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Abstract
Study design Prospective cohort study.
Objective To identify the relationship of frequency of prescription medication use to treat pain, spasticity, sleep, and
depression/stress, and change in prescription medication use with risk of all-cause mortality.
Setting This study was initiated at a specialty hospital in the Southeastern USA, with follow-up and data analysis at an
academic medical center in the Southeastern United States.
Methods Prospective data were collected in 1997–1998 (Time 1) and 2007–2009 (Time 2), with mortality determined as of
31 December 2014. The initial participant cohort was comprised of 1386 participants with traumatic SCI who were adults
and a minimum of 1-year post-injury at enrollment in 1997–1998. Of these, 863 participated at follow-up and 861 were
included in the current mortality analysis.
Results The frequency of taking prescription medication increased over the 10-year timeframe, particularly for sleep and
pain. Each type of prescription medication at Time 1 was associated with later mortality, and an increase in medication use
over time was associated with a greater risk of mortality for three of the four conditions (all except spasticity). A decrease in
the frequency of pain medication use over time was associated with a decreased risk of all-cause mortality.
Conclusions More frequent use of prescription medication to treat pain, sleep, and depression/stress is related to all-cause
mortality, and increases in the use of medications to treat these conditions is associated with elevated risk of all-cause
mortality.

Introduction

Secondary health conditions occur frequently after spinal
cord injury (SCI) and are associated with negative health,
psychological, and social outcomes, as well as all-cause
mortality [1–4]. These conditions are often managed phar-
macologically, and individuals with SCI are frequently
prescribed multiple medications. Recent research suggests
individuals with SCI who use multiple prescribed medica-
tions are at higher risk for adverse drug events and medi-
cation errors [5, 6]. It is important to understand how

prescription medication use impacts health and longevity in
this population.

Evidence has begun to emerge identifying associations
between prescribed medications and mortality in both spe-
cific health condition and community populations. For
instance, among 5861 Danish patients with Parkinson’s
disease, of which 74% used at least one prescribed medi-
cation, Frandsen, Baandrup, Kjellberg, Ibsen, and Jennum
[7] found utilization of an anti-depressant, benzodiazepine-
like, and antipsychotic medication was associated with
increased risk of all-cause mortality. In a study of stroke and
matched controls, those using prescribed psychotropic
medications within both populations showed increased risk
of all-cause mortality [8]. Another study examining 21,826
community dwelling Norwegians suggested those who used
any sleep medication had a two-fold increase in risk of all-
cause mortality when adjusting for physical and mental
health and other medications [9]. This effect was higher for
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those using sleep medications daily and those prescribed
benzodiazepines for sleep [9].

Limited research exists regarding the use of prescribed
pain, sleep, antispasmodic, and other psychotropic medi-
cations as related to mortality in individuals with SCI, even
though these medications are commonly used to treat sec-
ondary health conditions. In a study of 1209 participants
with SCI first assessed in 1997–1998 and mortality identi-
fied in 2005, Krause, Zhai, Saunders, and Carter [10]
determined that more frequent use of prescription medica-
tions for pain, spasticity, depression, and sleep was asso-
ciated with higher risk of mortality. In an extension of this
study using a larger participant cohort (n= 2535), the fre-
quency of pain medication use was associated with a sig-
nificant increase in mortality, above and beyond
demographic, injury related, socioeconomic, and health
characteristics [11]. Pain medication use had a stronger
relationship with mortality than either pain intensity
or pain interference, with those using pain medication
daily being 51% more likely to be deceased despite the
inclusion of pressure sores, amputation, hospitalization,
and depression as risk factors. To our knowledge, there are
no studies assessing the relationship between changes
in prescription medication use and mortality after
traumatic SCI.

Purpose

Our purpose was to identify the relationship of the fre-
quency of prescription medication use and change in fre-
quency of prescription medication use with all-cause
mortality among 861 participants with traumatic SCI. We
defined prescription medication use as frequency of use of
prescription medication to treat pain, sleep, spasticity, and
depression/stress. The frequency of prescription medication
use was identified at two points in time over an approximate
10-year interval. Prescription medication use relates to both
health care provider practice and individual behavior, each
of which are potential targets for intervention strategies to
reduce excess mortality.

Hypotheses

1. Daily utilization of prescription medication to treat
each of the four conditions will be associated with a
greater risk of all-cause mortality.

