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Shorter telomeres among individuals with physical disability: The moderating

role of perceived stress

Abstract
Objectives: Evidence suggests that individuals with physical disability may suffer
from psychological distress and accelerated cellular aging, manifested by shortened
telomere length (TL), compared with healthy individuals. Studies indicate that high
levels of perceived stress and depression may increase the physiological susceptibility
and thus, may contribute to a short TL. However, the moderating role of perceived
stress and depression within the relationship between physical disability and TL
remains unknown. Methods: The participants consisted of 119 male subjects (mean
age 54.36 years, range 35—70). Of them, 30 were able-bodied and 86 had a physical
disability: 34 were due to Poliomyelitis (polio) and 55 were due to spinal cord injury
(SCI). Blood samples for TL analysis were collected; the participants completed
questionnaires and underwent disability evaluation. Results: Participants with
disability had a shorter TL as well as elevated levels of perceived stress and
depression compared with able-bodied controls. Both the perceived stress and
depression were correlated with a shorter TL. Nonetheless, perceived stress, rather
than depression, moderated the relationship between disability and TL; among
participants with higher perceived stress levels, in particular, individuals with physical
disability had a shorter TL than the able-bodied controls. Discussion: The present
findings suggest that individuals with physical disability and who exhibit high levels
of perceived stress may be particularly vulnerable for accelerated cellular aging,
suggesting that perceived stress can be used as a valuable target for intervention.
Keywords: Poliomyelitis, spinal cord injury, perceived stress, depression, premature

ageing, telomere length.



Introduction

Natural aging involves a gradual decline in physical and mental functioning,
and a higher risk of diseases and disabilities (Ferrucci et al., 2020). Although
normative, these processes proceed at varied paces and exhibit diverse manifestations
among individuals; they are determined by different factors including genetic
predispositions, personal circumstances, and social and medical sources of influence
(WHO, 2018). Research indicates that chronic physical disability may also explain
heterogeneity in the aging process and that individuals who suffer from physical
disability due to a spinal cord injury (SCI) or Poliomyelitis (polio) may also suffer
from accelerated aging.

Longitudinal studies have shown that SCI is associated with premature aging,
manifested by an accelerated deterioration in several body systems such as the
cardiovascular, endocrine, immune, and respiratory systems (Jensen et al., 2013; Li et
al, 2020). Furthermore, the clinical complications following SCI can lead to immune
system frailty (Hitzig et al., 2011). Although research on accelerated aging has been
scarce among survivors of polio, some findings point to the delayed effects of the
disease even many decades after recovery (Chu & Lam, 2019). These include
complications that are typically age related, such as arthritis and osteoporosis, which
similarly to SCI, tend to appear chronologically earlier among this population,
implying an accelerated aging process (Chu & Lam, 2019). This apparent accelerated
aging process among individuals with SCI or polio may also take place at a cellular
level, manifested by the telomere length.

Cellular telomeres are specific DNA—protein structures located at the ends of

each chromosome. Their unique structure protects the integrity of the DNA by



preventing deterioration and faulty recombination; it serves as a central mechanism
for regulating cellular life span (Liu et al., 2019). Every cell division brings about a
shortening in telomere length (TL); thus, TL serves as a biomarker of cellular
senescence (Liu et al., 2019). Accordingly, evidence has indicated a link between
shorter telomeres and age-related conditions such as arthritis, hypertension, and
cardiovascular illness, as well as early mortality (e.g., Arbeev et al., 2020).

Studies on individuals with SCI have shown that the severity of SCI was
associated with TL, and that the clinical characteristics of SCI, such as bladder
dysfunction or problems with mobility were associated with a shorter TL (Monroe et
al., 2019). To the best of our knowledge, however, no study has explored TL among
individuals with polio, who may exhibit similar health-related problems. Furthermore,
within the relationships between SCl/polio and TL, the role of psychological distress,
which often occurs in these conditions, has not been investigated.

