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Abstract
Study design Mixed retrospective and prospective cohort study.
Objectives To determine 5-year survival after hospitalisation with spinal cord injury (SCI) in Bangladesh and to develop a
prediction model to identify people at high risk of dying within 5 years.
Setting Bangladesh.
Methods Medical records were used to identify people with SCI admitted to a hospital in Bangladesh in 2011. Participants
or their family members were contacted >5 years after discharge to determine vital status or date of death. Survival from time
of discharge was estimated with Kaplan–Meier curves. A linear model of the log odds of death within 5 years of discharge
was constructed and internally validated.
Results Of the 345 people who were admitted and survived to discharge in 2011, 342 (99%) were accounted for 5 years
later: 74 (22%) had died (survival= 78%; 95% CI 74–82%). Sixty nine of the 223 participants who were wheelchair-
dependent at discharge had died (survival= 69%; 95% CI 62–75%). A parsimonious model predicted survival as a function
of age and mode of mobility at discharge (wheelchair-dependent or ambulant). The odds of dying increased by a factor of 1.6
(95% CI, 1.3–2.0) with every decade of age and by a factor of 12.6 (95% CI, 4.8–32.9) if wheelchair-dependent. The model
had good calibration and discrimination.
Conclusion The risk of dying after discharge from hospital with SCI in Bangladesh is high, especially among older,
wheelchair-dependent people. A simple prediction model discriminates those at high risk of dying within 5 years.

Introduction

It is widely assumed that survival after spinal cord injury
(SCI) in low-income and middle-income countries (LMICs)
is poor [1, 2], but this assumption is based on sparse evi-
dence. Two systematic reviews have examined survival
following SCI [2, 3]. These reviews reported the results of
10 primary studies that provided estimates of 1-year

survival ranging from 79% to 100% and estimates of 5-year
survival ranging from 85% to 96%. Most of the primary
studies included in these reviews were population-based
studies conducted in high-income countries (HICs).

Few studies have estimated survival after SCI in LMICs.
One retrospective study found that 5-year survival measured
from time of injury of 490 patients with traumatic SCI
referred to a rehabilitation centre in Southern India was 86%
[4]. Another retrospective study of 422 patients with trau-
matic SCI admitted to one of the two hospitals in Nigeria
found that 6-month survival measured from time of
admission to hospital was 66% [5, 6]. However, both stu-
dies excluded patients who were not followed up after
discharge, potentially biasing the estimates of survival. A
study conducted in Brazil recently reported an 83% survival
rate in a cohort of 343 patients discharged from hospital
with a mean (SD) follow-up time of 4.8 (3.3) years [7]. The
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5-year survival rate was 82% (estimated from the
Kaplan–Meier curve).

In 2014, we retrospectively identified all people (n=
371) admitted in 2011 with a recent SCI to a hospital in
Bangladesh that specialises in care of people with SCI. Of
those discharged alive from hospital, 97% were followed up
at least 2 years from discharge. Two-year survival, mea-
sured from the time of discharge, was 83% [8]. The present
study reports 5-year survival data from the same cohort.

Prediction models that identify those people most likely
to die soon after discharge could be used to inform life plans
and to target provision of preventive interventions. Studies
conducted in HICs show that age, gender and neurological
loss are strong predictors of survival [3]. It is not known
whether the same factors are strong predictors of survival in
LMICs.

The aims of this study were to determine 5-year survival
of people with SCI discharged from a specialised SCI
hospital in Bangladesh and to develop a simple prediction
model that could be used at discharge to identify those at
high risk of death within 5 years.

Methods

The study was a mixed retrospective and prospective
longitudinal cohort study [8]. Ethical permission was
received from the Centre for Rehabilitation of the Paralysed
Ethics Committee (approval number CRP-R&E-0401-218)
prior to the commencement of the study. Informed consent
was received from living participants. If potential partici-
pants had died, consent was obtained from close family
members. The study was conducted in accordance with the
Declaration of Helsinki Principles.

The cohort has been previously described [8]. In brief,
the cohort was drawn from patients admitted with an SCI to
the Center for the Rehabilitation of the Paralysed (CRP),
Bangladesh in 2011. Patients were excluded from the cohort
if they sustained their injury >1 year prior to the date of
admission or if they died prior to discharge. The CRP is the
only specialised centre for people with SCI in Bangladesh.
It admits approximately 390 patients with recent SCI each
year. Most patients are admitted within a few days of injury
but some are referred from other hospitals up to 6 months
after injury. The initial cohort was retrospectively identified
from three sources that were cross-checked. The first source
was hospital admission records, the second was the social
welfare department’s records and the third was the detailed
day-to-day medical files of admitted patients. The use of
three sources increases the likelihood that we were able to
identify all patients eligible to participate in the study.

