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Abstract

Telomere length (TL) is widely studied as a possible biomarker for stress-related cellular
aging and decreased longevity. There have been conflicting findings about the relationship
between family caregiving stress and TL. Several initial cross-sectional studies have found
associations between longer duration of caregiving or perceived stressfulness of caregiving
and shortened TL, suggesting that caregiving poses grave risks to health. Previous reviews
have suggested the need for longitudinal methods to investigate this topic. This study exam-
ined the association between the transition to family caregiving and change in TL across ~9
years. Data was utilized from the Caregiving Transitions Study, an ancillary study to the
Reasons for Geographic and Racial Differences in Stroke (REGARDS) study. TL was
assayed using gPCR and analyzed as the telomere-to-single copy gene ratio for each par-
ticipant at baseline and follow-up. General linear models examined the association between
caregiving status and the change in TL for 208 incident caregivers and 205 controls, as well
as associations between perceived stress and TL among caregivers. No association was
found between TL change and caregiving (p = 0.494), and fully adjusted models controlling
for health and socioeconomic factors did not change the null relationship (p = 0.305).
Among caregivers, no association was found between perceived caregiving stress and
change in TL (p=0.336). In contrast to earlier cross-sectional studies, this longitudinal, pop-
ulation-based study did not detect a significant relationship between the transition into a
family caregiving role and changes in TL over time. Given the widespread citation of previ-
ous findings suggesting that caregiving shortens telomeres and places caregivers at risk of

PLOS ONE | https://doi.org/10.1371/journal.pone.0268689  June 3, 2022

1/14


https://orcid.org/0000-0003-2105-0536
https://doi.org/10.1371/journal.pone.0268689
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0268689&domain=pdf&date_stamp=2022-06-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0268689&domain=pdf&date_stamp=2022-06-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0268689&domain=pdf&date_stamp=2022-06-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0268689&domain=pdf&date_stamp=2022-06-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0268689&domain=pdf&date_stamp=2022-06-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0268689&domain=pdf&date_stamp=2022-06-03
https://doi.org/10.1371/journal.pone.0268689
https://doi.org/10.1371/journal.pone.0268689
https://doi.org/10.1371/journal.pone.0268689
http://creativecommons.org/licenses/by/4.0/

PLOS ONE

Telomere length and the transition to caregiving

REGARDS project facilitates data sharing through
formal data use agreements. Investigators who
wish to access the data and code for these
analyses should send their requests to
regardsadmin@uab.edu.

Funding: This work was supported by the
cooperative agreement U01 NS041588 co-funded
by the National Institute of Neurological Disorders
and Stroke (NINDS) and the National Institute on
Aging (NIA), National Institutes of Health, and
Department of Health and Human Service. The
Caregiving Transitions Study was further
supported by an investigator-initiated grant (RF1
AG050609) from the NIA. Additional support was
provided by the Johns Hopkins University Claude
D. Pepper Older Americans Independence Center
funded by the NIA (P30 AG021334). The content is
solely the responsibility of the authors and does
not necessarily represent the official views of the
NINDS or the NIA. Representatives of the NINDS
were involved in the review of the manuscript but
were not directly involved in the collection,
management, analysis, or interpretation of the
data.

Competing interests: The authors have declared
that no competing interests exist.

early mortality, these results demonstrate the potential need of a more balanced narrative
about caregiving.

Introduction

An increase in life expectancy and an aging population has resulted in increased risk and prev-
alence of age-related diseases including autoimmune disorders, cardiovascular diseases, and
dementia [1]. Chronic stress has been widely studied as a potential risk factor for a variety of
illnesses [2, 3] and for reduced longevity [4, 5]. Because caring for a family member with a
chronic illness or disability can be a lengthy and highly stressful experience, family caregiving
has been viewed as an important paradigm to study the associations among stress, illness, bio-
markers, and longevity. A widely-cited study reported a 63% increase in mortality among
spousal caregivers who reported strain compared to spouses who were not caregivers [6]. This
early mortality finding served as a major scientific foundation for several subsequent studies of
possible biological mechanisms for the negative effects of caregiving on health and mortality.
Studies of immunity and inflammatory biomarkers, as well as telomere length (TL), appeared
promising due to their association with the rates of chronic disease and premature mortality
[7, 8]. Research on caregiving stress is widely viewed as one important focus in examining
chronic psychosocial stress and health outcomes, along with studies of early life adversity,
childhood abuse, stressful life events, work-related stressors, and financial strain [9].

