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ARTICLE INFO ABSTRACT

Keywords: Background: Caring for chronically disabled family members is a stressful experience. In turn, psychosocial stress
TL is linked to premature aging. Telomere length (TL) is a plastic genetic trait that is a biomarker of aging, and a
Caregiving burden possible mechanism linking psychosocial stress and accelerated aging.
Stress Methods: TL was measured using qPCR method from blood samples in 1233 Filipino adults from Cebu,
Aging Philippines. Caregiving was measured as chronicity of care, or the sum total number of years an individual was
the primary caregiver for any household member with a chronic illness or disability. Linear regression models
were used to test for associations between chronicity of care and TL. Interaction terms were used to test whether
or not the association between chronicity of care and TL differed by sex, age, and relationship to the caregiver.
Specific statistical designs were publicly pre-registered before analysis began.
Results: Chronicity of care was not associated with TL. Neither did we find any evidence for caregiving varying
in its effect on TL by caregiver sex, age, or relationship to the chronically ill/disabled.
Conclusions: We found no evidence of an association between chronicity of care and TL. This result coupled with
a recent study of a similarly sized cohort suggests that previous significant results linking caregiving and TL may

be due to very particular types of caregiving populations or are possibly artifacts of small sample sizes.

1. Introduction

Caring for family members with chronic illness or disability is often
a stressful experience that entails considerable resource investment and
emotional labor. Given increasing life expectancies worldwide and
rising morbidity with age, the challenges posed by caregiving are rising
(Christensen et al., 2009). Chronic stress is thought to worsen health,
and accordingly, caregiving burden is a risk factor for increased mor-
bidity and mortality (Schultz and Beach, 1999; Schulz et al., 1990) as
well as compromised immunity (Bauer et al., 2000).

Intriguingly, evidence suggests that telomere length (TL) might be
an important pathway by which certain stressors, including caregiving,
influence health outcomes (Armanios et al., 2009; Chang et al., 2018;
Damjanovic et al., 2007; Epel et al., 2004; Litzelman et al., 2014).Tel-
omeres are the protective ends of chromosomes (Blackburn and Gall,
1978). Due to the ‘end-replication problem’, approximately 50-200
base-pairs (bp) of non-coding repeated telomeric DNA are lost during
each cellular replication cycle (Blackburn, 2000; Harley et al., 1990).

As such, telomere shortening can be accelerated by an increased rate of
cell replication (e.g., during and/or after an immune response). Once
telomeric DNA reaches a critical minimum length, a cell is no longer
able to replicate (Armanios and Blackburn, 2012; Cong et al., 2002;
Palm and de Lange, 2008). Accordingly, TL may be an important bio-
marker of aging as shortened telomeres predict a number of age-related
diseases, compromised immunity, adverse health outcomes, and earlier
death (Al Khaldi et al., 2015; Armanios et al., 2009; Carulli and
Anzivino, 2014; Cawthon et al., 2003; Ma et al., 2011; Serrano and
Andrés, 2004; Wang et al., 2018).

Telomere shortening in blood may be further hastened by experi-
ences of psychosocial stress (reviewed by Quinlan et al., 2014). Two
recent meta-analyses demonstrated an overall significant association
between perceived stress and shorter TL (Mathur et al., 2016; Pepper
et al., 2018). Chronic stress is thought to cause increased systemic and
cumulative oxidative stress, increased cortisol levels, increased sus-
ceptibility to infection, and reduced telomerase activity—all of which
are pathways via which stress may accelerate telomere shortening
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(Choi et al., 2008; Irie et al., 2003, 2001; Kawanishi and Oikawa, 2004;
Oikawa and Kawanishi, 1999; Von Zglinicki, 2002). Thus, through TL
loss, stress presumably has a durable effect on health and contributes to
premature aging.