2. An increase in the frequency of prescription medica-
tion use for each condition will be associated with a
greater risk of all-cause mortality.

3. A decrease in the frequency of prescription medica-
tion use for each condition will be associated with a
lower risk of all-cause mortality.

Methods

Participants

This is a prospective cohort study initiated in 1997–1998
(Time 1). Institutional Review Board approval was obtained
before study initiation. Potential participants were identified
from the SCI Model Systems patient database, registry, and
outpatient directory at a rehabilitation specialty hospital in
the southeastern USA. The inclusion criteria were: (a)
minimum of 18 years old at time of measurement, (b) at
least 1-year post-injury, and (c) residual effects resulting
from traumatic SCI (American Spinal Injury Association
Impairment Scale [AIS] A-D). Of a potential 1839 pro-
spective participants, there were 1386 respondents at Time
1. Of these, 863 again participated in the second data col-
lection in 2007–2009 (Time 2), 75 participants were lost,
119 no response, and 329 deceased between the two time
points. Two participants were eliminated for missing key
information, reducing the final sample to 861 participants.

Data collection procedures

There were two times of data collection, each of which used
similar data collection procedures. Cover letters describing
the study were sent approximately 4 weeks prior to mailing
the first self-report assessment (SRA) questionnaire. Non-
respondents were sent a second mailing within 2 months of
the initial mailing. Attempts were then made to contact non-
respondents by phone, if possible, and when requested, an
additional packet of materials was sent. At Time 1, parti-
cipants were offered $20 in remuneration and made eligible
for drawings totaling $1500. Participants received $50 in
remuneration at Time 2.

Mortality status was determined using the National
Death Index (NDI), the gold standard for determining
mortality. All records were sent to the NDI and mortality
status was determined as of 31 December 2014. There were
157 deceased cases at follow-up.

Measures

The predictor of interest was frequency of use of prescrip-
tion medications to treat four conditions: pain, spasticity,
sleep, and depression/stress. Participants were asked to
identify the frequency with which they took medications to
treat each condition, with four options (never, rarely,
weekly, daily). The items were phrased “over the past year
how often did you use prescription drugs (those prescribed
by your doctor) to treat … [pain, spasticity, sleep, depres-
sion/stress]”. These items have been previously used in
mortality analyses, with a single point in time measurement
[10, 12]. In addition to identifying prescription medication
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use at each time of measurement, we identified medication
change over the 10-year period (from Time 1 to Time 2),
classified into one of three categories: (1) less frequent use
of medication—self-report usage frequency at Time 2 was
less than that at Time 1 (e.g., a change from weekly use to
only occasional use); (2) no change in frequency—self-
report usage frequency at Time 2 was the same as that at
Time 1; (3) more frequent use of medication—self-report
usage frequency at Time 2 was more than that at Time 1
(e.g., a change from weekly to daily use).

We measured five demographic covariates at Time 1: age
at the measurement, gender, race/ethnicity, low household
income, and low education. Race/ethnicity was dichot-
omized into non-Hispanic white and other racial/ethnic
minorities. Annual household income less than $20,000 was
defined as low income, and years of education less than 12
was defined as low education. We also measured injury
severity by using four categories: C1–C4 level injury and
non-ambulatory, C5–C8 level injury and non-ambulatory,
non-cervical injury and non-ambulatory, and ambulatory.
This classification of injury severity follows that reported in
the literature, with ambulatory status a proxy measure for
the AIS [13, 14]. We measured self-rated general health by
using a 5-point scale (1= poor health, 5= excellent health)
[15], one of the most widely used health indicators in
population surveys [16]. Although some studies suggest it is
a conservative measure of health [17, 18], it is generally
regarded as reliable and valid in self-assessment research
[16, 19–22]. Prior research has supported a strong asso-
ciation between self-rated health and mortality across dif-
ferent race and ethnic groups in the United States [23]. For
the current study, response options were combined into the
following categories: very good/excellent health, good
health, and poor/fair health.

Analysis

All statistical analyses used SAS 9.4. We first conducted
descriptive analysis on participants’ survival status, age,
gender, race/ethnicity, injury severity, household income,
education, and self-rated general health. We then calculated
the percentages of three change categories for all four pre-
scription drugs among all participants and among different
gender and racial/ethnic groups. The Chi-square test was
used to indicate whether the bivariate comparisons were
statistically significant.