The outcome of interest was survival 5 years after dis-
charge from the CRP. Five-year survival was ascertained by

telephoning participants between November 2017 and May
2018, at least 5 years after discharge. If a participant could
not be contacted by telephone, immediate family members
were telephoned to either obtain the contact information of
the participant or to verify that the participant had died and
to ascertain the date of death. When it was not possible to
contact participants or their families by telephone, a home
visit was conducted.

Five candidate predictors of survival were measured at
discharge. We only considered as candidate predictors those
variables that were routinely measured and recorded prior to
discharge and that could in the future be easily collected at
the time of discharge in other LMICs. Our choice of pre-
dictors was also guided by the literature and other studies
from LMICs and HICs (for a summary of this literature, see
Table 4 of ref. [3]) [2, 9, 10].

The candidate predictors were:

1. Type of lesion: classified as either paraplegia or
tetraplegia. These data were obtained from the
medical records.

2. Mobility at discharge: classified as either wheelchair-
dependent or ambulant. These data were obtained by
asking participants at their 2-year follow-ups the
following question (in Bangla): “On discharge, did
you require a wheelchair for mobility on a daily
basis?” For participants who had died, medical
records were used to determine mobility on discharge
(see previous publication for details [8]).

3. Gender: determined from the medical records but
checked at the 2-year and 5-year follow-ups.

4. Age: determined from the medical records.
5. Cause of SCI: classified as either traumatic or non-

traumatic. This was determined from the medical
records.

The candidate predictors were treated as dichotomous
variables, except age which was treated as a continuous
variable. The American Spinal Injuries Association
Impairment Scale was not used as a candidate predictor
because we were concerned about relying on the medical
records for these data and because this information could
not be easily collected at the time of discharge, limiting the
potential usefulness of predictions based on this variable.

Data analysis

Data were analysed using Stata v13.1. The cumulative
probabilities of survival and hazard rates, stratified by
mobility, were calculated using the Kaplan–Meier method.

To develop a prediction model, we ascertained who was
alive 5 years after discharge. Univariate analyses were
conducted to quantify the association between each
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predictor and survival at 5 years, expressed as an odds ratio.
All predictors were then entered into a multivariate logistic
model. (We used a logistic model, rather than a Cox model
or a parametric survival model, because Cox models do not
explicitly model outcomes and because parametric survival
models are less easily converted into simple, clinically
useful prediction rules.) The dependent variable was death
within 5 years. Of the five candidate predictors, four (type
of lesion, mobility at discharge, gender and cause of injury)
were binary variables; the remaining predictor (age) was a
continuous variable. For parsimony, we assumed that age
had a linear effect. Bootstrap variable selection was used to
select predictors. This involved applying a backwards
stepwise selection procedure (p to remove >0.2) to models
developed on each of 1000 bootstrap replicates of the ori-
ginal data set. The frequency with which each of the five
predictors was selected across all bootstrap replicates was
tabulated. Predictors that were retained in at least 80% of
the bootstrap samples were included in the final model.

The calibration and discrimination of the model were
examined to determine how well the model performed.
Calibration reflects whether the predicted probabilities
correspond with observed probabilities. It was assessed with
Hosmer–Lemeshow test and the user-written calibrationbelt
command in Stata [11, 12]. Discrimination, which reflects
how well the model distinguishes between people who did
and did not die within 5 years of discharge, was quantified
with the area under the Receiver Operator Curve (AUC).

Naive estimates of discrimination were obtained by
applying the prediction model to the original data set.
Optimism-corrected estimates of discrimination were
obtained by calculating, in each of the 1000 bootstrap
replicates, the degree of optimism (i.e., the difference
between the discrimination of the model applied to the
bootstrap sample on which the model was developed and
the discrimination of the model applied to the original
sample) and then subtracting the mean optimism from the
naive estimate [13].

