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ABSTRACT

Purpose: To investigate linkages between circulatory adipogenic and myogenic biomarkers, gluteal intramuscular
adipose tissue (IMAT), and pressure injury (Prl) history following spinal cord injury (SCI).

Methods: This is an observational repeated-measures study of 30 individuals with SCI. Whole blood was col-
lected regularly over 2-3 years. Circulatory adipogenic and myogenic gene expression was determined. IMAT was
defined as above/below 15% (IMATd) or percentage (IMAT%). Prl history was defined as recurrent Prl (RPrl) or Prl
number (nPrl). Model development used R packages (version 3.5.1). Univariate analysis screened for discriminat-
ing genes for downstream multivariate and combined models of averaged and longitudinal data for binary (RPrl/
IMATd) and finer scales (nPrl/IMAT%).

Results: For adipogenesis, Kriippel-like factor 4 was the top RPrl predictor together with resistin and cyclin D1,
and sirtuin 2 was the top IMAT predictor. For myogenesis, the top RPrl predictor was dysferlin 2B, and pyruvate
dehydrogenase kinase-4 was the top IMAT predictor together with dystrophin.

Conclusion: Circulatory adipogenic and myogenic biomarkers have statistically significant relationships with Prl
history and IMAT for persons with SCI. Biomarkers of interest may act synergistically or additively. Variable impor-
tance rankings can reveal nonlinear correlations among the predictors. Biomarkers of interest may act synergisti-
cally or additively, thus multiple genes may need to be included for prediction with finer distinction.

Keywords: Adipogenesis genes, Circulatory biomarkers, Myogenesis genes, Recurrent pressure injury, Spinal cord
injury

Introduction et al (2) reported that from 2011 to 2014 there were 60,000

reported deaths due to Prl. Prl management is also expen-

Pressure injuries (Prls) are defined as localized damage to
skin and underlying soft tissue that develops due to intense
and/or prolonged pressure or pressure combined with shea-
ring (1). Prl can present as intact skin or as open ulcers and
can take months or years to heal once developed. Deve-
lopment and/or recurrence of a Prl limits activities of daily
living, often leading to hospitalization and even death. Padula
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sive: Management of hospital-acquired Prl (HAPI) alone has
been reported to cost US healthcare over $26 billion annually
(3). Management costs for community-acquired Prl have yet
to be determined but may be presumed to be at least $8 bil-
lion (30% of HAPI costs).

Spinal cord injury (SCI) is defined as damage to any part
of the spinal cord or nerves at the end of the spinal canal.
Traumatic SCI occurs suddenly due to a blow or cut to the
spine, such as can occur in a motor vehicle accident or fall. SCI
often leads to permanent loss of strength, sensation, and fun-
ction below the site of the injury. A complete SCI will result in
total loss of all motor and sensory function below the level of
injury, while with an incomplete SCI there can be some sen-
sory and/or motor function retained. During the acute and
subacute stages following injury, there can be some neuro-
recovery. Once neurorecovery has plateaued, the condition
is considered to be chronic SCI (4). This is most commonly
considered to be 1 year following traumatic injury.
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2 Adipogenic and myogenic circulatory biomarkers in spinal cord injury patients

Persons with SCI remain at risk for Prl development throu-
ghout their lifetime and often develop community-acquired
Prl. Prl remain one of the most devastating secondary com-
plications for persons living with SCI. It remains unclear why
some persons with SCI suffer from a continuous cycle of
recurring Prl, while others remain Prl free.

The National Pressure Injury Advisory Panel has recogni-
zed that some Prl might be unavoidable due to complex and
systemic intrinsic factors (5). In response to these intrinsic
factors, biomarkers that signal tissue health status are rele-
ased into circulation. Circulatory messenger ribonucleic acid
(mRNA) biomarkers related to fatty metabolism, which are
valuable risk indicators for Prl risk, have previously been
reported (6). Factors that regulate and control downstream
biomarker production related to fatty metabolism, specifi-
cally adipogenesis and myogenesis, are thus of interest for
determining the risk of developing recurrent Prl (RPrl).

The study objective was to evaluate relationships
between circulatory adipogenic and myogenic biomarkers,
Prl history, and muscle composition, in persons with chronic
SCl, by secondary analysis of preexisting blood samples.

