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Modification of the Diabetes Prevention Program Lifestyle Intervention 
in Persons with Spinal Cord Injury: Efficacy for Reducing Major 
Cardiometabolic Risks, Increased Fitness, and Improved Health-Related 
Quality of Life
Gregory E. Bigford1,2*, Doug A. Lehmann3, Luisa F. Betancourt1,2, Jennifer L. Maher4, Armando J. Mendez5, Mark S 
Nash1,2,6

Abstract
Individuals with chronic spinal cord injury (SCI) face elevated risks of 
cardiometabolic diseases, including cardiovascular disease and type 2 
diabetes, due to factors like physical inactivity, neurogenic obesity, and 
disrupted glucose and insulin regulation. We conducted a prospective 
intervention cohort study involving 20 individuals with SCI (aged 28-60) 
with neurologic injuries at levels C4-T10 and ASIA scale grades A-D, 
lasting over a year. Our study assessed the impact of a therapeutic lifestyle 
intervention (TLI) based on the Diabetes Prevention Program (DPP) and 
its maintenance phase. The TLI comprised circuit resistance training, 
a Mediterranean-style calorie-restricted diet, and tailored behavioral 
support. Key outcomes measured included cardiometabolic risks (plasma 
analytes and disease biomarkers), anthropometrics (body mass, BMI, tissue 
composition), global metabolism, fitness (aerobic capacity, peak strength), 
and health-related quality of life (SF36). Results demonstrated a significant 
reduction in body mass and BMI by 7.5%, a 7% decrease in total fat mass, 
and substantial improvements in glucose regulation and insulin sensitivity. 
Lipid profiles improved, with reduced total cholesterol, triglycerides, 
and LDL-C, and increased HDL-C. Resting energy expenditure and fat 
oxidation increased by 27.4% and 58.5%, respectively. Aerobic capacity 
and dynamic strength also improved significantly. The Physical and 
Mental Composite Scores of the SF36 improved by 22.8% and 30.5%, 
respectively. Following the maintenance phase, several positive outcomes 
persisted, indicating a reduction in risk for cardiovascular disease and 
comorbid disorders. Our findings support the effectiveness of TLI in 
reducing cardiometabolic risks, enhancing fitness, and improving health-
related quality of life in individuals with chronic SCI. 

Trial Registration: ClinicalTrials.gov, ID: NCT02853149 Registered 
August 2, 2016.
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Introduction 
Traumatic spinal cord injury (SCI) is a debilitating event with enduring 

consequences, including complex and pathological metabolic changes 
[1]. These include alterations in both body composition[2-8] and energy 
metabolism [9,10], which, when combined with reduced mobility/physical 
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activity, contribute to the prevalence of conditions such 
as obesity[5,8,11,12], dyslipidemia[13-19], and insulin 
resistance [20-22]. These conditions often cluster as a 
cardiometabolic syndrome (CMS) elevating the risk of 
diseases like cardiovascular disease (CVD) and type 2 
diabetes mellitus in chronic SCI [23,24]. These disorders 
constitute leading causes of mortality and morbidity in the 
population [25].

Studies addressing obesity among persons with SCI 
report prevalence rates that reflect 55% to 95.7% of the 
population[26-28], and alarmingly, obesity is a sufficient 
standalone to accelerate CVD [29]. Obesity poses challenges 
to mobility, independence, and overall well- being [30-32]. 
Despite the critical need for evidence-based interventions 
addressing obesity and CMS risks in SCI [33,34], limited 
options exist.

Conventional rehabilitation strategies emphasize 
lifestyle modifications such as exercise [35,36] and nutrition 
[35,37], which have shown some promise in reducing CMS 
risks such as obesity[38, 39], BMI[30], dyslipidemia[39], 
insulin resistance.[40-42], and inflammatory correlates of 
disease [43]. However, given that these strategies have, at 
best, shown marginal benefit as monotherapies, the current 
consensus is that a more comprehensive intervention be used. 
Therapeutic lifestyle intervention (TLI) emphasizes regular 
physical activity, healthy nutrition, stress management, and 
educational interventions as key components for weight 
management and overall health in the SCI population [33].