Caregiving for the sick and disabled is associated with changes in
immune function as well as increases in both illness and mortality
(Kiecolt-Glaser et al., 1991; Mastrian et al., 1996; Schultz and Beach,
1999). A number of well-cited studies have found associations between
TL and caregiving (Damjanovic et al., 2007; Epel et al., 2004; Kiecolt-
Glaser et al., 2011a, b; Litzelman et al., 2014; results summarized in
Table S1). All of these studies had relatively small sample sizes
(Ns < 340) gathered from populations living in the US. Three of the
four studies specifically recruited high-stress caregivers (i.e., caring for
adult family member with a major neurocognitive disorder or a
chronically ill child) (Damjanovic et al., 2007; Epel et al., 2004; Kiecolt-
Glaser et al., 2011a, b). In contrast, a recent study that worked with a
markedly larger cohort sample (N = 1250 women aged 60-81 years
from the Nurses’ Health Study) found no association between car-
egiving intensity (caregiving hours per week) and TL (Chang et al.,
2018). Here we investigated the impact of family caregiving, as mea-
sured by chronicity of care (total caregiving years), in a sample of 1233
adults from Metropolitan Cebu, Philippines. We hypothesized that in-
creased chronicity of care would be associated with shorter TL in the
general sample. Considering that caregiving appears to dis-
proportionately affect the health of older females, who are providing
care for their spouses (Kim et al., 2012; Li et al., 2013; Penning and Wu,
2016; Pinquart and Sorensen, 2003a, 2003b), we tested whether
chronicity of care associations with TL were greater for older in-
dividuals, women, and caregivers of spouses.

2. Material and methods
2.1. Study participants

Data come from the Cebu Longitudinal Health and Nutrition Survey
(Adair et al., 2011). Briefly, 3327 pregnant women enrolled in the study
in 1983. Follow-up questionnaires on diet/nutrition, family history,
anthropometrics, and other demographics have been repeatedly ad-
ministered. Caregiving data were first collected in 2016. Due to bud-
getary constraints and unavoidable participant attrition over the 35
years of the study, blood samples along with additional surveys were
also collected in 2016 from 653 of the women and 658 of their spouses.
Sampling was to maximize the number of women 1) with blood draws
in 2005, 2) who were followed-up with/interviewed in 2012 or 2015,
3) who still resided with the biological father of her offspring, and 4)
who consented spouse contact/interview.

After accounting for missingness in the data, the final sample con-
sisted of 1233 individuals (630 men and 603 women, 579 of which
were coupled), 182 (15%) of which reported that they had been care-
givers (76 men, 106 women). Forty-four participants (21 men, 23
women) had cared for a disabled child, and one for a disabled grand-
child. Caregiving duration for participants caring for their children
ranged from less than a year to 41 years. Average participant age was
59 years for both caregivers and non-caregivers (60 years for those
caring for their children). Age was similarly distributed for caregivers
and non-caregivers (SD = 4.80 vs. 5.54). Chronicity of care averaged at
0.69, 4.65, and 10.25 years on average for the full sample, caregivers,
and those caring for their children respectively. Of the 182 caregivers,
18 indicated that they cared for their spouse. Survey and biological
sample collection were conducted under IRB approvals from the
University of North Carolina, Northwestern University, and the
University of Washington.

2.2. Sample collection

Venous blood samples were drawn into EDTA tubes and then were
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processed up to the cell lysis step of the Gentra Puregene DNA extrac-
tion protocol in the Philippines. Blood collection was from May 30-
November 6, 2016. These samples were stabilized within five days of
collection and stored at room temperature until shipped back to
Eisenberg’s lab (on January 26 and February 20, 2017), where extrac-
tion was completed between March 2 and July 11, 2017. DNA was
extracted from whole blood samples, thus, is predominantly derived
from leukocytes (but see Eisenberg, 2011). After extraction, samples
were frozen at —80 °C until thawed for analysis.

