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Background: One of the most critical threats to the validity of any longitudinal research is the bias caused by study attrition.
Prevention efforts should be focused on those individuals at high risk of non-participation to improve the generalizability of study
findings. Objective: To identify demographic and clinical factors associated with loss to follow-up (FU) at post-injury years 1
to 35 among 25,871 people with spinal cord injury (SCI) enrolled in the National Spinal Cord Injury Database. Methods:
Loss to FU was defined as no research information obtained from participants who were eligible for the planned data collection.
Generalized linear mixed models were used for andlysis of factors at each post-injury year. Results: The loss to FU rates were
23.1% and 32.9% for post-injury years 1 and 5, respectively, and remained >40% between post-injury years 20 and 35. The
FU rate varied by study sites and was improved in recent injury cohorts. People who were more seriously injured and those who
attained higher levels of education were more likely to return for FU than their counterparts. People who were at risk of being
marginalized in society (non-whites, those with less education, the unemployed, victims of violence, and those with no health
insurance) had the highest odds of being lost to FU across all post-injury years. Conclusion: These findings can be used to
identify individuals who are less likely to participate in follow-up, which may allow targeted attention to improve their response
rate. Key words: missing data, spinal cord injuries, study retention

ne of the most critical threats to the

validity of longitudinal research is the

bias caused by study attrition.' Loss
to follow-up (FU) seems to be inevitable and
usually depends on the length of FU and the
complexity of the study protocol.>” To improve
the generalizability of study findings and better
inform the public, it is crucial to know what
potential sources of bias and imprecision might be
present in a dataset with incomplete FU.*7 If the
loss to FU is predictable, prevention efforts can be
focused on those individuals at high risk of non-
participation.>>#!!

The Spinal Cord Injury Model Systems (SCIMS)
program is a collection of rehabilitation facilities
throughout the United States that provide
continuous, comprehensive, multidisciplinary
care for persons with spinal cord injury (SCI)."
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These federally designated SCIMS centers also
conduct research of the natural course after SCI
by contributing longitudinal data to the National
SCI Database (NSCID) that captures about 6%
of new SCI cases in the United States. Since the
early 1970s, the NSCID has been following study
participants at post-injury years 1 and 5, and
then every 5 years thereafter. FU data collection
is primarily conducted by telephone interview,
but it may also be conducted by face-to-face
interviews in the clinic, mailed questionnaires, or
a combination of methods. Data from the NSCID
have produced numerous publications that help
inform injury prevention, clinical research, clinical
practices, and health care policy."

Like most longitudinal studies, the NSCID has an
issue with study attrition through the post-injury
years. Few studies, however, have investigated loss
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to FU exclusively within the SCIMS program. One
such report, published in 1995, compared patients
who returned for FU data collection at post-injury
years 1, 5, and 10 with those who did not.® Another
study analyzed data from four SCIMS centers that
were continuously funded during 1979 to 2006 and
provided meaningful characteristics of people lost to
FU through post-injury year 10.” Both studies found
that those who were not married, not employed,
self-responsible for medical expenses, and rated as
having less severe injury were more likely to be lost.
As the demographics of SCI have changed in
recent years’ and the NSCID now contains more
years of FU, this study was conducted to identify
factors associated with loss to FU through post-
injury year 35 by analyzing data from all 28 SCIMS
centers that had ever contributed data to the
NSCID by March 2015. The goal of this study was
to improve our ability to draw valid conclusions
from longitudinal research, particularly regarding
long-term outcomes and survival, by identifying
mechanisms for reducing study attrition.

Methods
Study participants

Thisstudybegan with 25,871 NSCID participants
who were eligible for post-injury year 1 FU during
the study period. They incurred an SCI between
1972 and 2013, did not gain neurological recovery
at discharge from the initial hospitalization,
survived the first year of injury, and were
discharged from the initial hospitalization by the
first anniversary of the injury. We also excluded
from analysis people who failed to participate for
logistic reasons, including death or incarceration
during the data collection window, withdrawal
of consent, loss of identity due to breaks in
funding, and loss of funding by SCIMS centers.
Details regarding breaks in funding and loss of
funding were described previously by Chen et al.'?
At each post-injury year, the eligibility status of
participants for the planned FU data collection
was assessed. Loss to FU was defined as having no
research information obtained from participants
who were eligible for FU. Table 1 shows the
characteristics of the participants, overall and by
FU status at post-injury year 1.