We developed four Cox proportional hazards models for
multivariate analyses, with the survival days between the
SRA date and the death date (or 31 December 2014 for
those alive) as the dependent variable. All four Cox models
had the same covariates: age, gender, race/ethnicity, low
household income, low education, and general health. Each
model also included Time 1 usage of the respective

medication as an additional covariate. Due to the categories
of “sometimes” and “weekly” usage having low frequency,
these were combined in the covariate. The variables of
interest in the Cox models were: (1) spasticity medication
change, (2) pain medication change, (3) sleep medication
change, and (4) depression/stress medication change,
respectively. We needed to use separate models for each
predictor because of the relatively low sample size with
longitudinal data. Hazard ratios (HR) and 95% confidence
intervals are reported for each variable in the model.

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

Among 861 participants, 72% were male, 73% non-
Hispanic white, 12% C1–C4 level injury and non-ambula-
tory, 30% C5–C8 level injury and non-ambulatory, 34%
non-cervical injury and non-ambulatory, and 24% ambula-
tory. Approximately 46% of participants had low household
income and 16% had low education. The average age at
Time 1 was 38.8 (SD= 11.8), and the average general
health score was 3.3 (SD= 1.0). The average interval
between the first participation and follow-up was 10.4 years
(SD= 6.3). The average interval between the follow-up
measurement and a determination of mortality status was
6.4 years (SD= 1.7). At the end of the study, 157 partici-
pants (18%) were deceased.

Changes in medication use

The stability of medication use varied considerably between
the four medications (Table 1), with the most significant
increases for pain medication (35% increase compared with
15% decrease), followed by sleep medication (29%
increase, 13% decrease). Less substantial increases were

Table 1 Medication change from Time 1 to Time 2 among all
participants

Medication Less usage No change More usage

n (row %)

Spasticity 106 (13.04) 589 (72.45) 118 (14.51)

Pain 121 (14.60) 417 (50.30) 291 (35.10)

Sleeping 103 (12.62) 477 (58.46) 236 (28.92)

Depression/stress 87 (10.60) 572 (69.67) 162 (19.73)
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noted for depression/stress medication (20% increase, 11%
decrease). The least amount of change was for spasticity
medication (15% increase, 13% decrease).

Participants who were racial/ethnic minorities were more
likely to increase their spasticity medication usage, while
those who were non-Hispanic white were more likely to
increase their sleep medication. Gender was unrelated to
change in usage. Those who survived to follow-up were less
likely to have increased their usage of pain medication,
sleep medication, and depression/stress medication
(Table 2).

Predictive models

All four Cox models (Table 3) indicated higher mortality
was significantly associated with older age, being male,
greater severity of injury, and low income. Lower self-rated
general health was significantly associated with higher
mortality in three models, except for pain medications.

The frequency of medication use was significant in each
of the four models. The strongest relationships with mor-
tality were for sleep and pain medication. Compared with
those who did not use medication at the Time 1, participants
who reported using sleep medication daily were 236% (HR
= 3.36) more likely to be deceased at follow-up. Similarly,
participants using pain medication daily were 229% (HR=
3.29) more likely to be deceased at follow-up. Use of
depression/stress medication and spasticity medication daily

were also significant, with 109% (HR= 2.09) and 78%
(HR= 1.78) greater hazard of mortality, respectively.

After controlling for all the covariates, including Time 1
medication use, those who had an increased frequency of
pain medication use during the 10 years were 94% (HR=
1.94) more likely to be deceased compared to those who did
not change medication usage; those who increased the fre-
quency of sleep medication use were 81% (HR= 1.81)
more likely to be deceased; and those who increased
depression/stress medication use were 67% (HR= 1.67)
more likely to be deceased. Participants who decreased the
frequency of their pain medication usage were 69% (HR=
0.31) less likely to be deceased at the end of study
(Table 3). Change in spasticity medication was not sig-
nificantly related to mortality.

Discussion

To our knowledge, this is the first study investigating
changes in the frequency of prescription medication use and
all-cause mortality. By focusing on prescription medication
use, the study lays the foundation for prevention strategies
that target both the prescribing and utilization of prescrip-
tion medication to treat multiple conditions. It also opens
the door to search for discovery of new interventions, or the
application of other proven interventions, to treat pain,
sleep, spasticity, and depression/stress.