Results

Survival

Three hundred and sixty eight people were admitted to CRP
with recent SCI in 2011. Of these, 345 survived until dis-
charge and constituted the inception cohort. The baseline
characteristics of the cohort are shown in Table 1. Two
hundred and twenty three participants were wheelchair-
dependent at the time of discharge. (See the legend of
Table 1 for details about the small discrepancies between

this paper and our previous publication [8].) All but three
participants were accounted for at the 5-year follow-up.
That is, 342/345 participants (99%) contributed survival
data until they died or were followed up. Median follow-up
time was 6.1 years (interquartile range (IQR), 5.6–6.4 years)
and total person-time of follow-up was 1815 years.

Seventy four participants died within 5 years of dis-
charge. Five-year survival from time of discharge was 78%
(95% confidence interval (CI), 74–82%). The mortality rate
was 0.04 deaths per person-year (95% CI, 0.04–0.56;
Fig. 1). The 5-year survival for those who were wheelchair-
dependent was 69% (95% CI, 62–75%), whereas 5-year
survival for those who were ambulant was 96% (95% CI,
90–98%; Fig. 1). The hazard of dying, determined from the
whole cohort, was slightly higher in the first few months
after discharge but was nearly constant thereafter.

Table 1 describes the common causes of death. The most
common causes of death were sepsis secondary to pressure
ulcers (n= 31; 42%) and respiratory-related problems (n=
11; 15%).

Prediction model

The results of the univariate and multivariate analyses are
shown in Table 2. The variable selection procedure dropped
gender, cause of SCI (traumatic or non-traumatic) and type
of lesion (tetraplegia or paraplegia) from the model. The
final multivariate model therefore included mobility at dis-
charge and age. Both these variables were included in all
bootstrap replicates. In univariate analyses, the odds of
dying within 5 years among patients who were wheelchair-
dependent was 10.5 (4.1–26.9) times the odds of dying
within 5 years among patients who were ambulant. The
odds of dying within 5 years increased by a factor of 1.5
(1.2–1.8) with every decade of age. In the multivariate
analyses, the corresponding odd ratios were 12.6 (4.8–32.9)
and 1.6 (1.3–2.0). Fig. 2 shows the predicted probability of
survival at 5 years as a function of age and mobility at
discharge.

The prediction model differentiated quite well between
participants who survived and who did not. Fig. 3 shows the
distributions of the predicted probabilities of surviving for
participants who did and did not survive to 5 years. The
naive estimate of the AUC was 0.79 and the optimism-
adjusted estimate of the AUC was 0.78. The prediction
model also appeared to be reasonably well calibrated.
Hosmer–Lemeshow test was not statistically significant (p
= 0.81). Fig. 4 shows that the observed probability of dying
within 5 years was similar to the predicted probability of
dying within 5 years. This was true at all levels of predicted
probability of dying.
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Discussion

This study provides estimates of survival 5 years after
discharge from a specialised SCI hospital in Bangladesh.
The estimates are based on a near-complete follow-up of an
inception cohort. The data are valuable because of the
scarcity of information from LMICs about survival after
SCI [2, 3, 7].

The data show that, among people discharged from CRP
after a SCI, about 1 in 20 of those who are ambulant die

within 5 years, whereas 1 in 3 of those who are wheelchair-
dependent die within 5 years. Overall, 78% of participants
survived at least 5 years. These data might appear to be
comparable with the results from HICs. For example, two
recent reviews report 1-year and 5-year survival in people
with SCI ranging from 79% to 100% [2, 3]. However, our
estimates of survival are from time of discharge—they do
not include the risk of dying prior to hospitalisation or in
hospital (21 people or 5% of the original cohort died in
hospital) [8]. The restriction of our cohort to those who

Table 1 Characteristics of
participants included in the
study

All participantsa Alive at 5
yearsb

Dead at 5
yearsc

Lost to follow-
up

Count, n (%) 345 268 74 3

Gender, n (%)

Female 39 (11%) 31 (12%) 8 (11%) —

Male 306 (89%) 237 (88%) 66 (89%) 3 (100%)

Diagnosis, n (%)

Paraplegia 212 (61%) 171 (64%) 38 (51%) 3 (100%)

Tetraplegia 133 (39%) 97 (36%) 36 (49%) —

Cause of SCI

Traumatic 327 (95%) 256 (96%) 69 (93%) 2 (67%)

Non-traumatic 18 (5%) 12 (4%) 5 (7%) 1 (33%)

Mobility at discharge, n (%)

Ambulant 122 (35%) 116 (43%) 5 (7%) 1 (33%)