2.3. Measuring telomere length

Relative TL was assayed on a BioRad CFX 384 real-time PCR de-
tection system (Hercules, CA, USA) using a modified monochrome
multiplex gPCR (MMQPCR) approach (see Supplementary material). T/
S ratio was calculated using the estimated starting quantity of each
sample based on a standard reference curve. We then adjusted T/S
ratios by average well position effect to increase statistical power
(Eisenberg et al., 2015). Specifically, we averaged mean T/S deviance
(T/Stotal.mean ~T/S wellavg) for every well across all sample plates. We
also calculated well deviance for a uniformity assay (T/Savg-T/Sobs)-
These deviance values were themselves averaged and then subtracted
from the well average T/S to get mean well-adjusted T/S values. Fi-
nally, for every measured sample T/S, the mean well-adjusted T/S was
subtracted, and the total mean T/S added.

DNA was quantified using an Epoch Microplate Spectrophotometer
(BioTek, Winooski, VT, USA). Prior to plating, all samples were diluted
to 8 ng/ul. High quality DNA extracted from whole blood was used to
create an eight-point, two-fold serially diluted standard reference curve
(from 100 ng/reaction to 0.78 ng/reaction). All samples, standards, and
negative controls were run in triplicate. Some DNA from the same high
quality stock as the standard curve was also diluted to 8 ng/ul and used
as a positive control. Twelve positive controls were included on each
plate. The final reaction volume was 15pl. Standard curves had average
R2 values of 0.97 and 0.99, and average efficiency values of 90.63% and
92.06%, for T and S respectively.

As the coefficient of variance is unreliable for TL data, we calculated
intra-class coefficients (ICC) to assess for measurement error
(Eisenberg, 2016; Verhulst et al., 2016, 2015). Ninety-five samples
were assayed an additional time to assess inter plate reproducibility:
ICC1 = 0.79 (0.70, 0.86), ICC1k = 0.88 (0.82, 0.92). Significant out-
liers among sample replicates were removed from analysis after iden-
tification by Dixon’s-Q test. Of the women in this study, 641 had their
TL measured 11 years prior (Eisenberg et al., 2015). The current TL
measures showed a correlation of 0.47 (95% CI: 0.41, 0.53) with the
2005 measures. We also observe a correlation of -0.20 (95% CI: -0.25,
-0.14) between the current measures and age. Both age and past TL
measures are well established correlates of TL (i.e., the more negative
the age-TL correlation and the more positive the TLyg16-TLagos corre-
lation, the lower the measurement error) (Bateson et al., 2018;
Steenstrup et al., 2013; Verhulst et al., 2013). Our correlation results
suggest good external validity of our TL measures and a low level of
measurement error compared to typical qPCR results (Bateson et al.,
2018 — Table 3).

2.4. Caregiving data

In the 2016 survey, participants were asked if they had “ever been
the primary caregiver for at least a year for a disabled household
member (mentally or physically disabled).” They were then asked for
how many years they were the primary caregiver for this individual. If
they were the caregiver for more than one disabled household member,
with the help of the interviewer, they added up the number of years
across them. They also added up any staggered or broken years of
caregiving. As such, we calculated the chronicity of care, or the sum
total number of years the participant was the primary caregiver for any
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household member with a chronic illness or disability. Participants
were then asked: “Who was/is the disabled household member?”
Responses to who was receiving care were categorized by relationship
to caregiver, i.e., spouse (N = 18), child/grandchild (N = 45), parent/
grandparent (N = 54), in-law (N = 23), other relative/friend (N = 24),
and two or more family members of any relation (N = 18).

2.5. Statistical analysis

Individuals who have shorter telomeres are more likely to be sick or
chronically disabled themselves. Because of this, they may be less likely
to be caregivers, and therefore, have less caregiving stress and shorter
TL. Thus, we examined (post hoc) if morbidity score influenced the
likelihood of caregiving. Morbidity score was calculated in this cohort
using a previously published method (Adair et al., 2018). In short,
chronic disease morbidity was the sum of self-reported arthritis, high
blood pressure, heart disease, diabetes, and cancer (score range: 0-5).
Likelihood of caregiving was assessed using multivariate generalized
linear models (GLM). Since morbidity score has been regularly surveyed
among female participants, GLM1 included females only (n = 603). The
likelihood of being a caregiver was predicted in the female subsample
by past (2005) and current (2015/2016) morbidity scores as well as
participant age (GLM1). Next, in the full sample, we determined the
likelihood of being a caregiver based on morbidity score in 2015/2016,
age, and sex (GLM2). Odds-ratios were calculated for each predictor.

