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A longitudinal study of depression in survivors of spinal cord injury
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Study design: Cohort study.
Objectives: The objective of this study is to assess depression over a 5-year period in persons with
spinal cord injury (SCI) and to assess risk factors for depression over time.
Setting: Rehabilitation hospitals in the Southeast and Midwest.
Methods: Participants included 801 adults with residual effects from a traumatic SCI averaging over
15 years post injury. Participants responded to two questionnaires, one in 2002 (Time1) and another in
2008 (Time 2). Probable major depression (PMD) was measured by the Older Adult Health and Mood
Questionnaire.
Results: In all, 22.1% of participants had PMD at Time 1 and 20.2% at Time 2. There was a non-
significant trend for change in PMD status (P¼0.058). Of those who had PMD at Time 1, 55.7% had
PMD at Time 2. Between the two time points, the most change occurred in the group with clinically
significant symptomatology. Demographic factors (race–gender, age, time since injury) and health
behaviors (pain medication use, hours out of bed, days out of the house, exercise) were significantly
associated with PMD over time. Socioeconomic factors (income, education) were significantly related to
depression but were not significant after controlling for behavioral factors.
Conclusion: Depression is fairly consistent over time in persons with SCI, with the majority of change
coming from those in the clinically significant symptomatology group. Examining depression at
multiple time points, our results underscore the importance of health behaviors in relation to PMD, even
after controlling for demographic, injury and environmental factors.
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Introduction

Depressive disorders have been reported as the most

common form of psychological distress after spinal cord

injury (SCI) and appear to occur more frequently in persons

with SCI compared with the non-disabled population.1–3

Rate of depression in SCI is higher than reported within the

general population literature, with estimates varying from 11

to 37%.4 More specifically, rates of clinically significant

symptoms range from B14 to 35% in persons with SCI,

while major depression rates range from 10 to 15%.1–3 In

addition, previous research suggests persons with SCI are

more likely to suffer from depression with increasing age and

greater number of years post injury.5

A recent systematic review found B30% of persons with

SCI are at risk for having a depressive disorder during their

rehabilitation stay, with the risk dropping slightly to B27%

when they reside in the community after hospital dis-

charge.6 Major depressive disorder as measured by the

Patient Health Questionnaire-97 was found in B10% of

persons with SCI, and another 10% were found to have other

depressive syndromes at 1 year post injury.8 Based on cross-

sectional data, it seems the rate of depression tends to

decrease over time, with B6% of persons having either

major depressive disorder or other depressive syndrome at 35

years post injury.8 The presence of depression in persons

with SCI has been associated with poorer outcomes, such as

longer hospitalization periods, increased medical complica-

tions, decreased self-care dependency and more time spent

in bed.1 Depressive symptomatology after SCI has also been

attributed to several other factors including age, pain, length

of initial hospitalization, gender, racial/ethnic minorities,

availability of social support, and use or non-use of coping

strategies.5,9

Depression in persons with SCI has been extensively

studied with a variety of measures, such as the Beck

Depression Inventory and the Older Adult Health and Mood

Questionnaire (OAHMQ). Nevertheless, few studies have

assessed depression longitudinally after SCI. One cohort

study completed in the United Kingdom evaluating SCI over
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a 2-year period found a gradual increase in Beck Depression

Inventory scores in the months leading up to hospital

discharge, but scores then significantly decreased and

remained below clinical cutoff for the remaining follow-up

periods (1 month, 3 months, 6 months, and 1 and 2 years

post injury).10 Hoffman et al.11 found 20.6% of participants

in their study of the SCI Model Systems had a major

depressive disorder at 1 year post injury, which then

decreased to 18.1% at 5 years post injury, with 8.7%

reporting a major depressive disorder at both time points.