Table 2 Medication changes from Time 1 to Time 2 among different groups

Medication Gender Race/ethnicity Survival status

Female Male p Minorities Non-Hispanic
White

p Survived Deceased p

Column (%) Column (%) Column (%)

Spasticity 0.64 <0.01 0.73

Less usage 13.10 13.01 16.11 11.98 13.43 11.19

No change 74.24 71.75 62.09 76.21 71.94 74.83

More usage 12.66 15.24 21.80 11.81 14.63 13.99

Pain 0.25 0.37 <0.01

Less usage 17.80 13.32 17.43 13.61 16.57 5.44

No change 49.15 50.76 49.54 50.66 50.59 48.98

More usage 33.05 35.92 33.03 35.74 32.84 45.58

Sleeping 0.07 0.01 0.04

Less usage 16.31 11.15 15.17 11.75 13.08 10.49

No change 53.22 60.55 63.51 56.62 59.88 51.75

More usage 30.47 28.30 21.33 31.62 27.04 37.76

Depression/
stress

0.47 0.47 0.03

Less usage 11.59 10.20 12.80 9.85 10.06 13.10

No change 66.52 70.92 67.30 70.44 71.60 60.69

More usage 21.89 18.88 19.91 19.70 18.34 26.21
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The findings support the first hypothesis, as each of the
four types of daily medication use were significantly related
to higher all-cause mortality, whereas the second hypothesis
was partially supported. While worse self-rated general
health was found to be associated with increased risk of
mortality in all but the pain medication model, increases in
medication use from Time 1 to Time 2 for most medications
(all except spasticity) were associated with increased risk of
mortality when controlling for self-rated health. The third
hypothesis was only supported for pain medication use, as
decreasing use was associated with diminished all-cause
mortality.

Consistent with initial research highlighting relationships
between psychotropic [7, 8] sleep [9], and pain medications
[11] and mortality, the findings expand our knowledge of
these relationships in individuals with traumatic SCI. In the
general population, death related to accidental overdose on
opioid medications has been identified as an increasing
problem [24, 25]. Adverse effects such as over sedation,
respiratory depression, immune suppression, and impaired
balance may be potential mechanisms in which psycho-
tropic, sleep, and pain medications are associated with
mortality and secondary health conditions [26].

The current results raise concerns over the use of pre-
scription medications by suggesting associations between
use and increased use over time and increased risk of all-
cause mortality. Although they should not be taken as direct
evidence that the prescription medication use causes

mortality per se, given that underlying conditions no doubt
affect mortality, at a minimum, the identified associations
do support the necessary consideration of changes in pre-
scription medication use as a potential marker for risk of
mortality.

Clinical implications

Although the findings cannot be unequivocally interpreted
to indicate a direct cause of medication use or change in
medication use and all-cause mortality, they support the
need for caution in prescribing medications and further
understanding of the long-term consequences of these
medications on health and longevity. Non-pharmacological
treatments are needed wherever possible to improve out-
comes. Prescribing medications is easy and perhaps less
costly in terms of time but does raise the concern of adverse
consequence. Individuals with traumatic SCI also need to
consider carefully the decision as to whether to utilize
medication to treat particularly pain, sleep, and depression/
stress, as well as increasing the frequency of use of these
medications. It is essential that healthcare professionals
consider potential complications and share this information
with those with traumatic SCI so they can make informed
decisions. Exploration of alternative evidence supported
treatments, such as psychotherapeutic approaches for pain,
sleep disturbance, and psychological distress, among others,
should be considered.

Table 3 Cox proportional hazards models for predicting mortality after SCI

Spasticity medication Pain medication Sleeping medication Depression/stress medication

n= 777 n= 790 n= 777 n= 783

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Age 1.07 (1.05–1.08) 1.07 (1.05–1.08) 1.07 (1.06–1.08) 1.07 (1.05–1.08)

Male (ref: female) 1.70(1.11–2.62) 1.86 (1.21–2.85) 1.70 (1.11–2.59) 1.63 (1.08–2.48)

Non-Hispanic White (ref: others) 1.47 (0.96–2.25) 1.28 (0.84–1.94) 1.29 (0.84–2.00) 1.28 (0.83–1.97)

Injury severity (ref: all ambulatory)

C1–4, non-ambulatory 4.69 (2.43–9.06) 4.68 (2.52–8.71) 6.07 (3.18–11.56) 5.67 (3.01–10.67)

C5–8, non-ambulatory 3.11 (1.74–5.57) 3.20 (1.85–5.51) 3.25 (1.84–5.74) 3.28 (1.87–5.75)