Ordinary least squares (OLS) regression models that tested for as-
sociations between chronicity of care and TL were designed a priori
without access to the TL data. These plans were deposited on Open
Science Framework (https://osf.io/a9xbu/) before analyses began.
Analyses not in the pre-registration are noted as being post hoc. First, a
minimally controlled model was run that only included chronicity of
care, age, sex, and an interaction between age and sex (Table 2, Model
1). The age by sex interaction was included to account for differential
rates of decline in TL with age depending on sex (Dalgard et al., 2015).
Next, we ran a maximally controlled model that additionally included
BMI, smoking status, education level, assets, and urbanicity as covari-
ates (Table 2, Model 2). Urbanicity is defined in detail by Dahly and
Adair (2007); briefly, it is a continuous measure derived from com-
munity level data to measure the urban-rural continuum in the Phi-
lippines that has been found to be associated with TL in past analyses
(Bethancourt et al., 2017; Tennyson et al., 2018). Assets were de-
termined based on the presence/absence of nine specific assets that may
be reflective of social class in Cebu (homeownership, electricity, car,
jeepney, refrigerator, television, air conditioner, electric fan, and tape
recorder) plus the home building material (0 -light, 1 -mixed, 2
—strong) (score range: 0-11). Our third model included an additional
interaction term between sex and chronicity of care (Table 2, Model 3).
This model was designed to test if caregiving affects men and women
differently, as women across different cultures tend to report more
burden, greater stress, and have higher rates of chronic illness from
caregiving than their male counterparts (Kim et al., 2012; Li et al.,
2013; Penning and Wu, 2016). Since older caregivers appear to be more
affected by caregiving stress (see meta-analysis by Pinquart and
Sorensen, 2003a), our fourth model includes an interaction term be-
tween age and chronicity of care, along with all the other covariates
(Table 2, Model 4). Finally, two meta-analyses demonstrate that the
relationship between caregiver and care recipient is associated with
subjective well-being in caregivers, with a spousal relationship having a
greater effect (Pinquart and Sorensen, 2003a, 2003b). To test for this in
our sample, our fifth model includes an interaction between chronicity
of care and spousal caregiving (Table 2, Model 5). Chronicity of care
and age were both centered prior to running all regressions to avoid
non-essential multicollinearity. All models had normally distributed
residuals as assessed by visual inspection of Q-Q plots.

Exploratory analysis was conducted to further assess for differences
in TL based on the relationship of the caregiver with their disabled
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family member. Specifically, chronicity of care was calculated for each
of the defined relationship to caregiver categories and incorporated
along with the same covariates as our maximally controlled model (age,
sex, age x sex, BMI, smoking, education level, urbanicity, and assets)
(Table 3).

As a sensitivity analysis, and to address potential issues of non-in-
dependence between spouses, we re-ran all regression models as mixed
linear models (see Table S4). Spousal pair was included as the random
effect, while all other predictors were fixed. All mixed linear models
were run using the lmer function from the lmerTest package in R
(Kuznetsova et al., 2017).

