Uchino, B.N., Holt-Lunstad, J., Uno, D., Campo, R., Reblin, M., 2007. The social
neuroscience of relationships: an examination of health-Relevant pathways. In:
Harmon-Jones, E., Winkielman, P. (Eds.), . Social Neuroscience: Integrating
Biological and Psychological Explanations of Social Behavior. Guilford Press, New
York, pp. 474–492.

Uchino, B.N., Cawthon, R.M., Smith, T.W., Light, K.C., McKenzie, J., Carlisle, M., ...
Bowen, K., 2012. Social relationships and health: is feeling positive, negative, or both
ambivalent about your social ties related to telomeres? Health Psychol. 31, 789–796.

Whisman, M.A., Robustelli, B.L., Sbarra, D.A., 2016. Marital disruption is associated with
shorter salivary telomere length in a probability sample of older adults. Soc. Sci. Med.
157, 60–67.

Yen, Y.C., 2013. Older adults with higher income or marriage have longer telomeres. Age
Ageing 42, 234–239.

T. Cabeza de Baca et al. Psychoneuroendocrinology 81 (2017) 46–51

51

http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0070
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0070
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0070
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0070
http://dx.doi.org/10.3402/snp.v6.31815
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0080
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0080
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0080
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0085
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0085
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0085
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0090
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0090
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0090
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0095
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0095
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0100
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0100
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0105
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0105
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0105
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0110
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0110
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0110
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0115
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0115
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0120
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0120
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0120
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0125
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0125
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0125
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0130
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0130
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0130
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0135
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0135
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0140
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0140
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0145
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0145
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0145
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0150
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0150
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0150
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0155
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0155
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0160
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0160
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0160
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0165
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0165
http://dx.doi.org/10.3389/fnhum.2016.00627
http://dx.doi.org/10.3389/fnhum.2016.00627
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0175
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0175
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0175
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0175
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0180
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0180
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0180
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0185
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0185
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0190
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0190
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0190
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0195
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0195
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0195
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0200
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0200
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0205
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0205
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0210
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0210
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0210
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0215
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0215
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0215
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0220
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0220
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0225
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0225
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0225
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0230
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0230
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0235
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0235
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0240
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0240
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0240
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0245
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0245
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0250
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0250
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0250
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0255
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0255
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0255
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0260
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0260
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0260
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0260
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0260
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0265
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0265
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0265
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0270
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0270
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0270
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0275
http://refhub.elsevier.com/S0306-4530(16)31003-4/sbref0275

	Sexual intimacy in couples is associated with longer telomere length
	Introduction
	Telomere length and relationships
	Current study

	Method
	Participants and procedure
	Measures
	Relationship quality
	Sexual intimacy
	Perceived stress
	Telomere length and telomerase activity
	Covariates

	Statistical analyses

	Results
	Discussion
	Acknowledgements
	Supplementary data
	References