Methods

A repeated-measures study design was employed. Indi-
viduals with complete or incomplete SCI were recruited:
Exclusion criteria included having an open pelvic region Prl
and presence of a systemic disease. A comprehensive demo-
graphic profile was obtained at enrolment. Whole blood
samples were obtained every 6 to 12 months over 2-3 years.
The study was carried out at a tertiary care facility. All clini-
cal study activities were reviewed and approved by the local

Participants with blood samples
available
N=39

Institutional Review Board and by the US Army Human Rese-
arch Protection Office.

Blood sample collection

Whole blood samples were collected for quantitative
reverse transcription polymerase chain reaction (RT-qPCR)
analysis. Samples were frozen immediately in a -80°C freezer
prior to further processing. Samples from participants who
met the eligibility criteria of either having no Prl history or
having a history of RPrl were selected for secondary analysis
focused on circulatory adipogenic and myogenic biomarkers
(Fig. 1).

RT-qPCR analysis

RNA was extracted from whole blood samples using QIA-
zol Lysis reagent and the Qiagen Mini Kit (Qiagen, Valencia,
CA) following the RNA extraction protocol provided in each
kit. Immediately following completion of RNA isolation,
sample concentration was measured using the NanoDrop
ND-2000. Sample yields between 25 and 200 ng/uL of RNA
and A260:A280 ratios between 1.8 and 2.0 were used for fur-
ther processing. RNA Integrity Number (RIN) was determined
using fluorometric quantification (Qubit, Fisher Scientific Sin-
gapore) and confirmed using the Agilent Bioanalyzer. Verifi-
cation of 18S and 28S ribosomal RNA integrity was analyzed
by agarose gel electrophoresis and Agilent Bioanalyzer elec-
tropherograms.

The thermocycler was used for complementary deoxyri-
bonucleic acid (cDNA) synthesis; 200 ng RNA from each sam-
ple was mixed with Buffer GE and nuclease-free water from

Fig. 1 - Observational study: flow
chart for secondary analysis of
blood samples for model deve-
lopment
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the Qiagen RT? First Strand kit (Qiagen, Valencia, CA). At stage
2, the RT mix (Qiagen, RT? First Strand Kit, Valencia, CA) was
added to the RNA solution and the sample was left to run for
the remaining stages. Nuclease-free water (Qiagen, RT? First
Strand Kit, Valencia, CA) was added after cDNA synthesis was
completed. The cDNA was mixed with nuclease-free water
(Qiagen, Valencia, CA) and SYBR Green ROX qPCR Master Mix
(Qiagen, Valencia, CA) based on the Qiagen RT? Profiler PCR
array handbook. Commercially available custom RT? Profiler
PCR array plates (PAHS-049ZA and PAHS-099ZA) were emplo-
yed to determine expression of over 100 genes involved in
adipogenesis and myogenesis.

RT-gPCR analysis was run using a 96-fast plate SYBR
Green qPCR protocol on an ABI ViiA7 platform (Applied Biosy-
stems, Foster City, CA, USA) by the standard curve method.
Each well contained 25 pl total reaction volume. The pro-
tocol included 1 cycle for 10 minutes at 95°C to activate the
HotStart DNA Taq Polymerase followed by 40 cycles of 2-step
RT-qPCR, including 15 seconds at 95°C and 1 minute at 60°C
where fluorescence data collection was performed. Ramp
rates were adjusted to 1°C/s. Lastly, a 1-cycle melting curve
verified RT-qPCR specificity according to the RT? Profiler PCR
array handbook.

Raw Ct (cycle threshold) values were loaded into gbase+
software (BioGazelle, Zwijnaarde, Belgium) to compute Cali-
brated Normalized Relative Quantities (CNRQ) for further
data analysis. Inhibition testing used RT control and positive
PCR control wells on the custom array plates. Ct values across
all PCR array runs were analyzed for sufficient quality by the
value of the C P*“ wells of 20+2. Values outside this threshold
were eliminated from analysis. General DNA contamination
was observed by analyzing the raw Ct values of the human
genomic DNA contamination (HGDC) well on each plate and
eliminating sample runs with values less than 35 Ct in the
HGDC well. A control Ct value less than 35 indicated the pre-
sence of detectable genomic DNA contamination as recom-
mended by the Qiagen RT? Profiler PCR array handbook.

References genes (beta-2-microglobulin, actin, hypo-
xanthine phosphoribosyltransferase-1, and large riboso-
mal protein PO) were included in custom plate arrays from
Qiagen. Normalization methods were automated through
gbase+ software.

Gluteal intramuscular adipose tissue (IMAT) content was
determined following a previously developed standardized
protocol (7).