Telomeres, the protective caps on the ends of chromosomes, play a key role in chromo-
somal stability. When telomeres become critically short, cells enter a state of replicative arrest,
or senescence, which is postulated to be a core driver of age-related decline and one of the hall-
marks of aging [10-12]. Previous studies have suggested an average TL attenuation of ~25 bp/
year in adults [13], longer TL in women compared to men [14, 15], and longer TL in African
ancestry populations [15, 16]. Furthermore, interventions such as physical activity and diet,
particularly in older adults, can help slow age-related reductions in TL [17-20]. A number of
cross-sectional studies have also shown that factors, such as chronic stress, are associated with
shorter TL [21-24], although a recent systematic review and meta-analysis concluded that
measures of perceived stress are only minimally associated with small decreases in TL (r =
-0.06) [21]. While there are few longitudinal studies examining changes in stressful life events
and TL, one recent study found that increases in self-reported stressful life events over time
were associated with subsequent declines in TL among monozygotic, but not dizygotic, twins
[25].

Family caregivers of older adults with dementia and other conditions often report high lev-
els of stress and have been studied as a group that might experience telomere shortening; how-
ever, previous findings on caregiving and TL are mixed. Three earlier cross-sectional studies
have reported a relationship between shorter TL and being a caregiver [12, 26], or between
shorter TL and longer duration of caregiving and higher perceived stress among caregivers
[27]. However, potential weaknesses of these initial studies included the use of cross-sectional
designs, caregiving sample sizes of 58 or fewer, and that both caregivers and non-caregiving
controls were recruited from convenience samples (e.g., clinics and support groups for care-
givers, volunteers for non-caregivers). Notably, convenience samples could lead to selection
biases since caregivers recruited from convenience samples typically report more distress than
those recruited via population-based approaches [28, 29].

More recent studies of caregiving and TL based in more general populations with larger
sample sizes have reported inconsistent results. One such study with 240 caregivers and 98
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non-caregiving controls reported no significant association between caregiving and TL but did
find subgroups (caregivers providing more hours of care, caring for younger people, or greater
strain) with shorter TL [30]. A population-based study of 563 caregivers and 627 non-caregiv-
ing controls found no significant associations between long-term patterns of caregiving inten-
sity and change in TL after an eight-year follow-up [31]. The most recently published study
examining the caregiving-TL relationship from the Cebu Longitudinal Health and Nutrition
Survey also observed no evidence of an association between chronicity of care and TL and sug-
gested that previous significant results linking caregiving and TL could be limited to certain
types of caregiving or be statistical artifacts due to small sample sizes [32].

Given these mixed findings, a recent review suggested that future research on psychosocial
stress and TL focus on longitudinal studies in population-based samples [9]. While the Nurses’
Health Study [31] examined changes in TL over an 11-year period, the first assessment of TL
in that study occurred after many of the participants were already caregivers. To the best of
our knowledge, there are no previous studies that have examined how the caregiving transition
(compared to non-caregiving) influences prospective changes in TL within the same
individuals.

The Caregiving Transitions Study (CTS) is an ancillary study to Reasons for Geographic
and Racial Differences in Stroke (REGARDS) cohort study. The CTS selected cases who
became family caregivers during follow-up and non-incident caregiving controls leveraging
longitudinal samples and measures of psychological distress. This design enabled examination
of whether the transition to incident caregiving was associated with greater changes in TL. We
further examined whether perceived caregiving stress was associated with TL within the care-
giving case group, and finally, whether TL was associated with a more general measure of per-
ceived stress in the full CTS. We hypothesized that the transition to caregiving would
constitute a form of chronic stress and that the transition to caregiving would be accompanied
by a reduction in TL. The rich data resource paired with banked samples in REGARDS
allowed the current study to address limitations of previous research yielding conflicting find-
ings on the relationship of caregiving stress and TL changes.