In contrast, a 3-year longitudinal study found a rising trend

in increasing depressive symptomatology immediately after

hospital discharge but a significant decrease by the third-year

follow-up period.12 The authors attribute the increase in

symptomatology upon discharge to be a result of the

challenges faced by persons with SCI as they transition from

the hospital to community living.12

Dorsett and Geraghty12 also examined factors associated

with change in depression after SCI, and found overall self-

rated adjustment and pressure sores to be related to

depression overtime. However, they had a very small cohort

(n¼46) comprised of almost all men. A more recent long-

itudinal cohort study examining rates of chronic depression

and factors predicting the late onset of depression in 1035

persons with SCI found that increased pain, worsening

health status and stopping unsafe use of alcohol were risk

factors for the development of depression at 5 years post

discharge from rehabilitation.13

Krause18 developed a theoretical risk model as a founda-

tion for assessing risk factors for mortality after SCI. This

model proposes a series of factors related to mortality, and

proposes those most proximal to mortality are the most

important factors for mortality. In the theoretical risk model,

secondary health conditions are the most proximal to

mortality, followed by behavioral factors, then psychological

and environmental factors, and, finally, demographic and

injury characteristics.

Purpose

Previous research has assessed risk factors for depression at a

single point in time or reports rates of depression within the

first year post injury only, yet, current recommendations are

for longitudinal studies clarifying the course of depression

after SCI.13 The objectives of this study are to assess

depression over a 5-year period in persons with SCI averaging

over 15 years post injury and to assess risk factors for

depression over time. We expect behavioral factors will have

the strongest association with depression, rather than

demographic or socioeconomic (SES) factors.

Materials and methods

Participants

This study is part of a longitudinal study of outcomes after

SCI. Study participants originated from rehabilitation hospi-

tals in the Southeast and Midwest USA. Inclusion criteria

were: (1) traumatic SCI, (2) residual effects of the SCI, (3) at

least 2 years post injury and (4) 18 years or older at the time

of survey. Participants completed the assessment on two

occasions separated by B5 years. The first assessment was

completed between 2002 and 2004 (Time 1), with the second

assessment completed between 2007 and 2009 (Time 2). At

Time 1, 1543 of 2010 (77%) possible participants responded

to the survey, and of those, 993 (64%) responded at Time 2.

Thus, there were 801 participants who responded to

questions related to depression at both time points.

A comparison of responders and non-responders indicated

significant differences on the following: injury severity

(P¼0.0062), years post injury (o0.0001) and age at injury

(o0.0001). No differences were observed for race or gender.

In terms of depression scores, persons with probable major

depression (PMD) were less likely to respond at Time 2

(Po0.0001).

Procedures

Similar procedures were followed at each time of measure-

ment. After Institutional Review Board approval was granted,

participants were sent preliminary letters explaining the

study and alerting them materials would be forthcoming. An

initial packet of materials was mailed to participants B4–6

weeks later, followed by a second set of materials to all non-

respondents, as well as a follow-up phone call. A third

mailing was used for participants who had misplaced or

discarded materials but consented to participate by phone

and requested additional materials. Participants were offered

$25 in remuneration for participating at Time 1 and $30 in

remuneration at Time 2.

Measures

The OAHMQ14 was designed to evaluate depression in older

adults and among people with physical disabilities, and has

been used to examine depression in persons with SCI.5 The

OAHMQ is a 22-item questionnaire with few items reflecting

physical or vegetative symptomatology, as these types of

items often diminish the validity of other commonly used

measures of depression and other clinical syndromes in

persons with SCI. Physical and vegetative symptoms may not

accurately reflect depression per se in those with SCI but

rather reflect the physiologic changes brought about by the

injury itself.15 The items of the OHAMQ are true/false

statements, such as ‘My daily life is interesting’ or ‘I still

have regrets about the past that I think about often’. Scores

of 6–10 are considered clinically significant symptomatol-

ogy, and scores of 11 and higher are indicative of PMD.

Sensitivity and specificity for these cutoff scores are 0.92 and

0.87, respectively, for any depressive disorder. Previous

evidence also supports the reliability and validity of the

OAHMQ.14

Demographic and injury variables, such as age at survey

and time since injury, were calculated. Injury severity was

categorized as the following: (1) C1–C4, non-ambulatory; (2)

C5–C8, non-ambulatory; (3) non-cervical, non-ambulatory;

and (4) all those ambulatory. Race and gender were

combined to create a 4-level variable: white male, black

male, white female and black female. The environmental

variables, years of education and income, were reported to
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account for SES. Income was grouped as o$15 000, $15000–

24999, $25 000–49 999, $50000–74 999 and $75000þ .