Demographics

Repeated evaluations were completed for 30 participants
with complete or incomplete SCI. Study participants had
either a history of multiple Prl (Group I) or no history of Prl
(Group I1). Study groups were comparable with respect to
standard demographic measures as shown in Table I.

Statistical methods
As with most studies using multivariate PCR arrays, not

all genes were present for all samples. Merely deleting any
gene (the column variable) or any observation (the row

© 2020 The Authors. Published by AboutScience
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TABLE | - Study participant demographics
Group | Group Il
Prl No Prl

N 29 18 12

Range 22-75 22-71
Age at injury

Mean 46.3 50.2

Range 33-81 30-74
Age at study

Mean 57.5 57.6

Male 16 89% 11 92%
Sex

Female 2 11% 1 8%
Duration Range 9mo-46y 1mo-34y
of injury Mean 13.8y 75y
Neurological Above T6 12 67% 9 75%
level Below T6 6 33% 3 25%

Complete (AIS=A) 7 39% 2 17%
ASIA Level Incomplete 11 61% 10 83%

(AIS=B,C,D)

AIS = American Spinal Injury Association Impairment Scale; Prl = pressure
injury.

variable) with any missing values would both eliminate too
many observations and lead to a biased sample, since there
is a low detection limit (LDL) for each gene. In the current
study, genes with more than 70% missing were excluded
from all analysis. To overcome the LDL issue, missing values
for the remaining genes were imputed before a downstream
analysis and the missing information directly incorporated
in the next stage analysis. The imputed values were deter-
mined to be an estimated conditional mean of gene expres-
sion, given that the expression is known to be smaller than
the detection limit defined by gbase+, or a scaled minimum
observed value, as suggested by Nie et al (8). The minimum
observed values of normalized expressions were negative if
gene activity was less than the normalization factors. We exa-
mined the effect of imputation by the conditional mean, and
1, V2, and 2 times the minimum observed. It was found that
each approach gave similar results. Hence, the results using
V2 as the scaling factor are presented.

Comprehensive analyses were carried out on data with
longitudinal repeated measures and on data averaged over
time to find the factors that influence Prl outcomes. Mea-
ningful outcomes were defined as the number of Prl (nPrl)
and the percent of IMAT (IMAT%) since IMAT has been found
to be a major risk factor for Prl in earlier analysis (7,9). The
dichotomized versions of these two outcomes were “with
or without pressure injury” (RPrl) and “below or above 15%
IMAT” (IMATd).

Data analyses were performed using statistical software
program R (version 3.5.1) with packages rpart (for tree-based
modeling), Ime4 (for linear mixed effects modeling), gee-
pack (for Generalized Estimating Equation [GEE] modeling),
glmnet (for least absolute shrinkage and selection operator
[LASSO] on generalized linear models), and glmmlLasso (for

A



4 Adipogenic and myogenic circulatory biomarkers in spinal cord injury patients

LASSO on generalized linear mixed models). Due to the large
number of genes relative to the number of subjects (large p
problem), our comprehensive analyses included univariate,
multivariate, and combined analyses.

Univariate analyses

Each gene was examined to see if it was discriminated
between the dichotomized outcomes of interest, specifically
RPrl and IMATd. The statistical methods for group compari-
sons are given below:

Group comparison via confidence interval on data averaged
over time

For each gene, the t- and bootstrap confidence intervals
(Cls) of each group mean were used to check the Cl overlap
for contrasting groups. The absence of any overlap approxi-
mated a significant group mean difference at 0.05, based on
the Cl levels recommended by Payton et al (10).

Group comparison via survival models

Gene expression data can be considered as left-censored
data, that is, values below the detection limit are censored.
Thus, survival models were applied treating data without
missing values as an event and data with missing values as
censored. In this case, “longer survival time” is equivalent to
higher gene expression values. Both a parametric procedure
based on the log-normal distribution and the Kaplan—Meier,
a nonparametric survival analysis procedure, were used to
check group differences based on RPrl and IMATd for each
gene.

Variable importance rankings from the parametric model
are presented for important adipogenesis (Tab. II) and myo-
genesis genes (Tab. Ill). Genes selected by this prescreening
procedure were then included for downstream analyses
using multivariate and combined approaches.

Multivariate analyses

Tree-based models and penalized regression procedures
using LASSO are suitable for finding important factors for
large-p data. For averaged data over time, tree-based models
on dichotomized RPrl and IMATd including all eligible genes
were first performed. Tree-based models handle missing
values by using surrogates. The variable importance ranking
from these models is indicative of the candidate genes for
the final modeling.