Living with a physical disability may entail an ongoing struggle to maintain
psychological and biological equilibrium, a process that may involve elevated
perceived stress and depression (O’Donnell et al., 2005; Kariuki et al., 2011).
Evidence indicates that perceived stress and depression often co-occur in the context
of coping with disabilities (Slavich & Irwin, 2014) and may predict each other (Beck,
1967). Individuals with physical disability such as SCI or polio may not only face
multiple challenges in their day-to-day life—they may also appraise them as
demanding and beyond their ability to cope, a phenomenon known as perceived stress
(Lazarus & Folkman, 1994; Lequerica et al., 2010). This experience, in turn, may
adversely affect individuals' capacity to cope with a disability (Jang et al., 2004;

Kobasa et al., 1982) and may contribute to depression symptoms.



Studies among individuals with SCI show a higher probability of mental
distress, with clinical levels of depression being the most common psychological
outcome (Saunders, Krause, & Focht, 2012). Similarly, a robust association has been
found between paralytic poliomyelitis and depression (Pierni & Stuifbergen, 2010).
For both populations, the presence of depression may increase the risk for accelerated
cellular aging. Research among various populations, including individuals with
chronic illnesses or disabilities (Wolkowitz et al., 2011), has consistently reported
relationships between depression and a short TL. Although less consistent, studies that
explored TL with regard to stress have suggested that elevated perceived stress may
also be associated with a shortened TL (Epel et al., 2004; Rentscher, Carroll., &
Mitchell, 2020).

Nevertheless, the moderating role of perceived stress and depression within
the relationships between physical disability and TL remains unclear. Specifically,
whether elevated perceived stress and depression symptoms intensify the negative
implications of physical disability on TL, remains to be investigated. Elevated
perceived stress or depression may take a physiological toll (Wolkowitz et al., 2011),
which could engender higher vulnerability to the adverse effects of physical disability
on accelerated cellular aging. According to this reasoning, individuals with polio or
SCI, and who also suffer from elevated perceived stress or depression, may
experience allostatic overload (Slavich & Urwin, 2013), which may drive several
biochemical processes, such as higher levels of inflammation and oxidative stress
(Epel & Prather, 2018), and thus may amplify the detrimental effects of physical
disability on cellular erosion. The current study explored these suppositions for the
first time. In light of the literature reviewed above, we hypothesize the following

hypotheses 1) participants with physical disability due to SCI or polio will have



shorter TL compared to able-bodied controls, and 2) perceived stress and depression
will moderate the relationship between physical disability and TL — while overall
participants with physical disability will have shorter TL compared with able-bodied
controls, this difference will be greater under conditions of elevated perceived stress
or depression.

Methods
Participants

A total of 119 participants (mean age 54.36 years, range 35—70) took part in
the current study. Among them, 30 were able-bodied and 89 had a physical disability:
34 due to polio and 55 due to SCI. The sample included only males, given the known
differences in TL as well as in the telomere attrition rate between genders (Ghimire et
al 2019). Inclusion criteria for all the participants were as follows: 1) good health and
lack of substantial medical conditions other than SCI or polio (or a history of such
conditions) according to individual reports, which were randomly confirmed by cross
checking medical records and 2) intact cognition and the ability to comprehend and
complete questionnaires. Able-bodied individuals were recruited from the employee
population at [masked for review]. Participants who had a physical disability were
recruited from the outpatient clinics of the Department of Neurological Rehabilitation,
[masked for review] or from [masked for review]. Recruitment was done by ads and
flyers that were available at the rehabilitation centers. Individuals who agreed to
participate in the study were contacted for further explanations and upon their
agreement, they signed a consent form and were invited for data collection. The
present study was approved by the Helsinki Committee of [masked for review] and
the Institutional Review Board of [masked for review].

Procedures



The study was cross sectional. An enrolment ratio of 3:1 for the disability group
and the able-bodied group, respectively, was chosen based on the expected
homogeneity among able-bodied participants vs. participants with a physical
disability in regards to the study variables. According to sample size calculations a
total sample of 90 participants was sufficient for the moderation analyses, assuming
medium-sized effects, with 0.80 power and 0.05 probability of Type I error. However,
considering that the disability group consisted of two subpopulations, the total sample
size was increased by 30%.

Each participant was invited to a single testing session. Prior to data collection,
each participant signed a consent form after receiving a full explanation of the study's
goals and protocols. Afterwards, the participants were interviewed by the physicians
using a structured questionnaire and completed self-reported questionnaires (in a
random order). In addition, venous blood was sampled from each participant in the
same testing session, in order to analyze TL.