Participants were also asked about health behaviors.

Prescription pain medication usage was reported as daily,

less than daily, and none. Hours out of bed each day and

days out of the house each week were reported in accordance

with that of the Craig Handicap Assessment and Reporting

Technique.16 Lastly, participants were asked about how often

they performed planned exercise, and responses were

grouped as (1) never and (2) at least once a month.

Analysis

Our outcome variable, PMD, was categorized as PMD

(OAHMQ410) and not PMD (OAHMQp10). Logistic regres-

sion for repeated measurements was implemented using

GENMOD in SAS v.9.2 (SAS Institute, Cary, NC, USA). We

used generalized estimating equations analysis17 to assess the

risk of PMD (OAHMQ410) over the two time periods. We

used a binomial distribution and a logit link function. This

methodology uses all time points available and allows for

missing data without eliminating observations (that is, we

were able to use all data points at both time periods, not just

those who responded to both). Similar methodology has

been used previously to assess the relationship of risk factors

with repeated measures of depression,12 although, they were

not able to control for potential confounding factors as they

only had sufficient sample size to assess each factor

individually. Although we are not specifically assessing risk

factors in relation to the change in depression over time, we

were able to maximize data usage and incorporate two times

of measurement into our models of depression.

The theoretical risk model developed by Krause18 was used

to guide variable entry. First, demographic and injury

variables were entered. Next, environmental variables were

entered, followed by behavioral. Variables were entered

simultaneously at each level, and odds ratios were calculated

by exponentiation of the regression coefficients. Odds ratios

represent the odds of PMD.

Statement of ethics

We certify that all applicable institutional and governmental

regulations concerning the ethical use of human volunteers

were followed during the course of this research.

Results

There were 1543 participants at Time 1, and of those, 993

participated at Time 2. Table 1 summarizes characteristics of

participants at each time point. The average OAHMQ score

was 6.3 at both time points.

Changes in PMD over time

Using information from participants who had valid depres-

sion scores at both time points (n¼801), we assessed change

in PMD status between the two time points. Of people who

had PMD at Time 1, 55.7% reported PMD at Time 2 as well

(Table 2). Furthermore, 28.6% reported clinically significant

symptomatology and 15.7% did not report depressive

symptoms. Between the two time points, the most move-

ment between OAHMQ groups occurred in the clinically

significant symptomatology category. Only 41.4% who had

clinically significant symptomatology at Time 1 also did at

Time 2, compared with 71.3% who stayed the same in the

non-depressed group and 55.7% who did not change in the

PMD group. The change in PMD between Times 1 and 2 was

not statistically significant but showed a decreasing trend

(McNemar P-value¼0.0578).

Prediction of PMD

Results from the three generalized estimating equation

models are shown in Table 3. When including only

demographics and injury characteristics, race–gender and

time since injury were significantly related to having PMD.

Table 1 Characteristics of participants at Time 1 and Time 2

Time 1 (n¼1543) Time 2 (n¼993)

% %
Gender

Male 73.4 72.2
Female 26.6 27.8

Race
White 78.2 78.6
Black 19.0 18.5
Other 3.8 2.9

Injury severity
C1–C4, non-ambulatory 10.7 9.0
C5–C8, non-ambulatory 28.1 28.7
Non-cervical, non-ambulatory 36.2 36.4
Ambulatory 25.0 25.9

OAHMQ
0–5 53.9 52.9
6–10 23.9 26.9
11+ 22.1 20.2

Mean (s.d.) Mean (s.d.)
OAHMQ 6.3 (5.2) 6.3 (5.0)
Age at survey 44.8 (13.8) 50.8 (12.5)
Years post injury 15.5 (10.7) 23.0 (10.6)

Abbreviation: OAHMQ, Adult Health and Mood Questionnaire.