Variables

Variables selected for data analyses were
based on findings from previous studies.>>*!!
Neurological examinations were performed within
7 days of discharge in accordance with the version
of the International Standards for Neurological
Classification of Spinal Cord Injury (ISNCSCI)
that was in use at the time the examinations were
performed.' Ventilator dependency was defined as
requiring either partial or total respiratory support
(including electrophrenic pacers) on a daily basis.
For analysis, ventilator-free participants were
further grouped into one of four neurological
categories according to the American Spinal
Injury Association Impairment Scale (AIS) or
Frankel’s classification scale': high tetraplegia
with AIS/Frankel A, B, or C (C1-C4 ABC); low
tetraplegia with AIS/Frankel A, B, or C (C5-C8
ABC); paraplegia with AIS/Frankel A, B, or C (T1-
S3 ABC); and AlS/Frankel D (AIS D), regardless
of injury level. Based on the year of injury, three
injury cohorts were defined with the intention of
having similar duration: 1972-1985, 1986-2000,
and 2001-2013.

Demographic characteristics (sex, race/
ethnicity), injury year, etiology, and neurological
categories were obtained during initial hospital
care. Participant status that tends to change over
time was updated at each FU survey, including
current age, marital status, place of residence,
education, employment, primary payer, and
bladder management. To account for the skewed
distribution of age in the SCI population,
categorical age groups were used in data analysis.'®
To facilitate interpretation of study results and
to address the need for sufficient sample size
in statistical models, similar groups within
categorical predictors were aggregated as shown in
Table 1. A large amount of primary payer data is
missing because this information was not collected
from 2006 to 2011.

Statistical analysis

Chi-square tests were used to compare categorical
variables between groups. It was suspected that the
28 SCIMS centers had non-negligible effects on
the probability of loss to FU."” To account for this



Table 1. Characteristics of study participants during initial hospital care
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Characteristics Total Retained at year 1 Lost at year 1
Sample size, n (%) N =25,871 19,892 (76.9) 5,979 (23.1)
Age at injury, years*
0-14 304 (1.2) 203 (1.0) 101 (1.7)
15-29 12,428 (48.0) 9,297 (46.7) 3,131 (52.4)
30-44 6,643 (25.7) 5,078 (25.5) 1,565 (26.2)
45-59 4,041 (15.6) 3,304 (16.6) 737 (12.3)
60-74 1,988 (7.7) 1,652 (8.3) 336 (5.6)
75+ 467 (1.8) 358 (1.8) 109 (1.8)
Sex
Female 5,009 (19.4) 3,879 (19.5) 1,130 (18.9)
Male 20,862 (80.6) 16,013 (80.5) 4,849 (81.1)
Race/Ethnicity*
Non-Hispanic white 16,785 (64.9) 13,240 (66.6) 3,545 (59.3)
Non-Hispanic black 5,639 (21.8) 4,248 (21.4) 1,391 (23.3)
Hispanic 2,483 (9.6) 1,726 (8.7) 757 (12.7)
Non-Hispanic others?/Unknown 964 (3.7) 678 (3.4) 286 (4.8)
Marital status*
Single 13,550 (52.4) 10,229 (51.4) 3,321 (55.5)
Married/Significant other 8,354 (32.3) 6,690 (33.6) 1,664 (27.8)
Divorced/Widowed/Separated 3,846 (14.9) 2,899 (14.6) 947 (15.8)
Other/Unknown 121 (0.5) 74 (0.4) 47 (0.8)
Place of residence*
Private 23,367 (90.3) 18,100 (91.0) 5,267 (88.1)
Institution/Group living? 2,329 (9.0) 1,678 (8.4) 651 (10.9)
Other/Unknown 175 (0.7) 114 (0.6) 61 (1.0)
Education*
Less than high school 8,568 (33.1) 6,277 (31.6) 2,291 (38.3)
High school 12,751 (49.3) 9,993 (50.2) 2,758 (46.1)
College or higher 3,422 (13.2) 2,869 (14.4) 553 (9.3)
Unknown 1,130 (4.4) 753 (3.8) 377 (6.3)
Employment status*
Employed 15,208 (58.8) 11,881 (59.7) 3,327 (55.6)
Student or trainee 4,168 (16.1) 3,182 (16.0) 986 (16.5)
Unemployed/Retired/ 5,930 (22.9) 4,405 (22.2) 1,525 (25.5)
Homemaker
Unknown 565 (2.2) 424 (2.1) 141 (2.4)