LASSO preforms variable selection and prediction from
a complex dataset simultaneously. Two LASSO R packages
were used: gimnet for averaged data and gimmLasso for lon-
gitudinal data with a random intercept. Variables of interest
were also analyzed on the finer scale. Poisson regression was
applied to nPrl. Gaussian regression was applied to the logit
transformed IMAT%.

For averaged data, the penalization level was set by
both fivefold cross-validation (CV) and minimizing the Baye-
sian information criterion (BIC). For longitudinal data the

A

TABLE Il - Binary outcomes: variable importance ranking for adipo-
genesis genes

Gene name Standard Ranking
abbreviation
(a) RPrl as outcome
IMAT% 6.01
Kruppel-like factor 4 KLF4 3.21
Retinoblastoma 1 RB1 2.25
Cyclin-dependent kinase inhibitor 1A CDKN1A 1.50
Fatty acid synthase FASN 1.50
Insulin receptor substrate 2 IRS2 1.50
Lamin A/C LMNA 1.50
(b) IMATd as outcome
Sirtuin 2 SIRT2 4.80
Complement factor D (adipsin) CFD 2.40
Cyclin-dependent kinase inhibitor 1B CDKN1B 1.92
Insulin receptor substrate 2 IRS2 1.92
Sterol regulatory element binding SREBF1 1.92
transcription factor 1
Tafazzin TAZ 1.92

IMATd = below or above 15% intramuscular adipose tissue; RPrl = recurrent
pressure injury.

TABLE IlI - Binary outcomes: variable importance ranking for myo-

genic genes

Gene name Standard Ranking

abbreviation
(a) RPrl as outcome

IMAT% 6.01
Dysferlin 2B DYSF2B 2.76
Mitogen-activated protein kinase 1 MAPK1 2.76
Lamin A/C LMNA 2.25
Calpain 3 CAPN3 1.88
AKT serine/threonine kinase 1 AKT1 1.50
Mitogen-activated protein kinase 14 ~ MAPK 14 1.50
Caspase 3, apoptosis related CASP3AR 1.26
Adrenoceptor beta 2 ADRB2 1.26
Myocyte enhancer factor 2C MEF2C 1.26
(b) IMATd as outcome
Pyruvate dehydrogenase kinase 4 PDK4 5.09
Lamin A/C LMNA 2.78
Matrix metallopeptidase 9 MMP9 2.78
Transforming growth factor beta 1 TGFB1 2.78
Ribosomal protein S6 kinase, RPS6KA1 2.31
polypeptide 1
Utrophin UTRN 2.31

IMATd = below or above 15% intramuscular adipose tissue; RPrl = recurrent
pressure injury.

© 2020 The Authors. Published by AboutScience
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penalization level was set only by minimizing BIC due to high
computational cost in using CV.

GEEs using the selected genes from longitudinal LASSO
were also fit to serve as a complementary “sanity check” for
the effects of the selected genes. As above, a possibly signifi-
cant effect was defined as having a p< 0.05. A marginal effect
was defined as having a p>0.05 but <0.10.

Regression combining the results from univariate and
multivariate analyses

Genes found to be important from either the univariate
analyses or one of the multivariate analyses were selected
into a preliminary candidate set. A further combined analysis
was then conducted using generalized linear mixed models
to evaluate the feasibility of a more parsimonious model.
Three candidate analysis procedures/models were applied
(Tree, GLMM LASSO, and combined GLMM) using both binary
(RPrl/IMATd) and finer scales (nPrl/IMAT%) on averaged data
and longitudinal data with a random intercept. All the repor-
ted Poisson GLMM models passed the “over-dispersion” test.

Results

Following SCI, there is a loss of muscle mass and changes
in muscle fiber type (11), which has some similarities to sarco-
penia. Acutely following injury, there is a rapid and dramatic
loss of muscle mass over a period of weeks or months. It has
also been shown that composition of the paralyzed muscle
also changes (9): dystrophic-type changes occur in muscles
with the lean muscle tissue replaced by adipose tissue, that
is, fatty infiltration, or IMAT, increases. These changes in com-
position continue, even several years following injury. IMAT
has been reported to increase with aging in healthy adults
(12), with an increase of around 3% annually for persons
over 50 years (13). However, following SCI, the rapid IMAT
accumulation seen in some individuals is occurring both
more quickly and at a younger age than would be expected
for sarcopenic muscle changes (9). Higher IMAT compromi-
ses tissue resilience by reducing the overall microvascula-
rity of the affected composite muscle tissue. The remaining
blood vessels are also more prone to occlude under load.
These changes thus impair the response to applied loads and
increase the risk of tissue breakdown and Prl development.
Changes in adiposity do not appear to be associated or cor-
related with clinical or demographic factors such as level or
extent of injury (9,14). It is also important to clarify that in
the same way as cholesterol levels vary independent of body
mass index (BMI), so higher levels of IMAT deposition are not
correlated with SCl-adjusted BMI.