Measures

Telomere Length. Terminal Restriction Fragment (TRF), representing TL, was
measured by Southern blotting with a DIG-labeled probe according to the manual
provided in the TeloTAGGG Telomere Length Assay (Roche, Mannheim, Germany).
A detailed protocol is presented at the supplemented materials and methods.
Perceived Stress Scale (PSS). Perceived stress was measured via PSS (Cohen et al.,
1983). This scale assesses individual's stress during the last month and indicates the
frequency of feelings and thoughts that occur in stressful situations such as irritation,
lack of control over a situation, lack of the ability to cope with demands, and more.
The scale consists of 14 items: half of them describe negative experiences and the

other half describes positive coping. Participants rated their responses on a 5-point



Likert-type scale ranging from "0" (never) to 4 (very often). After the seven positive
items were reversed, the final score was obtained by averaging all 14 items. In this
study, Cronbach alpha was .93.
Depression symptoms. Depression symptoms were measured via the Beck
Depression Inventory (BDI; Beck, 1967). This inventory includes 21 items in which
each item is rated on a scale from 0 to 4. A total score is computed by summing the
items. The BDI shows high internal consistency, with a Cronbach’s internal reliability
of a = .86 and a = .81 for psychiatric and non-psychiatric populations, respectively
(Beck, Steer, & Carbin, 1988). In this study, Cronbach alpha was .94.
Background Variables. Data on demographics, including chronological age, years of
education, occupational status, and marital status were obtained through
questionnaires. Participants reported their weight and were asked if they perform
physical exercise on a regular basis (yes/no). The functional assessment of the
participants was carried out using the Functional Independence Measure (FIM; Keith
etal., 1987), which was completed by a trained rehabilitation nurse. The grading of
the 18 items, which comprise the six domains of function (self-care, sphincter control,
transfers, locomotion, communication, and social cognition) range from "requiring
total assistance = 1" to "completely independent=7". In addition to the sum score of
all the items combined, a FIM score > 90 was used to indicate a mildly impaired
functional state requiring only minor assistance (Luk et al., 2006). In this study,
Cronbach alpha was .96.
Analytic Strategy

Data were analyzed using IBM SPSS Statistics 25 and the PROCESS
computational macro. Continuous variables are presented as the means and standard

deviations and the categorical variables as medians and interquartile range.



10

Dichotomous variables are presented as percentages. F-tests or Chi Square tests were
conducted to determine the differences in the study’s variables between study groups.

Given that research has indicated that occupational status was linked with
depression; that age and weight were associated with shorter TL (e.g., Mundstock et
al., 2015); and as found in our previous study on the same dataset (Lahav et al., 2021)
that physical exercise was associated with longer TL, these factors served as a
covariate in the present analysis.

To assess the differences in TL between participants with a physical disability
of polio or SCI and able-bodied participants, after adjusting for age, occupational
status, weight, and physical exercise, a One-way Analysis of Covariance (ANCOVA)
was conducted. To examine the relationships between depression and perceived
stress, on the one hand, and TL on the other, after adjusting for age, occupational
status, weight, and physical exercise, two linear regression models were conducted.
These models included the covariates in the first step and depression or perceived
stress in the second step of the model.

To assess the moderating role of perceived stress and depression, in the
relationship between physical disability and TL, two hierarchical regression analyses
were conducted for perceived stress and depression, respectively. The analysis
included five blocks: The first block consisted of chronological age. The second block
consisted of physical disability. The third block consisted of occupational status,
weight and physical exercise. The fourth block consisted of perceived stress or
depression symptoms. The fifth block consisted of the interactions between physical
disability, on the one hand, and perceived stress or depression symptoms, on the other
hand. All the variable scores were standardized. Next, significant interactions were

probed using the PROCESS computational macro (Hayes, 2012).
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Results
Background characteristics, depression, perceived stress, and the study group

For the entire sample, the average levels of perceived health and depression
were 22.88+10.97 and 27.84+8.54 respectively and ranged between 1 and 43 and
between 21 and 52, respectively. The average level of FIM score was 91.66+21.87
and ranged between 50 and 126.