(Continued)
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Table 1. Characteristics of study participants during initial hospital care (CONT.)

Characteristics Total Retained at year 1 Lost at year 1

Sample size, n (%) N =25,871 19,892 (76.9) 5,979 (23.1)

Primary payer*

Private insurance 7,432 (28.7) 6,067 (30.5) 1,365 (22.8)
Medicare/Medicaid/Gov/Veterans 5,140 (19.9) 3,746 (18.8) 1,394 (23.3)
Workers’ compensation 1,126 (4.4) 945 (4.8) 181 (3.0)
Other¢/Private funds 1,056 (4.1) 767 (3.9) 289 (4.8)
Unknown 11,117 (43.0) 8,367 (42.1) 2,750 (46.0)
Injury cohort*
1972-1985 9,019 (34.9) 6,236 (31.4) 2,783 (46.6)
1986-2000 8,785 (34.0) 6,823 (34.3) 1,962 (32.8)
2001-2013 8,067 (31.2) 6,833 (34.4) 1,234 (20.6)
Etiology*
Vehicular 11,235 (43.4) 8,773 (44.1) 2,462 (41.2)
Violence 4,515 (17.5) 3,209 (16.1) 1,306 (21.8)
Sports 2,738 (10.6) 2,137 (10.7) 601 (10.1)
Falls 5,311 (20.5) 4,167 (21.0) 1,144 (19.1)
Other®/Unknown 2,072 (8.0) 1,606 (8.1) 466 (7.8)
Neurological category*
Ventilator dependent 573 (2.2) 468 (2.4) 105 (1.8)
C1-C4 AIS ABC 2,712 (10.5) 2,168 (10.9) 544 (9.1)
C5-C8 AIS ABC 5,119 (19.8) 3,977 (20.0) 1,143 (19.1)
T1-83 AIS ABC 9,121 (35.3) 6,961 (35.0) 2,160 (36.1)
AISD 7,166 (27.7) 5,465 (27.5) 1,702 (28.5)
Unknown 1,180 (4.6) 855 (4.3) 325 (5.4)
Bladder management*
Catheter-free/Normal 7,499 (29.0) 5,521 (27.8) 1,978 (33.1)
ICP 11,815 (45.7) 9,231 (46.4) 2,584 (43.2)
Indwelling 5,651 (21.8) 4,449 (22.4) 1,202 (20.1)
Other/Unknown 906 (3.5) 691 (3.5) 215 (3.6)

Note: AIS = American Spinal Injury Association Impairment Scale; C = cervical; Gov = government; ICP = intermittent catheterization
program; S = sacral; T = thoracic.

2Native American, Asian or Pacific Islander, and other race.

Hospital, nursing home, group living situation, correctional institution, and assisted living.
<Self-pay, hometown fund raisers, and other unclassified.

4Hit by flying object, pedestrian, medical and surgical complications, and other unclassified.

*p<.0001.



hierarchical structure, the SCIMS centers were
considered as a random effect in the generalized
linear mixed models (GLMM) for the binary
outcomes of FU status at each post-injury year.'®
The multivariable GLMM included time-varying
information obtained at the interview prior to the
current survey and time-invariant information
obtained during initial hospital care. All analyses
were conducted using SAS 9.4 (SAS Institute, Cary,
NC). Statistical significance of predictors was
assessed at significance levels of .05 and .01.