There is growing appreciation that there is increased sub-
clinical inflammatory activity following SCI (15-17), which has
recently been confirmed by functional genomics (18). When
inflammation is prolonged by dysregulation, it can have
harmful effects on tissue. However, prior work has shown
that while inflammatory biomarkers can be detected in the
circulation of persons with SCI, they are not discriminatory
for RPrl risk (6). The role of fatty infiltration, or intramus-
cular adipose tissue, has only recently been reported (7,9).

© 2020 The Authors. Published by AboutScience

Relationships between adipogenic and myogenic circulatory
biomarkers and RPrl in persons living with SCI have not previ-
ously been reported.

In the current study, results from different models were
relatively consistent for identifying most important genes
with a statistically significant effect on Prl history or IMAT. All
the genes with a significant p value (<0.05) for the regression
modeling combining univariate and multivariate analyses
were considered together with those that have a marginal
p value (<0.10) from most tests.

Adipogenic circulatory biomarkers

Using RPrl as the outcome measure, IMAT% is the top
variable and Krippel-like factor (KLF4) the top adipogene-
sis gene that complements IMAT in predicting Prl (Tab. lla).
KLF4 supports energy demand in skeletal muscle (19) and
has been suggested as a potentially significant inhibitor of
adipose biology (20). When IMATd was defined as the pri-
mary model outcome, the adipogenesis tree model indicated
sirtuin 2 (SIRT2) was the critical determinant (Tab. llb). The
importance of SIRT2 as an adipogenesis gene for IMAT is also
shown by both GLMM with a LASSO penalty and the com-
bined GLMM analysis (Tab. V). SIRT2 inhibits lipid synthesis,
playing a role in glyceroneogenesis or fat deposition into adi-
pose tissue (21). Thus, increased SIRT2 expression may play a
role in IMAT deposition over time following SCI.

In the combined GLMM analysis for nPrl, a finer scale
than RPrl, in addition to IMAT, important adipogenesis genes
included GATA binding protein 2 (GATA2), resistin (RETN), and
cyclin D1 (CCND1) (Tab. IV).

We also found retinoblastoma 1 (RB1) to be a significant
factor in models fit for RPrl (Tab. lla) and in the multivariate
adipogenesis model using IMAT% as outcome (Tab. V). RB1
expression is an important factor in adipocyte differentiation
(22). It is negatively associated with BMI in able-bodied indivi-
duals, but positively associated with adipogenesis regulators
such as peroxisome proliferator-activated receptor gamma
(PPARYy). Current results suggest RB1 levels are reduced in
environments that limit adipogenesis. Complement factor D
(CFD), also known as adipsin, is an important factor in the
binary adipogenesis model with IMATd as outcome (Tab. IIb).

TABLE IV - Poisson generalized linear mixed model using nPrl as
outcome for adipogenesis (conditional R = 0.73)

Gene Standard Estimate Std. zvalue Pr(>|z])
name abbreviation
(Intercept) 0.359 0.346 1.04 0.2990
IMAT % 2.479 0.852 2.91 0.0036
GATA GATA2 0.355 0.890 0.4 0.6900
binding
protein 2
Resistin RETN 1.116 0.694 1.61 0.1080
CyclinD1 CCND1 0.582 0.246 2.36 0.0180
Months -0.001 0.016 -0.05 0.9599

IMAT = intramuscular adipose tissue; nPrl = recurrent pressure injury number.