Methods
The REGARDS study

The REGARDS study is a national longitudinal study that enrolled 30,239 adults aged 45 or
older in 2003-2007. Participants were oversampled by design if they were residents of the
“stroke belt” region of the Southeastern United States or Black. Participants completed a com-
puter-assisted telephone interview (CATI) and an in-home visit where blood and urine sam-
ples were collected at baseline (visit 1), as well as a follow-up CATI and in-home visit ~9 years
later (visit 2). Additional detail on the REGARDS study have been described elsewhere [33].

Caregiver Transitions Study (CTS) participants

The CTS is a nested case-control study within REGARDS that enrolled REGARDS participants
who assumed a role as a family caregiver between the first and second REGARDS in-home
assessment. Additional details used to screen and enroll participants in the CTS have been
described previously [34]. Briefly, during the REGARDS baseline CATI, participants were
asked: “Are you currently providing care on an on-going basis to a family member with a
chronic illness or disability? This would include any kind of help such as watching your family
member, dressing or bathing this person, arranging care, or providing transportation?” Indi-
viduals who answered “no” were categorized as baseline non-caregivers. Approximately 12
years after the first in-home visit, a similar question was asked during a follow-up CATI to
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obtain updated caregiving status. Participants who answered “yes” to this question and “no” to
the baseline CATI question were screened for incident caregiver enrollment eligibility. Those
who answered “no” to both questions during the separate CATIs were eligible to serve as non-
caregiving controls. During the caregiving screening interview, each potential incident care-
giver reported the year and month that they started aiding the care recipient because of his or
her health problem. To be eligible, the onset of caregiving had to be at least 6 months after the
first REGARDS in-home assessment and blood draw and at least 3 months before the second
REGARDS in-home assessment and blood draw [34, 35]. For the incident caregivers who were
enrolled in the CTS, the reported date when caregiving began due to the care recipient’s need
for assistance with activities of daily living was 3.4 years (SD = 2.4), on average, before the sec-
ond REGARDS in-home assessment. Once an eligible incident caregiver was enrolled, a list of
individuals who matched that caregiver on seven factors from the REGARDS baseline CATI
including age within 5 years, sex, race, education level, marital status, self-rated health, and
self-reported history of cardiovascular disease was assembled. These persons were contacted
by telephone and screened for possible enrollment as non-caregiving controls in the CTS [34].

In the present telomere study, participants were included in analyses if they were enrolled
in the CTS and had both baseline (visit 1) and follow-up (visit 2) telomere measures, resulting
in a total of 413 participants (208 incident caregivers and 205 non-caregiving controls). The
REGARDS study and the CTS were both reviewed and approved by institutional review boards
of the University of Alabama at Birmingham and Johns Hopkins University. Written informed
consent was obtained from all participants prior to the first blood sample.

Covariates

The baseline (visit 1) characteristics included as covariates in general linear models were
reported age, race/ethnicity (non-Hispanic Black or non-Hispanic White), annual income
(Iess than $20,000/refused, $20,000-$34,000, $35,000-$74,000, or $75,000 and above), educa-
tional attainment (<high school graduate, some college, or college graduate and above), and
relationship status (married, single/other, divorced, or widowed). Baseline lifestyle and health
factors included information on cigarette smoking (current, past, or never), alcohol consump-
tion (current, past, or never), and baseline body mass index (BMI, kg/m?). Perceived stress
was measured during the follow-up CATI with the 4-item short form of the Cohen Perceived
Stress Scale (PSS) [36]. The PSS is a widely-used and previously validated [37] measure of the
degree to which participants evaluate the events and circumstance of their lives as being unpre-
dictable, uncontrollable, overloaded, or beyond their ability to manage [38]. Reponses to these
items were summed to create a total score, ranging from 0-16 (the current study range: 0-13)
and were analyzed as both a continuous variable and as tertiles (low, moderate, or high per-
ceived stress), as previously described in the CTS [38] and REGARDS [39].