Table 1 presents the background characteristics as well as the levels of
depression and perceived stress among participants with polio, participants with SCI,
and able-bodied participants. As can be seen, the participants with polio were
somewhat older than those with SCI and the able-bodied controls. Participants with
SCI had more years of education than the other two groups. There were also
differences in the prevalence of employment and physical exercise between the three
groups. Able-bodied participants had the highest frequency of employment, followed
by participants with polio and participants with SCI. A greater proportion of
participants with polio engaged in physical exercise, compared with that of
participants with SCI and the able-bodied participants.

As expected, a significantly smaller proportion of participants with polio or
SClI had a FIM score > 90 compared with the able-bodied participants, indicating that
the majority of the polio group required assistance; there was no difference between
the SCI and polio groups. Similarly, the levels of depression and perceived stress were
significantly higher among the SCI and polio groups, compared with the able-bodied
participants; the SCI and polio groups were similar to each other.

TL Descriptive information
The maximum value of TL for the entire sample was 10.1 kilo base pairs (kb)

and the minimum was 3.20, with a mean of 6.24+1.66. Descriptive information for TL
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was examined using a histogram, skewness and kurtosis values, as well as by a critical
assessment of any outliers for possible exclusion from the analyses or for making
required adjustments. Telomere length was checked using recommended skew values
of less than 2 and kurtosis values of less than 7. Skew values between 2 and 3 and
kurtosis values less than 10 were considered as moderately non-normal (Curran, West,
& Finch, 1996). Telomere length was in the recommended acceptable range for
skewness (0.40) and kurtosis (—0.70), with no outliers.
Physical disability and TL

The results of the ANCOVA test, which explored the differences in TL
between participants with a physical disability and able-bodied participants, revealed
a significant difference between the study groups, after adjusting for age, occupational
status, weight, and physical exercise (F (2, 112) = 26.75, p<.001). Post-hoc analyses,
which compared the three groups, indicated that the able-bodied participants had
longer telomeres than both the participants with polio, and those with SCI (see Figure
1). However, no difference was found between participants with polio, and those with
SClinTL.
Perceived stress, depression, and telomere length

The results of the regression analysis indicated significant negative
relationships between perceived stress and TL (8 = —.74, p<.001, 95% CI [-.93, -.66])
as well as between depression and TL (8 = —.52, p<.001, 95% CI [-.72, -.40]), after
adjusting for age, occupational status, weight, and physical exercise. This indicates
that elevated perceived stress and depression symptoms were associated with shorter
telomeres, beyond the effect of age, occupational status, weight, and physical
exercise. A supplementary analysis indicated significant relationships between

perceived stress and depression (r=.59, p<.001).
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Physical disability and telomere length — the moderating roles of depression and
perceived stress

Two hierarchical regression models were conducted to assess the moderating
role of perceived stress and depression, regarding the relationships between physical
disability and TL. Given that no differences in telomere length were found between
participants with polio and those with SCI, physical disability was treated as a dummy
variable. The absence of physical disability was coded 0 and its presence was coded
as 1.

The hierarchical regression exploring the moderating role of depression
explained 53.7% of the variance of telomere length, F(7,111) = 18.38, p < .001 (see
Table 2). The model revealed significant effects for chronological age only, and the
interaction between physical disability and depression was non-significant (p =.91).
The hierarchical regression exploring the moderating role of perceived stress
explained 67.5% of the variance of telomere length, F(7,111) = 33.00, p < .001 (see
Table 3). The model revealed significant effects for chronological age, physical
disability, and perceived stress. A physical disability of polio or SCI, a higher age and
elevated levels of perceived stress were associated with shorter telomeres. The
interaction between physical disability and the perceived stress was significant. The
supplementary analysis indicated that this interaction remains significant after
removing all covariates from the model (p =.03).

The significant interaction between physical disability and the perceived stress
was probed using the PROCESS (Model 1) computational macro (Hayes, 2012) by
computing the conditional effects at 1 SD below and 1 SD above the mean of the
moderator, i.e., the levels of perceived stress. Results indicated that the relationships

between physical disability and TL were governed by the levels of perceived stress.
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Whereas among participants with lower perceived stress levels there was shorter TL
in individuals with physical disability compared with able-bodied controls (B = -.25, p
=.012), among participants with higher perceived stress this difference was
significantly greater (B = -.98, p = .00; see Figure 2).

