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STUDY DESIGN: Longitudinal.
OBJECTIVE: With an increased risk of depression in spinal cord injury, the study longitudinally examines depression to understand
how post-injury autonomic regulation and coping might be related to somatic and cognitive manifestations of depression after
3 years.
SETTING: Indian Spinal Injuries Center.
METHODS: Twenty-eight spinal cord injury participants completed the follow-up assessment of the Patient Health Questionnaire 3
years post-injury. The participants were grouped based on post-injury autonomic regulation (high and low HRV) and the somatic
and cognitive manifestation of depression reflected in a depression ratio. Wilcoxson signed-rank test tested the post-injury (T1) and
3 year follow–up (T2) depression scores.
RESULTS: Depression score reduced after 3 years of injury (p ≤ 0.05). Only the high HRV group showed a higher depression ratio
(somatic/ cognitive) atfollow-up (T2) (p ≤ 0.05). No difference was observed in post-injury coping between high and low HRV
groups.
CONCLUSION: The reduced depression score at follow-up (T2) aligns with the ‘disability paradox’ and mightindicate cognitive
adaptation, specifically for those who showed autonomic adaptability in the form of post-injury high autonomic variability.
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INTRODUCTION
Depression with an incidence of 22% [1] in spinal cord injury has
significantmental health implications [2–4]. Given the variability
and heterogeneity in the post-injury life of those with spinal cord
injury, longitudinal studies aim to offer insights into the negative
consequences of the injury such as vulnerability to depression.
Further, literature regarding changes in the risk of depression over
time in spinal cord injury has not been conclusive. Hoffmann et al.
[4] observed that more than half of depressed SCI were not
depressed at the end of 5 years. Similarly,a study by Arango et al.
[5] showed a significant decrease in the odds of depression over 5
years. In their study, Bonanno et al. [6] showed two prominent
trajectories of depression, an initial increase in depression
followed by a decrease, and the other showed delayed onset of
depression with a longitudinal increase. On the other hand, some
studies show that depression scoresremain consistent over time
[7, 8]. Saunders et al. [7] observed that depression scoresremained
unaltered over 5 years. The study by Bombardier et al. [8]
observed low depression score after 1 year. In another observation
by Craig et al. [9], there was no change in depression 6 months
post-discharge. Thus, literature has been ambiguous regarding
changes in depression scores over time in spinal cord injury. The
risk of developing depression in spinal cord injury might differ
across contexts;significantly fewer studies have documented
depression risk in spinal cord injury in developing countries with

poor resources and infrastructural support for those with
disabilities [10–12]. However, the factors contributing to the
trajectory of depression over time remain poorly understood, with
a dearth of studies examining depression longitudinally in spinal
cord injury in the Asian population.
Depression has somatic and cognitive manifestations,thus,

variability in depression reports is possible, and depression
trajectory may be heterogeneous for individuals with spinal cord
injury(SCI). Krause et al. observed that the cognitive manifestation
is predictive of depression longitudinally [13, 14], indicating that
cognitive adaptation to the injury might be an essential factor in
the post-injury depression trajectory.Richardson and Richards [15],
in a follow-up study on depression in individuals with SCI,
observed both somatic and cognitive contributions to the
manifestation of depression in a period of 25-year.
Understanding depression with somatic and cognitive manifes-