Telomere length assay

The detailed descriptions of sample handling and processing, as well as details regarding the
qPCR assay and quality control, are summarized in S1 Table in accordance with guidelines
recommended by the Telomere Research Network (https://trn.tulane.edu). Briefly, TL assays
were conducted using stored DNA extracted from blood at the Pennsylvania State University
College of Health and Human Development Biomarker Core Lab (University Park, PA). DNA
concentrations were determined by the ThermoFisher Scientific Quant-iT dsDNA Assay kit
(ThermoFisher Scientific, Waltham, MA) using the manufacturers protocol. TL was deter-
mined using a modified qPCR assay developed by Cawthon [40]. A separate standard curve
for a single-copy gene was also performed that incorporates an 82bp duplex oligomer for the
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Interferon beta 1 (IFNBI) gene. Calculation of total TL per diploid genome for each sample
was performed by dividing the number of diploid genomes in the sample into the average
length determined from the telomere standard curve for each sample.

PCR amplifications were established using the QIAgility robotic workstation (Qiagen, Ger-
many). Real-time qPCR was performed using a Rotor-Gene Q 5plex HRM (Qiagen). The
Rotor-Gene Q also determined the threshold Ct values for both the telomere and IFNBI oligo-
mer standard curves for each plate. Each sample was run in triplicate and distribution of sam-
ples in the 100-well plate were blinded and randomized. DNA from a long telomere positive
control (cell line 1301; accession number 01051619, European Collection of Cell Cultures, UK
Equipment) was also included on each plate. To mitigate batch effects, at least 10 repeats from
reference controls were included with each run. To assure plate-to-plate consistency, the
median Ct threshold was determined across all plates for this cell line and used for each plate.
The interplate and intraplate coefficient of variation (+ standard deviation, SD) of the refer-
ence control was 13.8% (+0.9) and the 4.4% (+ 0.3), respectively. Importantly, both samples
(visit 1 and visit 2) from each individual were run on the same plate.

The median telomere value and the median IFNBI value were used to determine the telo-
mere-to-single copy gene ratio (T/S) for each sample. The T/S ratios (referred to as TL herein)
were calculated using the following equation:

-1

o CH(IFNBI)

. 2 Ct(telomere)
27A(/t — |:

Ct(telomere)

where is the cycle number to reach the PCR threshold for the telomere sample and
G, (ENBD 4

is the cycle number to reach the PCR threshold for the single copy gene, IFNBI.

Statistical analysis

Frequency distributions of TL (assessed as the T/S ratio) were examined at both the first and
second visits. These distributions were observed to be positively skewed and the natural loga-
rithm of the TL, In(T/S), was used in subsequent analysis to account for skewness. The depen-
dent variable in regression models was the change of TL over time and was defined as A(T/S)
=1In(V,)-In(V,), where V, and V, represent the T/S values at visit 2 and visit 1, respectively.
This is equivalent to A(T/S) = In(V,/V;) and was interpreted as a fold-change of TL ratios and
not the absolute difference between the two time points.

We used Tukey’s interquartile range (IQR) method to detect TL outliers at the first and sec-
ond visits separately using the natural logarithm transformed data. Briefly, any values that
were less than Q1-3* (Q3-Q1) or more than Q3 + 3*(Q3-Q1) were designated extreme outliers
and were set as missing. Using this method, we recorded one low value and two high values as
outliers for the first visit.