Supplementary analyses exploring the role of perceived stress and depression,
regarding the relationships between physical disability and TL, while utilizing the
FIM score as an indicator for physical disability, revealed similar trends: The
interaction between physical disability and depression was non-significant (p =.11),
but then again, the interaction between physical disability and perceived stress was
significant (B = -.23, p =.003). Probing this interaction indicated that whereas among
participants with lower perceived stress levels there was shorter TL in individuals
with physical disability compared with able-bodied controls (f = -.16, p = .05), among
participants with higher perceived stress this difference was significantly greater (f =
-.67, p = .00).

Discussion

The present study investigated the role of perceived stress and depression in
TL, among participants with physical disability (SCI or paralytic polio) compared
with able-bodied controls. Participants with a disability had a shorter TL as well as
elevated levels of perceived stress and depression compared with able-bodied
controls; no differences were found between the SCI and polio subgroups.
Interestingly, although both perceived stress and depression were associated with TL,
the final model indicated that the contribution of perceived stress in explaining TL
was greater than that of depression. Furthermore, perceived stress rather than

depression moderated the relationship between disability and TL. To the best of our
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knowledge, these findings are novel; next we will elaborate on their possible
interpretations.

The shorter TL among participants with SCI compared with controls confirms
previous reports on an age-adjusted association between the severity of SCl and a
shorter telomere length; those with severe injury had a shorter TL (Monroe et al.,
2019). Our finding is in agreement with reports on the accelerated deterioration of
various body-systems (Sun et al., 2016) and age-related complications (Jensen et al.,
2013) among participants with SCI. To the best of our knowledge, this is the first
report on shortened TL among participants with polio, indicating that as in SCI, this
type of disability is also associated with cellular senescence. Other neurological
conditions leading to disability, such as multiple sclerosis, have also been associated
with a shorter TL (e.g., Guan et al., 2015).

Generally, TL exhibits a linear decline from the mid-50s to the mid-70s age
groups, by about 8% (e.g., Ghimire, Hill, Sy, & Rodriguez, 2019). Here we show that
TL was reduced among the SCI and polio groups by about 30%, compared with able-
bodied controls, despite adjusting for age, which is quite substantial. Furthermore, the
TL of the participants in the SCI and polio groups resembles that of older individuals
(mean age 77.5 years) whose TL was analyzed by members of our group (Uziel et al.,
2018). We thus can conclude that SCI and polio are associated with a significant
accelerated aging on a cellular level.

The similar TL among the SCI and polio groups may result from the similar
disability status of the groups. Despite the polio group having a somewhat higher FIM
sum score than the SCI group (83 vs. 78, respectively), this difference is not clinically
significant. Furthermore, among both groups, a similar percentage of participants had

a FIM score > 90 (20.6 vs 12.7%, respectively), the cut off for mild impairment,
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suggesting that they possess a similar functional disability status. Interestingly, TL
was similar among participants with SCI and polio despite the fact that the polio
group had experienced a disability from childhood, whereas those with SCI acquired
it in adulthood (from the age of 18 years and above). Perhaps TL has a floor effect,
namely, that it has a minimal length per age in pathological conditions, and the
duration of disability had no additional effect on TL over the presence of the
disability. The similar TL among these groups may also suggest that the disability
itself, rather than the underlying cause of disability (either a traumatic injury or an
ilness, respectively) has a greater impact on accelerated ageing.

Several biological factors may underlie a shorter TL among participants with
SCI and polio; these include oxidative stress and systemic inflammation (Gavia-
Garcia et al., 2021; Jensen et al., 2013; Sun et al., 2016), hypertension (Tellechea &
Pirola, 2017) or increased body mass index (Atowoju, Adegoke, & Babalola, 2015),
conditions that may be more frequent among participants with physical disability.
However, in a recent study among participants with SCI, TL was neither associated
with the aforementioned conditions nor with other biological indices (Monroe et al.,
2019). In addition, in the present study, the two groups did not differ in their weight.
Reduced physical activity subsequent to mobility restrictions may also explain
cellular senescence among participants with physical disability, since it has been
found to be associated with TL (Puterman et al., 2010). However, in the present study,
participants with disability were more active than the able-bodied controls, suggesting
that this explanation is less likely. Furthermore, in the final model, neither physical
activity nor weight significantly contributed to TL. Note that participants of both
disability groups participate regularly in sport activities as part of their continuous

outpatient rehabilitation programs. Although physical activity has been suggested to
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mitigate cellular senescence (Denham et al., 2016) and despite the relatively active
lifestyle of the participants with physical disability, their TLs were shorter than those
of the able-bodied participants. Hence, it appears that other factors may have
contributed to the shorter TL found among the disability groups.