A previous randomized controlled trial (RCT) of a 12-
week ‘weight management’ program in individuals with SCI 
found improvements in body mass and body mass index (BMI) 
[30], however, they reported recidivism at post-intervention 
follow-up. Despite being multi-pronged, this program was 
primarily didactic, and without a structured exercise program 
with targeted CMS risk reduction. Recently, our group adapted 
the TLI that was the framework for the Diabetes Prevention 
Program (DPP) – based on established benefits of nutrition, 
exercise, and behavioral weight control – to address the 
increased risk of developing type 2 diabetes and other CMD’s 
in the SCI population. Aligned with previous epidemiological 
findings linking diabetes risk to elevated body weight and BMI 
levels [44,45], and the positive outcomes of the DPP [46,47], 
the intervention sought to achieve and sustain a ≥7% weight 
loss, a threshold known to prevent the onset of type 2 diabetes. 
Preliminary results indicated that the TLI led to a significant 
reduction in body mass, surpassing the intervention target, 
and effectively mitigated component risks associated with 
CMS and diabetes.[48] These promising results underscore 
the need for a larger sample population to validate and refine 
the TLI, expanding the analysis to comprehensively assess 
CMS risks and associated health parameters.

The overarching objective of this study was to 

comprehensively assess the efficacy of a DPP-adapted TLI 
for SCI on (i). mitigating obesity and related CMS risks ii. 
Improving health- related fitness measures and (ii). Improving 
health-related quality of life measures. Here we demonstrate 
in a cohort with chronic SCI, significant whole-body mass 
and fat mass reductions after TLI, as well as significant 
improvements in markers of glucose metabolism, lipids, 
cardiorespiratory fitness, dynamic strength, and both physical 
and mental composite self- assessment scores associated with 
health-related quality of life (HRQoL). These important 
findings suggest the TLI is effective in reducing CMS risks and 
co-morbid disorders, and should be considered as a first-line 
rehabilitation strategy to off-set secondary cardiometabolic 
health complications in SCI.

Materials and Methods
 The described methods provide a condensed overview of 

each intervention. Refer to the original protocol publication 
[49] for the complete and detailed methodology.

Design, Participants, Statement of Ethics
Following presentation of study privacy practices and 

the Health Insurance Portability and Accountability Act 
(HIPAA) protections, written and verbal informed consent 
was obtained from all participants. The protocol was approved 
by the Human Subjects Research Office, Miller School of 
Medicine, University of Miami.

Twenty (20) individuals with chronic SCI were recruited 
from a rehabilitation and research center at a level 1 trauma 
center and academic institution between August 2016 and 
March 2020. We note, the SCI participants represent a subgroup 
of study participants in the registered trial NCT02853149. 
We include a range of ASIA Impairment Scale classifications 
and injury levels enhances the generalizability of the study 
findings, and a more comprehensive understanding of the 
impact of the intervention across diverse spinal cord injury 
profiles. This approach acknowledges the heterogeneity 
within the spinal cord injury population.

6-Month Lifestyle Intervention
1.	 Supervised exercise intervention: Participants engaged in 

a circuit resistance training program three times a week 
on non-consecutive days as previously described.[48-
51] Each session lasted approximately 40-45 minutes 
and included both resistance training (weightlifting) 
using an Equalizer 7000 multi-station exercise system 
(Helm; Bozeman, MT, USA), and endurance activities 
(reciprocal arm exercise, VitaGlide® (VitaGlide, LLC., 
Rockledge, FL, USA), RehabMed International, or arm 
crank ergometry, Colorado Cycle) with interposed periods 
of incomplete recovery (i.e., heart rate not falling to 
baseline).The training intensity was gradually increased 
over the weeks based on the 1- Repetition Maximum  
(1-RM) values calculated during initial strength testing.
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2.	 Nutritional intervention: Participants followed an energy-
restricted Mediterranean-style diet. Daily energy intake 
was adjusted to achieve a 500-1000 kcal deficit per 
day, with a target weekly weight loss of 0.45-0.91 kg or 
approximately 7% of baseline body mass by the end of 
the intervention. The diet emphasized fruits, vegetables, 
whole grains, olive oil, poultry, and fish. The macronutrient 
composition consisted of 50% carbohydrates, 15% 
protein, and 35% fat, primarily monounsaturated fats.

3.	 Behavioral intervention: The behavioral intervention 
involved a 16-session protocol designed specifically for 
individuals with spinal cord injuries (SCI). The sessions 
focused on education, problem-solving skills training, 
and cognitive restructuring. Half of the sessions provided 
information on nutrition and exercise, while the other half 
addressed psychological, social, and behavioral challenges 
to sustaining behavior change. Each participant received 
a personalized Lifestyle Intervention Manual containing 
their data, goals, and motivational messages, including a 
virtual image of themselves at 7% lighter weight.