Descriptive analyses comparing caregiver and non-caregiver characteristics were per-
formed using y” tests or ¢ tests and all tests of significance were two-sided. We utilized the
method of least squares to fit general linear models controlling for sex, race, visit 1 age, and
visit 1 TL and examined the association between caregiving status (exposure) and the A(T/S)
(outcome) in a base model (Model 1). Additional models adjusted for cigarette smoking, alco-
hol use, and BMI (model 2), as well as income, educational attainment, and relationship status
(model 3). Secondary models performed within the caregiving sample adjusted for sex, race,
visit 1 age, and visit 1 TL length, and examined the associations between caregiving duration
and perceived stress at visit 2 and A(T/S). Bivariate correlations were performed between mea-
sures of TL, age, and perceived stress. Statistical significance was set at p<0.05 for all analyses.
All analyses were conducted in SAS version 9.4 (SAS Institute Inc., Cary, NC).
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Results

Descriptive information for the incident caregivers and non-caregiving controls are presented
in Table 1. The demographic and lifestyle baseline factors did not differ between caregivers
and controls except for BMI, where the mean (+SD) caregiver BMI was 30.66 (+6.43) versus a
mean control BMI of 28.74 (£6.23) (p = 0.002). The mean visit 1 TL (on the natural log scale)
for caregivers was 5.95 (£0.99) and 6.15 (+1.05) for non-caregiving controls (p = 0.049), while
the mean visit 2 TL (on the natural log scale) was 5.95 (+0.99) and 6.00 (+1.03) for caregivers
and controls, respectively (p = 0.588). TL at visit 1 and visit 2 were significantly correlated (r
(411) = 0.56, p<0.001), which indicated telomere stability over time. We also observed that
change in TL was significantly correlated (r(411) = -0.48, p<0.001) with visit 1 TL (S2 Table,
S1 Fig). The average percent A(T/S) per year follow-up for caregivers was 0.03%, while the
average percent A(T/S) per year follow-up for controls was -1.55% on the natural log scale.
When examining the cross-sectional relationships between TL, age at visits 1 and 2, or per-
ceived stress at visit 2, we did not observe any correlation between these variables in our data
(S2 Table).

Table 2 presents results for the three models examining the relationship between incident
caregiving status and change in TL. When adjusting for age at visit 1, sex, race, and TL at visit
1, we did not observe a significant association between the change in TL and caregiving status,
where caregivers had a nominal 1.06-fold increase in TL compared to controls (§ = 0.057,

SE = 0.08, p = 0.494). Upon further adjustment of BMI, cigarette smoking, and alcohol use
(model 2; B = 0.079, SE = 0.09, p = 0.352), as well as income, educational attainment, and rela-
tionship status (model 3; § = 0.089, SE = 0.09 p = 0.305), the null relationship between TL
change and caregiving status was unchanged.

Secondary models on the caregiving sample, adjusting for age, sex, race, and visit 1 TL,
showed change of TL was not significantly associated with perceived stress at time 2 or with
caregiving duration. Results were similar in a more fully adjusted model (Table 3). Evaluating
the change in telomere length across low, moderate, and high perceived stress categories did
not yield statistically significant differences across the entire CTS telomere subset, nor in the
caregivers (53 Table).

Discussion

In the current study, we examined the relationship between the transition to family caregiving
and the change in TL over a period of ~9 years, including on average, more than 3 years after
the caregivers transitioned into sustained and extensive caregiving roles. Previous studies on
TL and caregiving have yielded mixed and inconsistent results. Our longitudinal data from the
REGARDS population-based study suggest that caregivers, as a general group, do not show
significant change in TL or telomeric shortening over the first few years of caregiving com-
pared to similar participants who are not family caregivers. Our lack of TL differences between
caregivers and controls is consistent with other recent population-based studies [30-32] and
does not support earlier cross-sectional studies that found shorter telomeres among caregivers
compared to non-caregiving comparison samples [12, 26]. Our study is unique in examining
changes in TL from before to after the onset of caregiving among the sample of incident care-
givers versus controls in our analysis. Since one previous study [27] reported that longer dura-
tion of caregiving and higher perceived stress was associated with shorter telomere length
among caregivers, we also conducted analyses within the caregiving sample to assess the rela-
tionship of these factors to TL. We found no significant associations.