Participants with SCI or polio had elevated levels of perceived stress and
depression, compared with the able-bodied participants, a finding consistent with
previous reports (Kariuki et al., 2011). This finding may reflect the effects of multiple
challenges, as well as struggles and losses that individuals with SCI or polio face as a
result of their physical disability. Both manifestations of psychological distress may
take a toll on the physiological system, and may contribute to accelerated aging.
Indeed, previous research in populations other than those with physical disability has
revealed that depression or perceived stress is associated with shortened TL (Schutte
& Malouff, 2016) as well as with an increased rate of age-related diseases
(Wolkowitz, Reus, & Mellon, 2011); the latter is another biological indicator of
accelerated aging. The present findings indicate, for the first time, that elevated
perceived stress was not only associated with a short TL—it also moderated the
relationships between disability and TL; among participants with higher perceived
stress levels in particular (as opposed to those with lower perceived stress levels),
individuals with physical disability had a shorter TL than did the able-bodied controls.

The moderating role of perceived stress may be explained via the allostatic
model. Exposure to acute stressors leads to an adaptive activation of the metabolic
and immune systems, known as “allostasis”, which subsides after the stressors cease
(Slavich & Irwin, 2014). Nevertheless, an enduring exposure to stressors may result in

“allostatic overload”, i.e., excessive, dysregulated activation of these systems, which
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in turn, wears down the physiological system and subsequently modifies body and
brain functioning (McEwen, 2013).

The allostatic model of stress has been reported to be a central mechanism
underlying the deleterious influences on health among different target populations. Its
effects may be accumulated throughout a lifetime, thus impacting the susceptibility of
individuals with disabilities to accelerated aging (Cao et al., 2020). This mechanism is
particularly relevant regarding subjective or perceived stress. Individuals with
disability and who suffer from high perceived stress levels may appraise disability-
related challenges and other difficulties and struggles in their lives, in a manner that is
negative, threatening, and beyond their ability to cope (Galvin & Godfrey, 2001). This
type of appraisal may be implicated in a cascade of biochemical changes including
increased inflammation and oxidation and the release of stress hormones, which have
been associated with a shorter TL (Steptoe et al., 2017). Thus, higher perceived stress
levels may hamper the function of bodily systems and exacerbate the negative
implications of physical disability on cellular aging.

Interestingly, depression did not moderate the association between disability
and TL, despite its higher levels among the disability groups. Although depression has
been associated with a shorter TL (Lahav et al., 2018; Slavich & Irwin, 2014), some
studies indicate that the underlying role of stress is at the heart of allostatic
dysregulation (Lex et al., 2017). It has been suggested that stressful life events set off
a chain of biological responses, including inflammation, and that these, in turn,
contribute to the development of depression (Slavich & Irwin, 2014). Similarly, stress
and stress responses have been claimed to be involved in the development of
depression (Wichers et al., 2009), placing stress as a possible precursor, not only for

accelerated cellular aging, but also for depression. Thus, stress appraisals may play a
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prominent role in intensifying the implications of physical disability on cell
senescence over depression, and perhaps they also induce a greater burden on
allostasis (Monroe & Harkness, 2005).

Several limitations should be considered. First, given the gender effect on TL
(Ghimire et al 2019), we enrolled only male participants, which limits the
generalization of the conclusions to females. Second, the sample size is relatively
small and lacked a priory group matching for age and education. Future, larger sample
studies can better match the groups for background variables and consider additional
biomarkers (e.g. pro- inflammatory and oxidative stress) in order to further illuminate
mechanisms underlying shorter TL among people with physical disability. Third, as
cell composition may vary across participants, we cannot rule out its possible
influence on the reported TL. Fourth, since this is a cross sectional study, we cannot
infer causality regarding the association between disability, perceived stress, and TL.
Lastly, although the questionnaires assessing depression and perceived stress have
relatively high validity (e.g., Beck et al 1988), they may be subject to biases related to
self-reporting. It is recommended that future studies include clinical evaluations or
stress biomarkers, in addition to self-reports in order to validate the stress levels.