In order to more closely replicate the modeling strategies of pre-
vious analyses that examined the effect of caregiving on TL
(Damjanovic et al., 2007; Epel et al., 2004), we also evaluated our
question using both bivariate comparison and a case-control design.
First, bivariate analyses were run between chronicity of care and raw
TL, age-adjusted TL, and age- and sex-adjusted TL in the caregivers
only. To calculate age-adjusted TL, we used a linear regression model to
predict TL for each participant based on their age. We then subtracted
the linear predicted TL values from the measured TL values for all
participants. Age- and sex-adjustments were done using the same
method and were not part of our original pre-registration plan. We then
ran the same series of bivariate analyses on a subsample that ex-
clusively included parents caring for chronically ill/disabled children
(N = 44; also not in pre-registration). Next, while Damjanovic et al.
(2007) used a paired Student’s t-test to assess for differences in TL be-
tween 41 caregivers and 41 age and sex matched controls, we re-
sampled 182 individuals from our control population (N = 1051 non-
caregivers) without replacement and ran a two-tailed t-test 10,000
times to allow for a balanced comparison of caregivers with non-care-
givers (i.e., a Monte Carlo simulation). The average t-statistic across all
tests was calculated and is reported.

All summary and inferential statistics were calculated using R 3.5.0
(R Core Team, 2018). Power was calculated using the MBESS package
(Kelley, 2018). Plots were made using ggplot2 (Wickham, 2015).

3. Results

In our sample of 1233 adults living in Metro Cebu, Philippines, 182
(15%) reported that they had cared for at least one disabled family
member at some point during their life (Table 1). Average chronicity of
care for the whole sample was 0.69 years, and 4.65 years for caregivers
only. Most of the disabled family members that received care were the
participants’ parents or children (Table S3).

Average participant age was 59 years, and approximately half
(48.91%) of the sample was female (Table 1). Age negatively correlated

Table 1
Sample Characteristics (N = 1233).
Mean or n SD or %
Caregiving status, n (%)
Caregiver 182 (14.76)
Non-caregiver 1051 (85.24)
Chronicity of care (years — whole sample), mean (SD) 0.69 (3.12)
Chronicity of care (years — caregivers only, mean (SD) 4.65 (6.91)
Age (years), mean (SD) 59.42 (5.53)
Sex, n (%)
Female 603 (48.91)
Male 630 (51.09)
BMI (kg/m2), mean (SD) 24.46 (4.37)
Smoking status, n (%)
Yes 766 (62.02)
No 467 (37.88)
Education (grade completed), mean (SD) 7.41 (3.80)
Urbanicity, mean (SD) 42.71 (13.33)
Assets, mean (SD) 7.88 (3.19)
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Table 2
OLS Regression Models.
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Dependent variable:

Relative Telomere Length

Model 1 3 (SE)

Model 2 3 (SE)

Model 3 3 (SE)

Model 4 j (SE)

Model 5 S (SE)

Chronicity
Chronicity x Sex
Chronicity x Age
Chronicity x Spousal Care
Spousal care (y)
Age

Sex (F)

Age x Sex

BMI

Smoking (y)
Education
Urbanicity
Assets

Adjusted R?

—0.003 (0.002)

—0.010*** (0.002)
0.055***(0.015)
0.003 (0.003)

0.047

—0.003 (0.002)

—0.010%** (0.002)
0.060%*(0.020)
0.003 (0.003)
0.002 (0.002)
0.010 (0.021)
0.003 (0.002)
—0.001* (0.001)
—0.005 (0.003)
0.051

—0.003 (0.002)
—0.004 (0.005)

—0.010%** (0.002)
0.060%*(0.020)
0.003 (0.003)
0.002 (0.002)
0.011 (0.021)
0.003 (0.002)
—0.001* (0.001)
—0.005 (0.003)
0.051

—0.003 (0.002)

0.0003 (0.0005)

—0.010%** (0.002)
0.059**(0.020)
0.003 (0.003)
0.002 (0.002)
0.010 (0.021)
0.003 (0.002)
—0.001* (0.001)
—0.005 (0.003)
0.051

—0.003 (0.002)

0.006 (0.019)
—0.106 (0.078)
—0.010%** (0.002)
0.061**(0.020)
0.003 (0.003)
0.002 (0.002)
0.009 (0.021)
0.003 (0.002)
—0.001* (0.001)
—0.005 (0.003)
0.051