Wheelchair-dependent 223 (65%) 152 (57%) 69 (93%) 2 (67%)

Mobility and diagnosis, n (%)

Ambulant and paraplegia 74 (21%) 68 (25%) 5 (7%) 1 (33%)

Ambulant and tetraplegia 48 (14%) 48 (18%) — —

Wheelchair-dependent and
paraplegia

138 (40%) 103 (39%) 33 (44%) 2 (67%)

Wheelchair-dependent and
tetraplegia

85 (25%) 49 (18%) 36 (49%) —

Age (years), median (IQR)d 34 (25–44) 30 (22–40) 40 (32–50) 30 (30–38)

Time from injury to admission
(days), median (IQR)

12 (4–35) 12 (3–35) 12 (5–37) 33 (1–68)

Length of hospital stay (months),
median (IQR)

3.2 (1.9–4.4) 3.2 (2.0–4.4) 3.3 (1.5–4.5) 4.5 (3.9–5.3)

Cause of death, n

Pressure ulcer — — 31 —

Respiratory related — — 11 —

Other — — 8 —

Unknown — — 24 —

aOur previous publication [8] involving the same cohort indicated that the number surviving to discharge was
350. The discrepancy of five people is because two people who we had been unable to find in our previous
publication were found to have died prior to discharge. In addition, three people who were previously
included were found to have not met the inclusion criteria (their injuries were >1 year prior to admission
to CRP)
bIncludes seven people who were alive 5 years after their discharge dates but died by the time they were
contacted for follow-up
cIncludes one participant who is known to have died but whose date of death was not known
dSome participants’ date of births were estimated because they did not know their date of birth
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survived until discharge probably explains why our cohort
is younger (median age 34 years, IQR, 25–44 years) and
less disabled than other cohorts. Older and more disabled
people may not have survived long enough after injury to be
admitted to CRP. While the estimates of survival from time
of discharge provided by the current study are useful for
post-discharge planning, estimates of survival from time of
injury or time of hospitalisation would also be useful. Such
studies are difficult to conduct in LMICs because they
require well-coordinated health-care systems, integrated
medical records and country-wide data registries.

The most common cause of death was sepsis due to
pressure ulcers. It is widely recognised that pressure ulcers
are a major problem after discharge from hospital with an
SCI in LMICs [1, 14]. Participants in the current cohort
were provided with good education and equipment for the
prevention of pressure ulcers before discharge. Thus, while
the proportion of deaths in the current cohort caused by
pressure ulcers was high, it may be higher in other LMICs
where good education and equipment for the prevention of
pressure ulcers is not routinely provided. Nonetheless, there
is an urgent need to reduce mortality rates due to pressure
ulcers after discharge. To this end, we are currently con-
ducting a clinical trial (n= 410) in Bangladesh to determine
whether 2-year mortality can be reduced following dis-
charge by providing patients with ongoing community-
based support following discharge [15, 16]. The trial will be
completed in early 2020.

We identified a parsimonious model that predicted 5-year
survival from just two variables: age and mobility status at
discharge. This is consistent with the findings of other
studies that have identified age and extent of neurological
loss as the strongest predictors of survival [3]. We used
mobility status as a crude measure of neurological loss
because we had access to data on mobility status and
because we wanted a prediction model that could be used
without having to conduct a full neurological assessment at
discharge. It is easier to determine mobility status on

discharge than to conduct a full neurological assessment
according to the International Standards for the Neurolo-
gical Classification of Spinal Cord Injuries. The simplicity
of the model is its strength. Health-care professionals could
easily use Fig. 2 to predict a patient’s probability of survival
5 years after discharge based on age and mobility status on
discharge. Patients at high risk of dying might be monitored
more closely and provided with additional health care. This
is important for LMICs that do not have the resources to
provide highly specialised and intensive follow-up care for
all discharged patients. There is a suggestion that this type
of prioritised follow-up is already happening in countries
like Afghanistan [17].