To translate a complex model into a user-friendly
graph, the nomogram that estimates the risk of loss
to FU based on participant characteristics was
generated from a generalized linear model using
the rms R package."” The nomogram was created
specifically for each post-injury year. One example
of the online dynamic nomogram, created by the
DynNom R package,?® was also built on Shiny R
server for demonstration.

Results

As shown in Figure 1, the loss to FU rate
increased from post-injury year 1 to year 5 (23.1%
and 32.9%, respectively) and stayed above 40% at
post-injury year 20 and beyond.

Table 1 shows the demographic and injury
factors at discharge according to FU status at post-
injury year 1. Because of the large sample size, all
comparisons were significant (p < .05) except by
sex. The multivariable GLMM analysis showed
SCIMS centers had a significantly non-zero
variance for post-injury year 1 FU ( 6. = 0.4349,
p = .0009) through post-injury year 30 FU ( 6. =
0.4405, p = .0235), indicating that SCIMS centers
explain an important amount of the total variance
of loss to FU. Eleven centers that provided data
for post-injury year 35 did not show significant
variability in study attrition for post-injury year 35
FU ( 6. = 0.1866, p = .0656).

Table 2 provides a quick high-level summary
of variables significantly associated with loss
to FU over time. Marital status, primary payer,
neurological category, and injury cohort were
significantly associated with loss to FU for most
post-injury years. Sex, employment, and injury
etiology were significant during the early years
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of FU. None of the factors reached statistical
significance at post-injury year 35.

Tables 3 and 4 provide further detail about
the effects of demographic and injury factors,
respectively, on loss to FU. The confidence intervals
corresponding to each odds ratio estimate were
depicted in supplementary digital content (eTables
1 and 2). As shown in the Table 3 and eTable 1,
people of racial minorities were more likely to be
lost to FU than were non-Hispanic whites. The
odds of being lost were also higher among people
who were not married, were institutionalized or
in group living situations, and were unemployed.
Those of older age, higher education level, and
with workers’ compensation sponsorship were less
likely to be lost.

Cohort, etiology, and medical complications
also affected loss to FU (Table 4 and eTable 2).
When analyzed as groups, the early injury cohort
(1972-1985) had a higher risk of loss to FU than
did the recent cohort (2001-2013). The odds of
being lost are lower for those with more severe
injury. Compared with people with normal bladder
function and/or free of catheterization, those who
required a special method of bladder management
were less likely to be lost. Amongall lost participants,
the proportion of those previously lost to FU was
substantial, ranging from 43.2% at post-injury year
5to 73.1% at post-injury year 25 (Table 5).

Figure 2 provides an example of a nomogram for
post-injury year 1. To find the risk of loss to FU, mark
each variable line based on participant characteristics
and find the corresponding point at the top. Compute
the total points by summing up all the points assigned
to each variable. Finally, mark the total points line
at the bottom and find the corresponding risk of
loss to FU. An interactive online nomogram for
Figure 2 is available for hands-on exercise at https://
hwasoonkim.shinyapps.io/DynNomapp/.

Discussion

In this largest and longest FU study of 25,871
persons with SCI enrolled in the NSCID, we
identified demographic and injury characteristics
of people lost to the system through 35 years
of FU. Our findings of a significant association
between socioeconomic disadvantage and overall
participant retention agree with previous studies
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Figure 1. Follow-up status by post-injury year.

Year30

Year35

Table 2. Significance of demographic and injury factors associated with loss to follow-up: Results from the

multivariable model for each post-injury year®

Post-injury year

10

15

20

25

30

35

Age

kk

* 3k

Sex

Race/Ethnicity

kk

* 3k

Marital status

kk

* 3k

w3k

ok

ok

w3k

Place of residence

kk

kk

Education

kk

* 3k

w3k

kk

Employment status

kk

* 3k

Primary payer

kk

* 3k

w3k

kk

ok

ok

w3k

Injury cohort

kk

* 3k

w3k

kk

ok

ok

Etiology

Neurological category

kk

* 3k

w3k

kk

ok

ok

w3k

Bladder management

w3k

kk

* Controlling for Spinal Cord Injury Model Systems centers and listed variables.