Note: *p < 0.05; **p < 0.01; ***p < 0.001.

with TL in our sample (Pearson’s r = -0.196, p = 3.734 x 10~ 1),
Controlling for age and the age x sex interaction, females had sig-
nificantly longer TL than males (Table 2, Model 1: [ = 0.055,
p = 3.520 x 10™). Average BMI was 24.46 kg/m?, which is within the
normal range according to Western standards (BMI between 18.5 and
24.9) but is overweight according to BMI standards for Asian popula-
tions (WHO, 2004). Almost two thirds of the participants reported that
they smoked at some point in their life (61.96%).

Average morbidity score for the females in the sample was 0.61 in
2005 and 1.19 in 2015/2016. For the entire sample in 2015/2016,
mean morbidity was 1.04. In our post hoc assessment of if morbidity
score influenced the likelihood of caregiving, neither morbidity score
predicted the odds of caregiving for the females (morbidity 2005: OR
(95% CI) =1.001 (0.963, 1.050); morbidity 2015/2016: OR
(95%CI) = 0.997 (0.964, 1.031); Fig. Sla). For the entire sample,
morbidity score in 2015/2016 also did not predict significantly dif-
ferent odds of caregiving (OR (95%CI) = 1.000 (0.980, 1.021); Fig.
S1b). Only sex was a significant predictor, with females being 6% more
likely to be caregivers then males. Since own morbidity was not a
predictor of the likelihood of serving as a caregiver, this was not added
as a control variable in our OLS regression models.

OLS multiple regression results are presented in Table 2. Chronicity
of care is not associated with TL in either the minimally (Model 1: § =
-0.003 p = 0.274) or maximally controlled model (Model 2: p =
-0.003, p = 0.215). Furthermore, there was no evidence of interaction
effects of chronicity of care and sex (Model 3: = -0.004, p = 0.373),
age (Model 4: 3 = 0.0003, p = 0.563), or spousal caregiving (Model 5:
B = 0.006, p = 0.776). Our mixed linear models that accounted for
spousal pair as a random effect yielded similar results for all models
tested. There were no substantive changes compared to the OLS models
presented above (Table S4).

The results from our exploratory regression model that tested for
differences in TL based on the relationship of a caregiver with their
disabled family member(s) is found in Table 3. We found no difference
in caregiver's TL according to their relationship with the disabled
person (Table 3).

Results of our test replicating Epel et al. (2004) show a negative
non-significant trend between chronicity of care and relative TL in the
182 caregivers (Pearson’sr = -0.119, p = 0.109). The correlation value
is weakened slightly after adjusting TL for age (r = -0.116, p = 0.118),
and even more so when adjusting for both age and sex (r = -0.105,
p = 0.157). Since the Epel et al. study exclusively studied caregiving for
disabled children, we conducted a further analysis restricted to the
subsample of 44 individuals in our sample who exclusively cared for

Table 3
Exploratory OLS regression assessing caregiving burden on relative telomere
length by relationship with disabled.

Dependent variable:
Relative Telomere Length f3 (SE)

Chronicity (Spouse)

Chronicity (Parents/Grandparents)
Chronicity (Child/Grandchild)
Chronicity (In-laws)

Chronicity (Other Family/Friend) 0.0001 (0.007)
Chronicity (Multiple) —0.004 (0.008)
Age —0.010*** (0.002)
Sex (F) 0.061**(0.020)
Age x Sex 0.003 (0.003)

BMI 0.002 (0.002)
Smoking (y) 0.012 (0.021)

—0.014 (0.014)
—0.004 (0.003)
0.003 (0.010)
0.017 (0.018)

Education 0.003 (0.002)
Urbanicity —0.001* (0.001)
Assets —0.005 (0.003)

Adjusted R?