tations in spinal cord injury might offer insights into the extent of
post-injury adaptability. For instance, a widely explored post-injury
response is coping with injury, an adjustment to injury that is a
significant predictor of depression over time. Coping strategies of
acceptance are associated with a reduced risk of developing
depression longitudinally [4, 5, 16, 17]. A 10-year longitudinal
study done by Pollard and Keneddy [17] observed that acceptance
based coping predicted depression,and the coping strategy
adapted by individuals with SCI was consistent over time [17].
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Depression is associated with a physiological component of
cardiac autonomic regulation, esp. heart rate variability [18, 19].
Heart rate variability (HRV) denotes variability between two
successive heartbeats and measures autonomic regulation.HRV
has time and frequency domains.The frequency domain of HRV
has low frequency (LF) and high Frequency (HF) components.
Depression is associated with low parasympathetic nervous
system activity, indicated by low HF-HRV [19, 20]. In our earlier
work relating HRVwith depression in individuals with SCI, probable
depressed individuals with SCI had low HF-HRV than the non-
depressed [21]. Our next work explored the psychophysiological
aspect of depression in spinal cord injury [22] and depression was
associated with lower odds in individuals with SCI with high HRV.
The sympathetic dominance in form of high LF/ HF ratio was
negatively associated with somatic- cognitive manifestations of
depression in individuals with SCI [22]. Similarly, acceptance
based coping was negatively related to sympathetic dominance
in LF/HF ratio [22]. These results [22] indicate that the widely
reported phenomenon of ‘Disability Paradox’ which is good
quality of life and absence or reduced mental health problems
despite disability [23, 24]. It is possible that factors such as
depression manifestations, coping methods, and autonomic
regulation in the form of heart rate variability contribute to
counter-intuitive observation of ‘Disability Paradox’. Thus,the
current study first examines change in depression after 3
years,andexplores whether post-injury (at discharge) HRV and
coping is linked with depression after 3 years.

METHODS
Participants
A total of twenty-eight participants participated in the current study. The
participants from a previous study cohort [22] were telephonically
contacted for participation in the current study. Out of the 91 participants
of the previous study cohort, 32 participants (35.16%) could not be
contacted for follow-up. Out of the remaining 59 participants who
responded, 15 did not consent to participation. For the rest, 16
participants,the caregivers wanted to respond on behalf of the participant,
thus were excluded. Finally, responses of 28 participants (Mean age=
28.68 years, SD= 5.70) were included for the current study. The initial
cohort had participants with a level of injury from C-4 to T-12 with AIS
levels A, B, and C. All participants were above 18 years of age. The
participants diagnosed with any other neurological or psychiatric
conditions other than spinal cord injury were excluded from the initial
cohort.

Procedure
All participants were telephonically contacted and consent for participa-
tion was obstained. Following the consent for participation, the PHQ-9
questions were asked to the participant and the response was recorded.

Research ethics
All applicable institutional and governmental regulations concerning
human volunteers’ ethical use were followed during this research. The
follow-up was done for the participants who volunteered to participate in
the study approved by the Ethical Committee (ISIC/IIRS/RP/2015/081). The
study is a part of the doctoral work of the corresponding author.

MEASURES USED
Depression
Patient health questionnaire- 9. PHQ- 9 [25] was used to screen
depression in spinal cord injury participants.Patient Health
questionnaire-9 is a self-administered nine-item depression
questionnaire to screen depression.The questions are marked
by how persistent the symptoms have been in the past 2 weeks:
0—not at all, 1—several days, 2—more than half of the days,
3—nearly every day.The total score of the questionnaire ranges
from 0–27.PHQ-9 was studied as somatic and cognitivemani-
festations [14].

Coping
Spinal cord lesion coping strategies questionnaire. Spinal Cord
Lesion Coping Strategies Questionnaire (SCL-CSQ) [26] has been
used to study coping.The scale has the following factors:
Acceptance (four items), Fighting spirit (five items), and Social
reliance (three items). The data used in the analysis was from the
previous cohort [22]. Acceptance and Fighting Spirit as coping
factors are considered in the current work.

Heart rate variability- Kubios Heart rate variability software
(standard version 2.1)
Polar RS 800 CX and Kubios Heart rate variability software
(standard version 2.1) calculated the heart rate variability. As per
norms of recording of HRV [27], a 5-min recording at a sampling
rate of 1000 Hz was used. The frequency domain of HRV has been
associated with depression [20, 28] and is highly reproducible in
individuals with SCI [29]. Thus, specifically, frequency-domain
components of H.F.were used for the study.

Data analysis
To derive insights into understandingcopingand depression, the
coping and depression ratios were computed. Acceptance-based
coping is associated with understanding the injury, indicating the
cognitive adjustments post-injury, whereas fighting spirit denotes the
bodily adaptions post-injury, indicating the somatic adjustments [26].
Thus, a ratio of fighting spirit and acceptance-based coping was
computed [22], indicating a somatic/cognitive coping ratio post-
injury(T1). Depression has somatic and cognitive manifestations.
Thus, the depression ratio was computed as a somatic/ cognitive
manifestation ratio of depression. Depression and coping ratios
reflect the sympathetic dominance in the LF/HF ratio [22].
Separate ratios for depression were computed, each for T1 (first

year) and T2(follow-up). Variables that contained a value of ‘0’
were uniformly added a ‘1’ to ensure a non-zero denominator in
the ratio. A cut-off score of 10 grouped the participants as
probable depressed and non-depressed [30].
Data analysis was done using the Windows version of SPSS 21.