#.01<p<.05.
#p < .0L.
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Table 3. Odds ratios of being lost to follow-up — demographic factors: Results from the multivariable model for
each post-injury year®

Post-injury year

1 5 10 15 20 25 30 35

Current age, years

0-14 1.45 0.85 1.46

15-29 1.03 0.98 0.96 1.15 1.20 2.88

30-44 Ref

45-59 0.81 0.85 0.90 1.03 1.15 1.19 0.90 1.17

60-74 0.67 0.73 0.85 0.92 1.10 0.95 0.92 1.11

75+ 0.89 0.92 0.85 0.86 1.39 0.99 1.06 1.15
Sex

Female 1.01 0.96 0.89 1.02 1.02 1.08 0.85 1.04

Male Ref
Race/Ethnicity

Non-Hispanic white Ref

Non-Hispanic black 1.08 1.12 1.10 1.10 0.97 0.94 1.40 1.26

Hispanic 1.17 1.25 1.11 1.26 1.06 1.07 1.43 1.40

Sﬁiﬁj:gmk others/ 135 120 105 126 136 149 138 099
Marital status

Single 1.03 1.16 1.13 1.11 123 1.12 1.29 0.86

Married/Significant other Ref

Divorced/Widowed/Separated 113 1.11 1.26 1.04 1.29 1.18 1.07 0.86

Other/Unknown 1.87 1.20 4.35 1.81 4.10 3.30 7.02 2.55
Place of residence

Private Ref

Institution/Group living 1.39 1.14 1.06 0.88 1.06 0.91 1.08 1.32

Other/Unknown 1.79 1.28 0.98 1.74 1.06 0.75 1.14 2.05
Education

Less than high school Ref

High school 0.92 0.79 0.95 0.82 1.00 0.94 0.79 0.92

College or higher 0.78 0.62 0.69 0.83 1.01 0.97 0.78 0.62

Unknown 1.43 1.74 1.21 1.71 1.38 0.91 1.67 1.78

(Continued)
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each post-injury year* (CONT.)
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Odds ratios of being lost to follow-up — demographic factors: Results from the multivariable model for

Post-injury year

1 5 10 15 20 25 30 35

Employment status

Employed Ref

Student or trainee 0.93 1.16 1.01 0.94 1.08 1.14 1.17 1.41

gﬂ;ﬂﬁiiﬁfﬂkﬁred/ 110 127 088  1.08 1.04 1.00 085 130

Unknown 1.10 1.04 0.82 1.19 0.91 1.54 0.69 1.99
Primary payer

Private insurance Ref

\hf:til;‘lr:/ Medicaid/Gov/ 1.23 0.91 1.01 0.90 0.89 0.85 073  0.67

Workers” compensation 0.75 0.88 0.82 0.53 0.75 0.61 0.65 0.26

Other/Private funds 1.44 1.27 1.54 1.92 1.61 1.13 1.92 1.39

Unknown 0.95 1.22 1.36 1.23 1.38 1.25 1.04 0.87

Note: Odds ratios >1 indicating more likely to be lost to follow-up. Odds ratios with underline indicate .01 < p < .05; bold font indicates p < .01.

Gov = government.

*Controlling for Spinal Cord Injury Model Systems centers, listed variables, and injury factors.

of a smaller sample size and shorter duration
of FU in the general population’ and in special
populations.”!!

People who are at risk of being marginalized in
society (non-whites, those with less education, the
unemployed, victims of violence, and those with
no health insurance) tend to be mobile or transient
in their locations. For instance, these factors
may be associated with moving to find jobs and/
or housing and therefore with changing contact
information. As a result, these individuals may
be more difficult to locate for FU data collection,
which coincides with the most common reason
for loss to FU among NSCID participants being
“unable to contact study participants.”'’ It is critical
for longitudinal studies to invest time and efforts
to keep these disadvantaged groups engaged, as
they have been historically underrepresented in
research.