The heightened mortality of caregivers compared to non-caregivers in one initial study [6]
has not been replicated in several subsequent studies that have found the opposite pattern;
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Table 1. Descriptive characteristics for incident caregivers and non-caregiving controls.

Caregivers (n = 208) Controls (n = 205) p?
Age at visit 1 (years)® 59.84 + 7.64 59.42 £ 7.15 0.558
Sex
Female 136 (65.38%) 138 (67.32%) 0.678
Male 72 (34.62%) 67 (32.68%)
Race
Black 72 (34.62%) 71(34.63%) 0.997
White 136 (65.38%) 134 (65.37%)
BMI at visit 1 (kg/mz)C 30.66 £ 6.43 28.74 £ 6.23 0.002
Income
< $20k/Refused 36 (17.31%) 33 (16.10%) 0.348
$20-$34k 43 (20.67%) 38 (18.54%)
$35-$74k 87 (41.83%) 77 (37.56%)
> $75k 42 (20.19%) 57 (27.80%)
Educational Attainment
<HS graduate 60 (28.85%) 55 (26.83%) 0.286
Some college 65 (31.25%) 53 (25.85%)
>College graduate 83 (39.90%) 97 (47.32%)
Alcohol Use
Current 121 (58.17%) 120 (58.54) 0.754
Never 60 (28.85%) 63 (30.73%)
Past 27 (12.98%) 22 (10.73%)
Cigarette Use
Current 21 (10.10%) 14 (6.83%) 0.358
Never 111 (53.37%) 121 (59.02%)
Past 76 (36.54%) 70 (34.15%)
Relationship Status
Single/Other 19 (9.13%) 14 (6.83%) 0.650
Divorced 26 (12.50%) 25 (12.20%)
Widowed 13 (6.25%) 9 (4.39%)
Married 150 (72.12%) 157 (76.59%)
PSS, Visit 2¢ 3.06 + 2.64 247 +2.64 0.026
PSS, Visit 2 Tertile
Low (0-1) 71 (35.15%) 94 (45.85%) 0.008
Moderate (2-4) 69 (34.16%) 74 (36.10%)
High (5+) 62 (30.69%) 37 (18.05%)
Time between visits, years 9.30 + 0.96 9.28 £ 0.81 0.863
LN T/S, Visit 1 5.95+0.99 6.15+ 1.05 0.049
LN T/S, Visit 2 5.95+0.99 6.00 = 1.03 0.588
AT/S 0.00 £ 0.91 -0.14 £ 1.00 0.127

* Statistical significance set at p<0.05.

® Continuous traits are described as mean + SD; categorical traits are described as N (%).
¢ Participants missing data for BMI: n = 1 caregiver, 1 control; PSS, visit 2: n = 6 caregivers
Abbreviations: SD- standard error; BMI- body mass index; PSS- Perceived Stress Scale; LN-natural log; T/S- telomere to single copy gene ratio; AT/S- change in

telomere ratio (visit 2- visit 1).

https://doi.org/10.1371/journal.pone.0268689.t001
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Table 2. Effects of caregiving status on the change in TL (AT/S).

Model 1 Model 2 Model 3
B (SE)* P B (SE) P B (SE) P
Intercept 2.600 (0.44) <0.001 2.902 (0.53) <0.001 2.766 (0.58) <0.001
Caregiving Status

Control Ref. Ref. Ref.

Caregiver 0.057 (0.08) 0.494 0.079 (0.09) 0.352 0.089 (0.09) 0.305
Visit 1 TL -0.448 (0.04) <0.001 -0.452 (0.04) <0.001 -0.459 (0.04) <0.001
Visit 1 Age -0.001 (0.01) 0.906 -0.002 (0.01) 0.761 0.001 (0.01) 0.862
Sex

Male Ref. Ref. Ref.

Female 0.086 (0.09) 0.348 0.065 (0.10) 0.495 0.084 (0.10) 0.390
Race

White Ref. Ref. Ref.