Non-cervical, non-ambulatory 2.18 (1.22–3.91) 1.77 (1.02–3.07) 2.32 (1.30–4.12) 2.06 (1.17–3.64)

Low income (ref: income ≥ 20 K) 1.76 (1.21–2.57) 1.64 (1.12–2.40) 1.76 (1.21–2.57) 1.86 (1.28–2.70)

Low education (ref: education years ≥ 12) 1.08 (0.70–1.67) 0.93 (0.61–1.41) 1.00 (0.65–1.56) 1.01 (0.65–1.55)

Self-rated general health (ref: very good/excellent health)

Poor/fair health 2.05 (1.27–3.29) 1.54 (0.96–2.46) 1.73 (1.07–2.80) 1.77 (1.11–2.83)

Good health 1.37 (0.90–2.07) 1.35 (0.90–2.04) 1.32 (0.87–2.00) 1.27 (0.84–1.91)

Baseline medication usage (ref: never)

Sometimes/weekly 1.87 (0.94–3.71) 1.30 (0.85–1.99) 0.93 (0.54–1.61) 0.56 (0.25–1.30)

Daily 1.78 (1.15–2.74) 3.29 (1.99–5.46) 3.36 (2.03–5.56) 2.09 (1.27–3.43)

Medication usage change (ref: no change)

More usage 0.98 (0.53–1.81) 1.94 (1.26–2.98) 1.81 (1.21–2.72) 1.67 (1.09–2.56)

Less usage 0.60 (0.33–1.09) 0.31 (0.14– 0.70) 0.64 (0.34–1.19) 1.03 (0.55–1.94)

684 Y. Cao et al.



Strengths and limitations

There are several distinctive strengths. First, there is an
absence of investigations of risk factors for all-cause mor-
tality related to prescription medication use. Although it
may be confounded with other factors related to health,
prescription medication use is a behavior that can be
changed at both a system (prescribing) and individual level.
Second, we identified actual changes in prescription use
behaviors and risk of mortality. Therefore, it may serve as a
guide for individuals who take or are considering using
medications to treat secondary conditions or symptoms of
traumatic SCI. It helps them and healthcare professionals to
understand the association of prescription medication use
and change in medication use over time with mortality.

In terms of limitations, all data on health status and
prescription medication use are self-report. Therefore, there
may be some random errors in reporting which would make
it more difficult to identify truly significant differences, such
that we may underestimate the strength of the relationship
between prescription medication use and mortality. Second,
there is a time lag in the recording of deaths within the NDI,
so it is possible or even likely that some deaths were missed
or misclassified as alive. Although we feel this is relatively
limited, it would again limit the strength to identify the
relationships between prescription medication use and
mortality. Third, for a prospective cohort study of mortality,
the sample size is relatively small. This is problematic for
less frequently reported prescription medication use (i.e.,
occasional, weekly), rather than the larger sample for those
who either do not use medication at all or do so daily. It also
limits our ability to test multiple types of medication use
within the same model (the reason for using four separate
models). Fourth, this is a study of all-cause mortality, so,
while establishing relationships between the frequency of
medication change and all-cause mortality is the first step,
ultimately, studies will be needed that address cause-
specific mortality. Lastly, our information on prescription
medication use is general. We only know the frequency of
use based on four categories. We cannot differentiate
between dosages, more frequent use within the categories,
or, most importantly, type of medications.

Future research

There are clear needs for further research. First, we need
investigations that detail the types, dosages, and detailed
frequency of medications used among people with SCI. We
also need to understand how these types of usage patterns
relate to multiple outcomes, not just mortality. The literature
is clearly limited in studies relating medication use, or
medication misuse, with SCI outcomes. Further, it is
important to augment both the sample size and the number

of times of measurement, so we may better understand how
medication use changes over time and how it affects health
outcomes. These design enhancements would also allow for
inclusion of multiple medications within the same model,
along with additional controls for comorbid health condi-
tions. Third, research is needed that directly investigates
causes of death related to unintentional overdose, as this
would evaluate the direct link between prescription medi-
cation and causes of death. Such research would supplement
that from the current study that establishes the more general
association, potentially contribution, of medication use and
all-cause mortality. Lastly, as always, we need to develop
and test intervention strategies to reduce adverse outcomes
associated with prescription medication use.

Conclusion

Increased utilization of prescription medication to treat pain,
sleep, and depression/stress is associated with increased risk
of all-cause mortality.
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