Note: *p < 0.05; **p < 0.01; ***p < 0.001.

their disabled/chronically ill children. In this caregiving for children
analysis we did not observe any significant correlations (p’s = 0.460; r
= -0.111, -0.114, -0.102 for raw TL, age-adjusted TL, and age- and sex-
adjusted TL respectively). More closely replicating Damjanovic et al.,
(2007), average t-statistics from our resampled Student’s t-tests com-
paring age and TL in 182 cases and controls were not significant (p’s =
0.701; t = -0.385, -0.382, -0.156 for raw TL, age-adjusted TL, and age-
and sex-adjusted TL respectively).

With the sample size used in this study (1233), we had 80% power
to detect a chronicity of care effect size (R®) of between 0.010 and
0.015 (o = 0.05) in our OLS regression models (depending on how
many covariates were included in the model). We had > 99.9% power
to detect a similar effect as Epel et al. (r = -0.444, N = 39) in our
caregiver sample (N = 182), and 87.0% power in our child-caregiver
subsample (N = 44). Our paired Student’s-t test (N = 182 caregivers,
182 controls) had 80% power to detect a difference between groups of
d = 0.209. In contrast, Damjanovic et al. (N = 41 caregivers, 41 con-
trols) have 46% power to detect a comparable difference.

4. Discussion

In this study, we examined the relationship between caregiving, in
the form of chronicity of care (years), and TL in older adults. Using data
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from a prospective cohort study based in Cebu, Philippines, we do not
observe any associations between caregiving duration and TL in this
sample of 1233 individuals. Neither do we detect any significant in-
teractions between chronicity of care and age, sex, or spousal care.
There is also no measurable difference in caregiver TL due to familial
relationship with the chronically ill or disabled.

While both our study and another recent study working with a large
cohort from the Nurses Health Study (N = 1250) are unable to corro-
borate the relationship between caregiving and TL (Chang et al., 2018),
earlier studies with smaller, high-stress caregiver samples tended to
find weak-to-moderate effects of caregiving on TL (N = 610 combined -
See Table S1). For example, Epel et al. (2004) observed a significant
negative relationship between chronicity of care and both age-adjusted
and non-adjusted TL (r = -0.40 and r = -0.44 respectively) in a sample
of younger women (average age 38) caring for their disabled children.
These children suffered from a range of chronic conditions including
autism, cerebral palsy, and congenital gastrointestinal disorders.
Damjanovic et al. (2007) found that a sample of both male and female
primary caregivers of family members with Alzheimer’s disease had
significantly shorter TL than non-caregiving controls (p < 0.05) in a
comparably aged sample as ours (average age 65 years). Due to com-
monalities in data analysis, we were able to closely match the methods
performed by Epel et al. (2004) and Damjanovic et al. (2007). Despite
ample statistical power, we could not replicate the findings of either
study. Our contrasting results, together with those from Chang et al.
(2018), indicate that previous findings may be driven by particular
types of high-stress caregiving (e.g., dementia/Alzheimer’s) or are
possibly artifacts of small sample sizes, the latter of which is a problem
we faced in our replicative and exploratory analyses.

Other studies have found significant associations between car-
egiving and TL including Kiecolt-Glaser et al. (2011a,b), which reported
shorter telomeres (p = 0.04) in a similarly aged sample of dementia
family caregivers (average 69 years) when compared to controls. Unlike
Damjanovic et al. who only adjusted for age and sex, Kiecolt-Glaser
et al. adjusted for additional potential confounders including differ-
ences in BMI and the presence of childhood adversity. A 2014 study
working with the Survey of the Health of Wisconsin cohort only found a
relationship between caregiving (Caregiver Strain Index, Robinson,
1983) and TL after they accounted for an interaction between car-
egiving and global perceived stress score (PSS) (Litzelman et al., 2014).
We ran a similar test post hoc in the female subjects. Neither PSS nor the
interaction significantly predicted TL (data not shown). The Litzelman
et al. (2014) study also used a combined sample of DNA isolated from
both blood and saliva, making cross-study comparisons difficult.