Table 2 OAHMQ at Time 1 and Time 2

Time 1
Time 2

Not
depressed
(n¼421)

Clinically significant
symptomatology

(n¼217)

Probable major
depression
(n¼163)

Row percent

Not depressed
(n¼463)

71.3 20.5 8.2

Clinically significant
symptomatology
(n¼198)

34.9 41.4 23.7

Probable major
depression (n¼140)

15.7 28.6 55.7

Abbreviation: OAHMQ, Adult Health and Mood Questionnaire.

Values are shown as row percentages.
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Specifically, black and white females were more likely to

have PMD than white males. Increased odds of PMD were

seen with increasing age, although the odds of PMD

decreased with time since injury.

Model 2 added SES factors to the demographic and injury

factors. Race-gender and time since injury remained sig-

nificantly related to PMD. Additionally, both environmental

factors were significant. Both higher education and income

were related to decreased odds of PMD.

Model 3 added behavioral variables to the demographic,

injury and environmental factors. After controlling for the

behavioral factors, both environmental factors became non-

significant. Years since injury and race–gender remained

significant, and injury severity became significant. All four

behavioral factors were related to PMD. Participants who

took pain medication on a daily basis were 4.7 times more

likely to have PMD (95% confidence interval¼3.37-6.75).

Those who took pain medication on a less than daily basis

were 2.47 times as likely to have PMD (95% CI¼1.74-3.51)

compared with participants who never took pain medica-

tion. Increased hours out of bed and days out of the house

resulted in lower odds of PMD. Not exercising at least once

per month resulted in higher odds of PMD (odds

ratios¼1.98; 95% CI¼1.54-2.54).

Discussion

Our results were generally consistent with previous research

given that we found PMD in 22.1% of participants at Time 1

and in 20.2% at Time 2. Each of these rates is within the

range of what has previously been reported in the SCI

population11,19 and is higher than what is seen in the general

population.20 Our finding of the overall OAHMQ score

remaining constant at 6.3 runs contrary to a study by

Mitchell and Adkins21 who found a significant change in

OAHMQ scores over a 5-year period in their cohort of

persons with SCI, with scores increasing from 3.73 at Time 1

to 5.50 at Time 2. However, we did observe a trend in

changes for PMD, with higher PMD observed at Time 2,

although this did not reach statistical significance

(P¼0.0578). As some participants showed a change in

depression status between the two time points (Table 2),

we were only able to assess this change in persons who

responded at both time points. However, we assessed the

average OAHMQ score at both time points with all

participants. Although there was no change in the overall

score or in PMD status, non-response at Time 2 could affect

our analysis of change in either category (Table 2).

Our findings also agree with a recent longitudinal cohort

study that reported PMD in 21% of participants at 1 year post

injury with slight reduction to 18% at 5 years post injury.11

Our study participants averaged X15 years post injury, and

this suggests stable rates of PMD after SCI onset. In addition

to identifying stable rates of PMD, we also identified a

substantially greater risk of PMD among those whose scores

were previously within that range, even though the first

measurement was completed 5 years earlier. Similarly, those

who were non-depressed during the first time of measure-

ment were unlikely to report a PMD upon follow-up. These

Table 3 Results from the generalized estimating equations models (odds ratios and 95% confidence intervals)

Model 1 P-value Model 2 P-value Model 3 P-value

Injury severity (vs ambulatory) 0.2317 0.3273 0.0019
C1–C4, non-ambulatory 0.97 (0.65–1.44) 0.90 (0.59–1.36) 0.47 (0.29–0.77)
C5–C8, non-ambulatory 0.73 (0.53–1.01) 0.74 (0.53–1.03) 0.51 (0.35–0.74)
Non-cervical, non-ambulatory 0.87 (0.65–1.16) 0.82 (0.61–1.12) 0.62 (0.45–0.86)

Race-gender (vs white male) 0.0018 o0.0001 0.0349
Black female 2.01 (1.11–3.65) 1.47 (0.81–2.67) 1.07 (0.57–2.03)
Black male 0.99 (0.70–1.40) 0.70 (0.48–1.01) 0.74 (0.49–1.12)
White female 1.64 (1.25–2.16) 1.76 (1.33–2.34) 1.44 (1.06–1.97)