Shapiro Wilk test assessed the normality of PHQ-9 and Spinal Cord
Lesion Coping Strategies Questionnaire(SCL-CSQ) scores. Partici-
pants were grouped into high and low HRV groups according to
their HF-HRV at T1, using median split method [22]. Since
normality was not present, Wilcoxson Signed rank test was done
to test the difference in depression ratio at T1 and T2 within the
high and low HRV groups. Mann–Whitney U tests were done to
test the difference in T1coping ratio (fighting spirit/ acceptance)
between HRV groups and between probable depressed and non-
depressed groups. The level of significance was set at p ≤ 0.05.

RESULTS
Participants’ characteristics
The participants’ characteristics are in Table 1. The participants
were divided into – High and Low HRV groups.

Change in depression between T1 and T2
Compared to the depression scores of twenty-eight spinal cord
injury participants after 1 year of injury (T1 median= 12.50),
depression scores reduced at 3 years follow-up (T2 median=
10.00) with W= 74.50, p= 0.02 (C.I.=−4.00 to −0.50), indicating
variability in the trajectory of post-injury depression.
Like others, we used a cut-off score of 10 in PHQ-9 [30] to

identify probable depression and to understand how autonomic
variability might be linked with depression as observed in our
earlier work [22]. In the high HRV group, nine participants had
scores reflecting probable depression at T1, and at T2,there were
seven, whereas, in the low HRV group, thirteen participants
showed scores reflecting probable depression at T1, and ten
participants at T2 (Table 2).
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To understand the change in somatic and cognitive manifesta-
tions of depression, we took a ratio of depression scores to reflect
a balance of somatic and cognitive manifestations of depression in
the form of a ratio. A comparison of depression
ratio(somatic–cognitive manifestation ratio) at T1 and T2 was
undertaken using Wilcoxsin signed-rank test for the HRV groups.
Results of the high HRV group showed a significant difference
between depression ratio(somatic–cognitive manifestation ratio)
at T1(Median= 0.80) and T2(Median= 1.00) with W= 75.00,
p= 0.04 (Table 3). In the low HRV group, there was no significant
difference observed between depression ratio(somatic–cognitive
manifestation ratio) at T1(Median= 0.80) and T2(Median= 0.83)
with W= 66.00, p= 0.15. These results indicate that the risk of
depression in individuals with SCI varies with time, and high
autonomic variability might be associated with an altered balance
between the cognitive and somatic manifestations of depression.

Comparison of coping ratio between HRV groups
The coping ratio (fighting spirit/ acceptance) at T1 was compared
between HRV groups using the Mann–Whitney U test. There was
no difference observed between high HRV (Median= 1.00, N= 15)
and low HRV (Median= 1.00, N= 13) with U= 86.00, p= 0.62.

Comparison of coping ratio between probable depressed and
non-depressed at T2
Similarly T1 coping ratio did not differ between follow up (T2)
probable depressed (Median= 1.00, N= 17) and non-depressed
(Median= 1.00, N= 11) with U= 74.00, p= 0.38.

DISCUSSION
The current study documented reduced depression scores after 3
years of injury (T2) compared to depression scores at 1 year (T1).
Although counter-intuitive, these results align with Hoffman et al.
[4] and Arango et al. [5], wherein a decrease in depression was
observed after 5 years of injury. Others have also observed a
trajectory of decline in depression over time [6]. These results
align with the “Disability Paradox,” wherein studies have
documented normal or high well-being despite a disability such
as spinal injury. Migliorini et al. [23] observed this paradoxical
normal to high well-being in spinal cord injury, emphasizing
cognitive adaptation to injury.
Depression is significant psychological morbidity following