People with more severe injury and neurogenic
bladder dysfunction are more likely to return to
the SCIMS centers for medical care throughout

their lifetime, which eases the logistics of research
data collection and improves the FU rate among
these individuals. The positive relationship
between injury severity and study retention is
also supported by a previous study conducted
in the Traumatic Brain Injury Model Systems.’
Similarly, those with private insurance or workers’
compensation sponsorship tend to have better
access to health care and with more contacts with
the system are less likely to be lost to FU. Although
government insurance was not statistically
significant after post-injury year 1, we noticed that
the direction of odds ratio of government benefit
to private insurance reversed and this might be
due to larger numbers of people receiving public
benefits in later years.

We also noted the variability of FU rate across
SCIMS centers, which indicates a critical role that
the system can have in study retention through
such interventions as support from the leadership,
resources devoted to FU, clinical integration
of research FU, and an effective FU tracking
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Table4. (Odds ratios of being loss to follow-up — injury factors: Results from the multivariable model for each
post-injury year®
Post-injury year
1 5 10 15 20 25 30 35

Injury cohort

1972-1985 2.30 2.11 2.23 0.88 1.56 1.40

1986-2000 1.33 1.64 1.83 0.49 Ref Ref

2001-2013 Ref Ref Ref Ref
Etiology

Vehicular Ref

Violence 1.12 1.09 1.09 1.07 1.05 1.14 0.92 0.79

Sports 0.95 0.93 0.91 0.90 0.93 0.98 0.90 1.03

Falls 1.02 1.11 1.14 1.04 1.03 0.97 1.00 1.14

Other/Unknown 1.07 1.13 1.00 1.04 0.98 0.95 0.87 1.40
Neurological category

Ventilator dependent 0.74 0.75 0.81 0.50 0.69 0.48 0.65 2.77

C1-C4 AIS ABC 0.86 0.62 0.75 0.63 0.73 0.58 0.54 0.72

C5-C8 AIS ABC 0.89 0.69 0.67 0.75 0.69 0.58 0.72 0.94

T1-S3 AIS ABC 0.98 0.77 0.79 0.90 0.82 0.66 0.75 0.91

AISD Ref

Unknown 1.04 0.86 0.96 1.21 0.77 0.60 1.17 1.44
Bladder management

Catheter-free/Normal Ref

ICP 0.90 0.99 0.82 0.86 0.93 1.01 0.89 0.82

Indwelling 0.94 0.87 0.88 1.07 0.85 1.00 0.87 0.57

Other/Unknown 1.03 1.12 1.20 1.43 1.35 1.46 0.76 0.54

Note: Odds ratios > 1 indicating more likely to be lost to follow-up. Odds ratios with underline indicate .01 < p < .05; bold font indicates p < .01.
AIS = American Spinal Injury Association Impairment Scale; C = cervical; Gov = government; ICP = intermittent catheterization program;

S = sacral; T = thoracic;

*Controlling for Spinal Cord Injury Model Systems centers, listed variables, and demographic factors.

system. The improvement of study retention in
recent decades also emphasizes the importance
of institutional priority and supports, increased
attention to the longitudinal nature of the now
established program, and increasing enforcement
of data quality by the funding agency (National

Institute of Disability, Independent Living,
and Rehabilitation Research). Nevertheless,
there are other unmeasured factors that might
affect the differences in study retention across
SCIMS centers, such as geographic variation
in environmental factors and demographic
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Table 5. Number of participants who did not return after one or more breaks at each post-injury year
Post- Among participants lost to FU, no. who were lost previously, n (%) No FU at
injury  Total, Lossto No FU No FU No FU No FU No FU No FU NoFU  all previous
year N FU,n atyear1 atyear 5 at year 10 at year 15 at year 20 atyear25  atyear30 years,n (%)

1 25,871 5,979 - - - - - - - -

5 19,428 6,399 2,767 (43.2) - - - - - - 2,767 (43.2)
10 15,004 5,579 2,541 (45.5) 3,472 (62.2) - - - - - 1,828 (32.8)
15 11,443 4,481 2,089 (46.6) 2,593 (57.9) 3,087 (68.9) - - - - 1,189 (26.5)
20 8,530 3,486 1,759 (50.5) 1,998 (57.3) 2,174 (62.4) 2,503 (71.8) - - - 800 (22.9)
25 5937 2,431 1,310(53.9) 1,326 (54.5) 1,421(58.5) 1,580 (65.0) 1,777 (73.1) - - 462 (19.0)
30 3,489 1,520 741 (48.8) 860 (56.6) 830 (54.6) 881 (58.0) 931 (61.3) 1,008 (66.3) - 209 (13.8)
35 1,315 575 277 (48.2) 312 (54.3) 291 (50.6) 288 (50.1) 293 (51.0) 316 (55.0) 385 (67.0) 43 (7.5)