Age at survey 1.01 (1.00–1.02) 0.0783 1.01 (1.00–1.02) 0.1408 0.99 (0.98–1.00) 0.0530
Time since injury 0.97 (0.96–0.99) o0.0001 0.98 (0.97–0.99) 0.0022 0.98 (0.97–0.99) 0.0238
Year of education 0.90 (0.85–0.94) o0.0001 0.96 (0.91–1.02) 0.1657

Income (vs $75 000+) 0.0032 0.8812
o$15000 2.27 (1.48–3.48) 1.20 (0.75–1.91)
$15000–24999 1.72 (1.10–2.70) 1.04 (0.63–1.72)
$25000–49999 1.55 (1.02–2.36) 1.20 (0.76–1.88)
$50000–74999 1.33 (0.86–2.04) 1.14 (0.71–1.82)

Pain medication (vs none) o0.0001
Less than daily 2.47 (1.74–3.51)
Daily 4.77 (3.37–6.75)

Hours out of bed 0.94 (0.91–0.97) 0.0011
Days out of the house 0.82 (0.77–0.88) o0.0001
Exercise (vs at least once per month) o0.0001
None 1.98 (1.54–2.54)

Abbreviation: OAHMQ, Adult Health and Mood Questionnaire.
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findings suggest that once an elevated risk for PMD is

identified, the risk is likely to continue with possible

repeated episodes well into the future.

The current study found several non-mutable factors were

related to PMD. Race-gender was consistently associated

with PMD throughout the analyses, which is supported by

previous studies showing women at increased risk for

depression in both the general population22 and SCI

population.23 Results showing reduced odds of PMD for

those with non-ambulatory injuries has been supported to

some degree by previous literature demonstrating persons

with complete SCI had reduced odds for the probability of

stress compared with those with incomplete injuries,24

although speculation remains for rationale behind this

difference. Additionally, increased time since injury was a

protective factor across all analyses, which was also seen in

Krause et al.5

We also assessed factors amenable to change in our

modeling. Our results demonstrated lower income and

education were associated with increased odds of PMD;

however, after controlling for behavioral factors, both

income and education became non-significant. Krause

et al.5 also found increased odds of depressive symptoms

with lower SES, but they did not further control for

behaviors. Therefore, at least in the current analysis,

behavioral factors were more highly related to PMD than

were SES factors.

We found four behaviors related to PMD. Use of prescrip-

tion medication for pain was associated with increased odds

for PMD. Although they did not measure prescription

medication use for pain, Hoffman et al.13 found higher pain

scores were associated with increased odds of depression at 5

years post injury. Our results support previous research in

which persons randomly assigned to an exercise training

group had less depression after 9 months compared with

those not assigned to the exercise training group.25 Lastly, we

found more days out of the house each week and more hours

out of bed each day were protective factors for PMD, which

supports Krause et al.26 who found days out of the house

were related to OAHMQ score in American Indians.

Although this study contributes to the understanding of

factors related to PMD after SCI, there were limitations. First,

all data were self-report as no clinically measured informa-

tion was available. However, we tried to limit recall bias by

asking about events that happened in the recent past and by

using standardized instruments. Second, although using

multiple times of assessment is a strength of this study, we

do not have information on any of the measures during the

time in between. Third, we do not have information on

specific treatments of depression.

Conclusions

Depression is fairly consistent over time in persons with SCI,

with the majority of change coming from those in the

clinically significant symptomatology group. Examining

depression at multiple time points, our results underscore

the importance of health behaviors in relation to PMD, even

after controlling for demographic, injury and SES factors. It is

important for persons with SCI be counseled on the

importance of maintaining positive behaviors, such as

exercise, and time spent out of bed and out of the house

after SCI. Additionally, persons taking prescription pain

medication on a regular basis should be monitored for

symptoms of depression. Although this study assessed risk

factors for depression using two time points after SCI onset,

future research should assess risk and protective factors for

change in depression symptoms over time, in addition to

looking at change in risk factors in relation to depression.
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