One of the major strengths of the current study was that we worked
with a well-characterized, large, prospective cohort study that has rich
morbidity data. As such, we were able to examine if the participants’
health conditions impacted their ability to provide care. To our
knowledge, this has not been assessed in the TL-caregiving literature to
date. In order to test whether unhealthy individuals with shorter TL
were less likely to become caregivers, we examined if morbidity score
predicted caregiving. We did not find an association and concluded that
morbidity would not confound our analyses predicting TL.

It is also important to note that caring for family is a highly valued
and expected practice in the Philippines (see Varona et al., 2007 for a
quantitative analysis and short review). Thus, caregiving for family
members with disabilities may not increase perceived stress in the same
way as it does in the US and other Western populations where previous
studies on TL have been conducted. The question of how psychosocial
environments impact TL differently based on local cultural values and
expectations is an important future direction for this work.

While we do not observe a significant association between chroni-
city of care and TL, there are some potential factors that limit our study.
First, we were unable to adequately differentiate the severity or types of
chronic disabilities/diseases in our analysis. There is significant litera-
ture to indicate that caring for family members with Alzheimer’s
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disease is costlier than caring for other adult diseases/disabilities, both
emotionally and financially (Cohen and Eisdorfer, 1988; Meek et al.,
1998). We have too few cases of Alzheimer’s disease (N = 3) in our
sample to more directly replicate the findings of Damjanovic et al.
(2007) or Kiecolt-Glaser et al. (2011a,b). However, when restricting our
sample to caregivers of disabled children like Epel et al. (2004) (N = 44
in our study versus N = 39 in Epel) we failed to find an association
despite having ample statistical power (87.0%) to detect an effect size
equal to that found previously. Our child caregiver subsample also had
considerably more variation in chronicity of care, 41 years compared to
12 years. Second, while our overall sample is substantially larger than
previous studies that examined this relationship (Damjanovic et al.,
2007; Epel et al., 2004; Kiecolt-Glaser et al., 2011a,b; Litzelman et al.,
2014), caregivers only make up 15% (Table S1). Still, our sample in-
cluded more caregivers (N = 182) than the majority of these studies.
Third, we do not have cell composition data. Variations in leukocyte
composition may influence TL measures and might vary with car-
egiving. Fourth, study participants were not exclusively active care-
givers at the time of assessment, which is a notable difference with
previous studies. That notwithstanding, if the effects of stress on TL are
only visible during active caregiving, it would call into question the
importance of stress having long-lasting effects on health and aging via
changes in TL. In sum, our study likely represents a more accurate re-
presentation of caregiving patterns and burden across a population, as
many the significant results published earlier were derived from sam-
ples of purposely-recruited high-stress caregivers in order to maximize
the difference in exposure between caregivers and controls.

In conclusion, our study found no evidence to suggest that chroni-
city of care predicts TL. We also tested whether this association with
was modified by age, sex, or spousal care. These results contribute to
the developing literature examining the effect of stress on TL. While our
results seem contradictory to the findings from earlier studies that de-
monstrated a significant negative relationship between caregiving and
TL in purposely recruited high-stress caregivers, they are similar to
those of a more recent study that looked at the effect of caregiving
intensity (hours/week) in a similarly sized sample (N = 1250) derived
from the Nurses’ Health Study (Chang et al., 2018). Our results, espe-
cially when coupled with results from the Nurses’ Health Study suggest
that caring for a chronically disabled family member may not have a
meaningful effect on TL unless disabled family member is experiencing
conditions associated with more extreme stress for caregivers, such as
Alzheimer’s disease. Caring for disabled children is also thought to be
particularly stressful (e.g., Turnbull and Ruef, 1996; Vitaliano et al.,
2003), however we also failed to find a significant association with TL
in our subsample of 44 child caregivers. Ample evidence suggests that
chronic caregiving and chronic stress more generally has negative
health consequences. The failure to find that TL mediates these re-
lationships should not be interpreted as undermining the importance of
the more general effects of chronic stress on health.
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