Note: FU = follow-up.
0 10 20 30 40 50 70 8 90 100
Points L L 7 A A ) L A A ;
Between 45 and 59 yunger than 14
Age (years) r L T T !
Between 60 and 74 Older than 75
Female
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Non-Hispanic Whites Hispanic
single Other/Unknown
Marital status —t T !
Married Divorced
Group Living
Place of residence r L ]
Private Other/Unknown
High school Unknown
Education r L T !
College or higher
Employed
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Figure 2. Example of the nomogram: risk of loss to follow-up at

post-injury year 1.



composition of population, which highlights the
importance of a study retention plan specifically
tailored to the data collection site.

Various strategies for study retention have been
recommended? and some have been adopted
by the SCIMS program.?? The emphasis of these
strategies is that FU should start at study entry by
building rapport with study participants, recording
as much contact information as possible, and other
similar mechanisms. It is more difficult to relocate
lost participants than to retain participants from
the start.

Overall, there seem to be two unique groups
of people with SCI that require additional
attention and efforts for study retention. Those
with less severe SCI should be reassured that
their contribution to a longitudinal study is
highly valuable and should be provided with
incentives to stay in contact, as possible. Sites
should potentially contact these individuals more
often and provide information to reinforce the
value of the longitudinal program. People with
disadvantaged socioeconomic status are lost to
FU for different reasons, such as the lack of valid
contact information. These individuals may also
need to be contacted more frequently between
the planned FU data collection points and may
require additional assistance in attending the FU
visit. Getting family members involved might also
facilitate participant retention, as suggested by the
findings of this and other studies that those living
with a spouse or significant other were less likely
to be lost.” Sites might need to provide feedback
on the program to reinforce why this program is
worthy of their participation and how it serves
them, even if less severely injured. Interest in
mobile technology use and health has soared
recently in public health** and in SCI research.>>**
Therefore, the use of mobile phone text messaging
to promote study retention deserves further
investigation.

Our study findings can be presented in a
nomogram, showing the risk score of each
participant characteristic in predicting loss to
FU. Nomograms are a good tool for translating
a complex model into a user-friendly graph,?-°
which can be used to alert researchers to the risk
of loss while enrolling study participants and
collecting FU data.
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Limitations

As study participants were recruited from SCIMS
centers, but not from a population-based sample,
the study findings may not be generalizable to
all people with SCI in the United States. Deaths
and other technical reasons for non-participation
(eg, incarceration, breaks in funding, and study
withdrawal) were excluded from data analysis. As a
result, our study is limited in terms of providing a
complete picture of study attrition or in assessing
the bias due to study attrition of any cause. Other
important factors are potentially associated with
participant retention, as well, such as data collection
practices, retention strategies, interviewers’ skills,
and participant’s burden and incentives. Due to
constraints associated with the NSCID design, this
study was not able to examine these factors. Our
data contain multiple observations over multiple
time points for the same subjects, and time-series
or panel data analyses might be used to add more
inferences.

Conclusion

The present study provides evidence that
highlights the importance of incorporating
strategies to maximize FU participation from
initial enrollment in the NSCID. Important
demographic and injury characteristics associated
with loss to FU can be obtained at study entry.
These individuals can then be targeted for
strategies to maintain their participation at FU.
These approaches should be targeted based upon
the specific risk factors exhibited by participants.
Furthermore, this study provides evidence
that centers differ in retention, but that overall
retention has increased over time, suggesting that
improvements can be made. Because it is easier
to retain participants than to relocate them once
they have been lost to FU and because reducing
attrition strengthens the value of longitudinal
data, it is critical to develop and validate effective
interventions to ensure participant retention.
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