spinal cord injury [3]. In the present study, results indicate that
autonomic variability, post-injury coping might be linked tocog-
nitive and somatic aspects of depressionafter 3 years of
injury.Depression is a complex construct with somatic and
cognitive manifestation [13, 15]; thus, a somatic and cognitive
manifestation ratio was computed for the study.Higher depression
ratio (somatic /cognitive) at T2 indicated somatic dominancein-
creased in the high HRV group (W= 75.00, p= 0.04) but remained
unaltered in the low HRV group (W= 66.00, p= 0.15). The
cognitive manifestationof influences follow-up depression scor-
esmore than the somatic manifestation of depression [13, 14].
High HRV is associated with better cognitive abilities [31],
indicating greater adaptability, which may be why individuals
with SCI with high HRV in the first year post-injury might be at a
lower risk of experiencing depression at the follow-up. Our earlier
work observed that low HF-HRV at in spinal cord injury
participants might be a risk for depression [24], and autonomic
variability was linked with coping and depression risk [22].
Interestingly, there was no difference observed in the T1 coping

ratio between the two HRV groups indicating a similar coping
strategy irrespective of HRV groups. In contrast to the literature
supporting better coping associated with less depression [32], the
initial coping ratio (T1) did not differ between probable depressed
and non-depressed at follow-up (T2). Thus, the post-injury
autonomic regulation may contribute to follow-up depressionin-
dependent of coping strategies as a psychological response to the
injury.

Table 1. Participants details.

High HRV N= 15 Low HRV N= 13

Mean SD Median Mean SD Median

Age 31.07 5.17 30.50 31.46 5.74 33.00

T1a-Somatic 4.20 2.27 5.00 5.85 0.99 6.00

T1a-Cognitive 5.93 3.15 6.00 7.69 1.55 8.00

T1a- PHQ-9 10.13 5.32 10.00 13.62 2.26 14.00

T1-Depression ratiob 0.79 0.15 0.80 0.80 0.13 0.80

T1a-Acceptance 11.00 1.20 11.00 9.77 1.54 10.00

T1a-Fighting Spirit 11.13 1.51 11.00 10.38 1.98 9.00

T1 Coping ratioc 1.02 0.15 1.00 1.07 0.19 1.00

T2d-Somatic 3.87 3.07 4.00 5.38 2.50 5.00

T2 d -Cognitive 4.00 3.09 5.00 6.00 1.63 6.00

T2 d -PHQ-9 7.87 5.95 9.00 11.38 3.86 11.00

T2-Depression ratioe 1.07 0.37 1.00 0.90 0.23 0.83
aBaseline.
bDepression ratio= T1 Somatic/T1Cognitive manifestation.
cT1 coping ratio= fighting spirit/ acceptance.
dFollow Up, e-T2 Depression ratio= T2 Somatic/ T2Cognitive manifestation.

Table 2. Probable depressed and non-depressed at T1 and T2.

Probable
Depressed

Non –Depressed

T1a T2b T1a T2b

High HRV 9 7 6 8

Low HRV 13 10 0 3
aBaseline.
bfollow up.
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CONCLUSION
Depression is often associated with poor well-being [23, 24], and
therefore reduced depression scores in a follow-up might indicate
cognitive adaptation to the injury. Given the low resources, policy
and infrastructural support compared to developed countries, we
observe potential for cognitive adaptation to spinal injury. This
study explored the longitudinal risk of depression in spinal cord
injury, to our knowledge, the first study to report disability
paradox in a developing country of India, and to explore the link
between autonomic regulation and depression trajectory.The HRV
as a measure at discharge could be an important physiological
marker for depression in spinal cord injury.

Limitations
The attrition rate has been a problem with previous longitudinal
studies [5, 14]. The present results have to be interpreted within
the context of a high attrition rate resulting in a small sample size.
Although the results are preliminary, these might be useful in
advocating the inclusion of autonomic measures such as HRV with
self-reported questionnaires and surveys as measures that identify
spinal cord injury participants at risk for developing depression.
Future studies should examine the extent of generalizability of
such paradoxical effects.

DATA AVAILABILITY
The datasets generated during and analyzed during the current study are not
publicly available to maintain confidentiality as they contain information regarding
spinal cord injury patients’ mental well-being. However, these are available from the
corresponding author on reasonable request.
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