A
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TABLE V - Linear mixed model using logit(IMAT) as outcome for adi-
pogenesis (conditional R? = 0.98)

TABLE VI - Poisson generalized linear mixed model using nPrl as
outcome for myogenesis (conditional R* = 0.75)

Gene name Standard Estimate Std. t Pr(>|t|) Gene name  Standard Estimate Std. z Pr(>|z|)
abbreviation value abbreviation value
(Intercept) -2.252 0.408 -5.53 0.00001 (Intercept) -0.220 0.297 -0.74 0.4595
Nuclear receptor NCOA1 2453 1.054 233 0.0518 IMAT% 2.674 0.859 3.11 0.0019
coactivator 2 Dysferlin 2B DYSF2B 1.061 0692 153 0.1252
Resistin RETN ~0.964 0420 -2.29 0.0631 Hexokinase 2 HK2 -1.132 1.002 -1.13 0.2587
Sirtuin 2 SIRT2 1486 0599 248 00448 Interleukin 1, IL-1B 1138 0.806 141 0.1578
Sirtuin 3 SIRT3 -2.621 0.584 -4.49 0.0034 beta
retinoblastoma RB1 -3.328 0.648 -5.14 0.0015 Months -0.003 0.016 -0.18 0.8608
1 IMAT = intramuscular adipose tissue; nPrl = recurrent pressure injury number.
retinoid X RXRA 2.658 0.648 4.10 0.0074
receptor, alpha
Months _0051 0010 -5.08 0.0017 TABLE VII - Linear mixed model using logit(IMAT) as outcome for

IMAT = intramuscular adipose tissue.

CFD is exclusively expressed in adipose tissue and is a rate-
limiting component of the alternative complement pathway
that regulates innate immune response (23).

Myogenic circulatory biomarkers

For myogenesis, in addition to Prl, the top gene that works
with IMAT is dysferlin 2B (DYSF2B) to predict RPrl (Tab. llla)
and pyruvate dehydrogenase kinase 4 (PDK4) for predicting
IMATd (Tab. lllb). Although included on a myogenesis panel,
PDK4 also contributes to glucose metabolism regulation, faci-
litating glyceroneogenesis and triacylglycerol storage (24).
The current models also showed PDK4 to be a useful but not
significant factor in multivariate myogenesis models with
IMAT as the outcome (Tab. VII).

The binary myogenesis tree model (Tab. llla) indicates
that DYSF2B expression is a myogenic determinant for RPrl.
Lack of DYSF2B causes changes in myofiber repair, alters cal-
cium homeostasis, and causes chronic muscle inflammation
(25). Muscle loss due to myofiber replacement with fibrotic
or adipogenic tissue is well known in chronic muscle injuries,
but has not previously been studied in persons with chronic
SCI. Muscle damage and regeneration are exacerbated by
increased levels of fibro/adipogenic precursors (FAPs), which
cause adipogenic replacement of muscle fibers in tissues
with mutated dysferlin (25).

GLMM with a LASSO penalty indicated DYSF2B as an
important gene in the multivariate myogenesis models for
nPrl (Tab. VI). For the combined GLMM analysis, dystrophin
(DMD) also appeared to be more significant in the combined
model when logit(IMAT) is the outcome measure (Tab. VII).
PDK4 was also included in the final models but with p values
larger than 0.10 (Tab. VII).

Limitations

This exploratory study involved a moderately sized cohort
followed for up to 3 years. Variations between univariate and

A

myogenesis (conditional R? = 0.72)

Variable name  Standard Estimate Std. t Pr(>|t|)
abbreviation value
(Intercept) -2.067 0.376 -5.49 0.000003

Matrix MMP9 0.641 0.621 1.03 0.3100

metallopeptidase

9

Pyruvate PDK4 0.173 0.644 0.27 0.7910

dehydrogenase

kinase 4

Dystrophin DMD 0.401 0.194 2.07 0.0490
Months 0.002 0.018 0.12 0.9040

IMAT = intramuscular adipose tissue.

multivariate models for adipogenesis indicate some diffe-
rence in pathways for Prl development and IMAT. For myo-
genesis, the results across all analyses are more consistent.
Further work is needed to clarify the impact on Prl risk over
time of genes of interest involved in adipogenesis and myo-
genesis.

Conclusions

Persons with SCI have a near-normal life expectancy if
they do not develop severe secondary complications, in par-
ticular Prl. While this is a lifetime risk, it also appears that
susceptibility for this devastating secondary complication
is unique for each individual. These differences are not cle-
arly associated with either level of injury or American Spinal
Injury Association Impairment Scale (AlS) grade. This explora-
tory analysis confirms that IMAT is a major indicator for RPrl
risk. Circulatory adipogenic and myogenic biomarkers have
statistically significant relationships with Prl history and IMAT.
The models indicated the importance of each gene based on
the sum of the improvements in all nodes. Variable impor-
tance rankings can reveal nonlinear correlations among the
predictors. Biomarkers of interest may act synergistically or
additively, thus multiple genes may need to be included for
prediction with finer distinction.

© 2020 The Authors. Published by AboutScience
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