Black -0.012 (0.09) 0.892 0.012 (0.09) 0.898 0.041 (0.10) 0.671
Visit 1 BMI -- -- -0.006 (0.01) 0.425 -0.004 (0.01) 0.534
Cigarette Smoking

Never -- -- Ref. Ref.

Current -- -- -0.169 (0.16) 0.282 -0.174 (0.16) 0.278

Past -- -- -0.091 (0.09) 0.338 -0.094 (0.10) 0.325
Alcohol Use

Never -- -- Ref. Ref.

Current -- -- 0.013 (0.10) 0.899 0.017 (0.10) 0.864

Past - - -0.107 (.015) 0.469 -0.107 (0.15) 0.476
Educational Attainment

<High school graduate -- -- -- -- Ref.

Some college -- -- -- -- -0.135(0.12) 0.248
>College graduate -- -- -- -- -0.107 (0.11) 0.331
Income

<$20k/refused -- -- -- -- Ref.

$20-$34k -- -- -- -- -0.023 (0.14) 0.870

$35k-$74k -- -- -- -- 0.073 (0.13) 0. 562

>$75k -- -- -- -- 0.154 (0.14) 0.288
Relationship Status

Single/Other -- -- -- -- Ref.

Divorced -- -- -- -- -0.041 (0.20) 0. 835

Widowed - - - - -0.272 (0.25) 0.268

Married - - - - -0.020 (0.17) 0.908

* Beta coefficient and SE are based on natural log ratios

® Statistical significance set at p<0.05

Abbreviations: SE- standard error; T/S- telomere to single copy gene ratio; Ref- reference group; TL-telomere length; BMI- body mass index (kg/m?)

https://doi.org/10.1371/journal.pone.0268689.t002

increased longevity among caregivers [28, 41]. Similarly, initial studies of small convenience
samples suggested markedly increased inflammation in caregivers [42], but several more
recent studies have detected only minimal elevations in inflammation among caregivers, and
no significant effects have been detected in most population-based studies [35, 43]. The find-
ings in the caregiving literature on mortality, inflammation, and TL seem to show a pattern
that has been identified more broadly in multiple scientific literatures, where small, early stud-
ies with dramatic effects are often heavily cited and highly influential even when subsequent
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Table 3. Effects of PSS and caregiving duration on AT/S in caregivers.

Model 1 Model 2
*B (SE) °P *B (SE) °P

Intercept 3.056 (0.61) <0.001 3.419 (0.87) <0.001
Visit 2 PSS -0.021 (0.02) 0.336 -0.022 (0.02) 0.354
Caregiving Duration (year) 0.020 (0.02) 0412 0.025 (0.03) 0.330
Visit 1 TL -0.427 (0.06) <0.001 -0.433 (0.06) <0.001
Visit 1 Age -0.008 (0.01) 0.285 -0.007 (0.01) 0.432
Sex

Male Ref. Ref.

Female -0.068 (0.13) 0.601 -0.057 (0.14) 0.683
Race

White Ref. Ref.

Black 0.111 (0.13) 0.377 0.204 (0.14) 0.137
Visit 1 BMI - - -0.010 (0.01) 0.372
Cigarette Smoking

Never -- -- Ref.

Current -- -- -0.324 (0.21) 0.119

Past -- -- -0.084 (0.13) 0.534
Alcohol Use

Never -- -- Ref.

Current -- -- -0.027 (0.15) 0.856

Past -- -- -0.273 (0.20) 0.181
Educational Attainment

<High school graduate -- -- Ref.

Some college -- -- 0.011 (0.16) 0.943

>College graduate -- -- -0.079 (0.16) 0.616
Income

<$20k/refused -- -- Ref.

$20-$34k -- -- -0.198 (0.20) 0.317

$35k-$74k -- -- -0.212 (0.17) 0.227

>$75k -- -- 0.065 (0.21) 0.759
Relationship Status

Single/Other -- -- Ref.