It was interesting that type of SCI (tetraplegia or para-
plegia) was not retained in the final prediction model even
though type of SCI reflects neurological loss. More than
half of those with tetraplegia in our cohort were able to walk
and most of the people with tetraplegia who were unable to
walk had low cervical injuries. This is probably because, in
Bangladesh, people with high cervical lesions typically do
not survive more than a few days after injury and are not
commonly admitted to CRP. For this reason, there may not
have been a large difference in the neurological status of
people with tetraplegia and paraplegia in our cohort. This
explanation was provided by others [3] who observed
similar findings [18]. We did not find that gender or cause
of SCI were strong predictors of mortality, even though a
recent review found that mortality rates were consistently
higher in men than in women and in those who sustained a
non-traumatic SCI compared to a traumatic SCI [2]. This
may reflect the small number of women (11%) and people
with non-traumatic SCIs (5%) in our cohort. Nonetheless,
our prediction model is broadly consistent with the findings
of other studies that have predicted mortality from age at
injury, neurological level and completeness of injury [3].

The model appears to be have an acceptable level of
discrimination. The AUC of 0.78 implies that, in 78% of
randomly selected pairs of study participants with dis-
cordant outcomes (pairs in which one person died within 5
years and the other did not), the person who died had the
higher predicted probability of dying [19]. As a comparison,
the widely used Framingham cardiovascular risk score has
an AUC of 0.72–0.76 when used to predict cardiovascular
events in New Zealand [20]. Estimates of discrimination
were internally validated and adjusted for optimism with
bootstrapping, making them more likely to apply to other
samples from a similar population. Nonetheless, the model
now needs to be externally validated by assessing the pre-
dictive performance of the model on samples drawn from
other settings (e.g. rural hospitals) in other LMICs.

There are limitations to this study. Most importantly, the
study was conducted at a single centre. Also, the cohort was
identified retrospectively and some of the predictors were

Fig. 1 Probability of survival stratified by mobility at discharge (i.e.,
ambulant or wheelchair-dependent)
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collected retrospectively from medical records. As a con-
sequence, it is possible that a small number of potentially
eligible participants were not included in the cohort and that
predictor data were inaccurate. In addition, we relied on
family members to recall the date and cause of death
because Bangladesh does not have a death registry. These
limitations may have introduced small errors into the esti-
mates of survival.

In conclusion, this study provides some of the first robust
data on survival following discharge with an SCI in an
LMIC. Approximately one in three patients who were
wheelchair-dependent on discharge died within 5 years. We
emphasise that this estimate is of survival from the time of
discharge; it should not be used to predict survival from the
time of injury or time of hospitalisation. A simple prediction
model based on age and mobility at time of discharge
coarsely discriminates between those who will and will not

survive for 5 years. Individuals who are at high risk of
dying within 5 years might be targeted for ongoing follow-
up and care.

Fig. 3 Discrimination. The three histograms show the number of
participants (y axis) as a function of the model-predicted probability of
dying within 5 years (x axis) for all participants (top figure), those who
died within 5 years (middle figure) or those who were alive at 5 years
(bottom figure). If the prediction model was not discriminative, the
distributions in the bottom two figures would be the same. If the model
was perfectly discriminative, there would be no overlap of the two
distributions. These graphs show that the model was moderately dis-
criminative: the AUC was 0.78, meaning that in 78% of all pairs of
participants (one from each distribution) the person who died had a
higher predicted probability of dying than the person who did not die

Fig. 2 Predicted probability of dying within 5 years of discharge based
on age and mobility (ambulant or wheelchair-dependent) at discharge.
The shaded areas are 95% CIs

Table 2 Univariate and multivariate associations between candidate predictors and survival with 95% CI

Candidate predictors Univariate analysis Percentage of bootstrapped
samples that retained predictor

Multivariate analysis

Odds ratio Odds ratio Regression coefficients

Age (in 10-year increments) 1.5 (1.2 to 1.8) 100% 1.6 (1.3 to 2.0) 0.47 (0.27 to 0.68)

Mobility at discharge 10.5 (4.1 to 26.9) 100% 12.6 (4.8 to 32.9) 2.53 (1.57 to 3.49)

Type of lesion 1.7 (1.0 to 2.8) 71% — —

Gender 1.1 (0.5 to 2.5) 30% — —

Cause of injury 1.5 (0.5 to 4.5) 52% — —

Intercept — — — −5.31 (−6.67 to −3.96)

Also shown are the percentage of bootstrapped samples that retained each candidate predictor. The multivariate model was a logistic model. The
dependent variable was death within 5 years of discharge. The reference groups for the binary mobility, diagnosis, gender and cause of injury
variables are, respectively, ambulant, paraplegia, female and traumatic. The effect of age on log odds of death was assumed to be linear.
Confidence intervals do not take account of model selection procedures
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