In summary, the present findings indicate that participants with disability have
a shorter TL than do the able-bodied controls, and that perceived stress, rather than
depression, moderates the association between disability and TL. The findings shed
light on the toll of stress among individuals with physical disability and its
relationship with premature ageing. Furthermore, the findings suggest that
interventions targeting subjective interpretations and perceptions related to stress may
mitigate premature aging among individuals coping with SCI or polio-related

disabilities. Outcome studies addressing perceived stress among non-disabled
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individuals seem promising (Stillwell et al., 2017) and may encourage studies on the

use of similar interventions in disability cases.
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Table 1: Characteristics of the study groups (n=119)

29

Participants with Participants with Able-bodied F or X? Group
Poliomyelitis (a) spinal cord injury (b) parti(t;iggg’;s (©) comparison
(n =34) (n=55)

Age (M,SD) 59.97 (4.12) 53.13 (7.72) 50.27 (8.03)  17.01*** a>h,c
Years of education (M,SD) 12.12 (2.34) 14.91 (3.55) 12.90 (2.29) 10.20*** b>a,c
Marital status (married: n,%) 30 (88.2) 37 (67.3) 26 (86.7) 8.72 -
Occupational status (employed: n, %) 19 (55.9) 23 (41.8) 30 (100) 27.92%** -
Physical exercise (exercise: n, %) 21 (61.8) 29 (52.7) 8 (26.7) 8.51* -
Weight (M,SD) 83.29 (14.39) 80.00 (13.81) 80.9 (15.04) 0.55 -
FIM score (> 90 :n,%) 7 (20.6) 7(12.7) 30 (100) 68.93*** -
Depression Symptoms (M,SD) 27.71 (8.51) 31.35 (8.95) 21.57 (1.10) 15.97*** a,b>c
Perceived Stress (M,SD) 25.00 (10.05) 27.45 (9.56) 12.10 (6.24) 29.57*** a,b>c

Note: M= mean, SD= standard deviation, n= number, FIM= Functional Independence Measure. *p<0.05; ***p<0.001. The group comparisons
column refers to F-tests only and compares the mean level of the variable in each group: a = Participants with Poliomyelitis, b=Participants with

spinal cord injury; c= Able-bodied participants.
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Table 2: Regression model exploring the moderating role of depression regarding the

relationship between physical disability and telomere length (n=119)

B R? change
Block 1
Age - 52x** .10
Block 2
Age -.22 .33
Physical disability - 13***
Block 3
Age -.26* .02
Physical disability - I5F**
Occupational status .02
Weight .05
Physical exercise 14
Block 4
Age - 31x** .09
Physical Disability - 55***
Occupational status -.03
Weight .03
Physical exercise .04
Depression symptoms -.39***
Block 5
Age -.31** .00
Physical Disability -.50
Occupational status -.03
Weight .03
Physical exercise .04
Depression symptoms -44
Physical Disability X Depression symptoms .06

Note: All study variables were standardized. *p<0.05; **p<0.01; ***p<0.001
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Table 3: Regression model exploring the moderating role of perceived stress regarding

the relationship between physical disability and telomere length (n=119)

B R? change
Block 1
Age - 52*** .10
Block 2
Age -.22 .33
Physical disability - 13***
Block 3
Age -.26* .02
Physical disability - I5***
Occupational status .02
Weight .05
Physical exercise 14
Block 4
Age - 34F*F* .20
Physical Disability - 31**
Occupational status -.08
Weight -.04
Physical exercise -.05
Perceived stress -.66***
Block 5
Age - 37FF* .03
Physical Disability - 59%**
Occupational status -.10
Weight -.01
Physical exercise -.05
Perceived stress - 4TFF*
Physical Disability X Perceived stress -.34%*

Note: All study variables were standardized. *p<0.05; **p<0.01; ***p<0.001
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Figure 1. Difference between able-bodied participants, participants with polio, and
participants with SCI in TL, adjusting for age, weight, and physical exercise

(***p<0.001). Values represent the means and standard errors.
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Figure 2. The moderating roles of perceived stress in the relationship between
physical disability and TL (*p<0.05; ***p<0.001). Values represent the means and

standard errors.