Divorced -- -- 0.049 (0.28) 0.858

Widowed -- -- -0.271 (0.33) 0.417

Married -- -- 0.159 (0.23) 0.495

? Beta coefficient and SE are based on natural log ratios.

b Statistical significance set at p<0.05

Abbreviations: PSS- Perceived Stress Scale; SE- standard error; T/S- telomere to single copy gene ratio; Ref- reference group; TL-telomere length; BMI- body mass

index (kg/mz)

https:/doi.org/10.1371/journal.pone.0268689.t003

larger studies often fail to replicate those initial results [44]. Widespread, negative information
about caregiving that has not been substantiated has the potential to discourage many family

members from taking on caregiving responsibilities, or unnecessarily alarming them over

exaggerated risks to their own health.

The recent null results on telomere shortening among caregivers from this study and others
[30-32] should be considered in the broader context of other recent challenges to the common
narrative that caregivers are at heightened risk for major negative health outcomes. It has been
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hypothesized that a major stress exposure, such as caregiving, can lead to chronically high lev-
els of perceived stress and/or psychological stress arousal leading to a reduction in telomere
maintenance and thus a reduction in TL [21, 45]. Previous studies have explored the relation-
ship between TL and health, and have found shorter TL to be a risk factor for diseases of aging
such as cancer [46] and cardiometabolic dysfunction [21, 47]. In the current study, while we
observed differences in the degree of perceived stress between caregivers and controls, we did
not find any association with perceived stress or the caregiving transition and changes in TL
among all ~400 participants or in the caregiving subpopulation.

Another major challenge in this area of research on TL pertains to issues surrounding the
measurement of TL itself in the context of a longitudinal design. As with our work, many of
the prior studies rely on qPCR-based measurements in whole blood, with only a few excep-
tions using the less common, laborious Southern blot (SB) approaches. Nettle et al has recently
shown that even where cross-sectional correlations between SB and qPCR at baseline and fol-
low-up visits are high, the correlation between SB and qPCR for the change in leukocyte TL
between the two visits can be considerably lower due to errors introduced at each time point
in the qPCR assay [48]. In our study, intraplate coefficient of variation (+ SD) of the reference
control was 4.4% (+ 0.3) suggesting high quality of our assay especially as all samples per per-
son were run within a single plate (i.e., visit 1 and visit 2 samples were on the same plate).
Nonetheless, despite the high-quality data, we do recognize the limitations implicated with
qPCR as a tool for examining longitudinal changes in TL. We observed minimal correlations
between age and cross-sectional TL or the change in TL. This may be due to smaller age-
related effects compared to the variability in qPCR. Furthermore, REGARDS enrolled partici-
pants over the age of 45 in a population-based study, and therefore, more extreme telomere
changes due to stress could be observed in younger individuals or individuals within a clinical
setting.

The present study has several strengths. We selected participants from a large, population-
based, national study. Compared to studies of convenience samples, our study should improve
generalizability of findings. Second, REGARDS is well-phenotyped, allowing for inclusion of
several potential socioeconomic and/or lifestyle factors previously associated with disease and/
or chronic stress [49, 50]. Last, the longitudinal nature of this study with ~9-year follow-up
range describes the long-term impact of incident caregiving on cellular aging and TL. Limita-
tions to our study include the self-report nature of the caregiving variables and the other
behavior measures used as covariates. Thus, reporting biases could potentially influence our
results. In addition, the second blood sample was taken an average of 3.4 years after the care-
givers transitioned into the caregiving role, and longer durations of caregiving may show a
more dramatic impact on TL and other biological sequalae of chronic caregiving stress.

In conclusion, this study provides important evidence from a longitudinal study that fails to
support any meaningful association between a transition to family caregiving and telomere
shortening over the first 3+ years of the caregiving experience. Future work on the TL over
time could focus on how caregiving strain, chronicity, or the type of caregiving (e.g., to a par-
ent, spouse, or child; dementia/cognitive impairment or physical impairment caregiver) might
be associated with TL. Ultimately, more research to address the complex relationship between
caregiving and measures of cellular aging is needed to improve the well-being of caregivers
and care recipients.
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