6-month self-care extension phase:
During the sixth month of the clinical training phase, 

participants were trained for the extension phase of the 
intervention. Lifestyle coaches worked closely with 
participants to explore and choose a training mode that they 
found engaging and enjoyable. Intensity thresholds were 
set to replicate those experienced during the clinical phase. 
Bi-monthly behavioral support sessions were conducted, 
lasting approximately 1 hour each. These sessions involved 
data collection, reviewing self-monitoring records, assessing 
competencies, introducing new topics, creating action plans, 
and scheduling the next meeting.

Participant Testing
The following data were obtained at baseline, following 

6-month supervised TLI, and following a 6-month minimally 
supervised extension phase:

•	 Body Mass, BMI, and Body Composition

Body mass was expressed as the average of two 
measurements on a calibrated wheelchair scale. BMI was 
measured using an adjusted scale for SCI with the surrogate 
measure of overweight as ⩾22 kg m-2 and obesity as ⩾25 kg 
m-2 [52,53], currently the target recommendations for BMI 
accompanying SCI [35]. Total body and regional composition 
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analysis including measurements of fat-free mass (FFM), 
fat mass (FM), percentage of body fat (%FM), lean mass 
(LM), and bone mineral content (BMC), was conducted 
by dual-energy X-ray absorptiometry (DXA) using a GE 
Lunar Prodigy Advance scanner (GE Lunar Inc., Madison, 
WI, USA), as previously reported. [54] In brief, participants 
were instructed to remove any metal, void their bladder, and 
dress in light clothes prior to transfer to the scanner, which 
was performed either by ceiling lift or self-transfer with or 
without a sliding board. Using the NHANES scanning method 
[55], knees were secured together with a large Velcro strap 
proximal to the knee joint to facilitate neutral leg position 
with great toes pointed upward. Whole-body posture was 
monitored for alignment, minimizing pelvic rotation or trunk 
shifting. In large individuals or in cervical SCI, arms were 
strapped near the body in the mid-prone position to ensure 
the total body is within the scanning field. The standard mode 
scan was used with a radiation dose of 0.4 μGy.

•	 Plasma Analytes

Levels of plasma analytes were assayed in blood plasma 
as previously described.[56] Briefly, subjects refrained 
from caffeine and alcohol intake for 24 h before testing. 
Antecubital venous blood samples were taken under sterile 
conditions in the post- absorptive state after an overnight 
(10-h) fast. Ten milliliters whole blood was drawn into 
ethylenediaminetetraacetic acid and gel and lysis activator 
tubes between 8:00 and 10:00 AM. Tubes were centrifuged at 
3000 rpm. for 30 min to isolate platelet poor plasma. Fasting 
glucose was measured by the hexokinase method with intra-
assay and inter-assay CVs are 1.9% and 2.7% respectively 
(Roche Diagnostics USA, Indianapolis, IN, USA; Cat 
# 05336163 190). Insulin was measured by a sandwich 
immunoassay method with electrochemiluminescence 
detection (Roche; Cat # 12017547122). Assays for TC, TG, 
and HDL-c were assayed by automated methods utilizing 
commercially available kits according to manufacturer’s 
instructions and run procedures [51]. Polyanion precipitation 
was undertaken before HDL-c assay to separate the apoB-
containing lipoproteins [57]. LDL-c was computed by 
the method of Friedewald.[58] For oral glucose tolerance 
test (OGTT), baseline blood samples were drawn after the 
overnight fast. Subjects were given TrutolTM glucose 
solution (Fisher Scientific, Walmath, MA, USA) that contains 
seventy-five (75) grams of glucose and instructed to complete 
ingestion within five (5) minutes. Post-ingestion, blood was 
collected at exactly 30-minute intervals for 2-hours.

•	 Insulin Resistance and Sensitivity

Hemoglobin A1c (HbA1c) was measured by immunoassay 
in hemolyzed whole blood utilizing an antibody that detects 
the glycation of the hemoglobin β-chain, with intra-assay and 
inter-assay CVs are 2.0% and 2.8% respectively (Roche; Cat 
# 05336163 190). The Homeostatic Model-2 Assessment 

(HOMA2-IR) was also computed, calculated as glucose (mg 
dl-1) x insulin (uIU l-l)/405 [59]. HOMA2-IR is a computer-
based model, derived from the original (HOMA) equation, 
which uses non-linear solutions to account for physiological 
variations not accounted for in the original equation (available 
from www.OCDEM.ox.ac.uk). Insulin sensitivity was 
estimated using the QUICKI formula as previously reported.
[60]

•	 Food Intake

Caloric intake was evaluated by using a 4-day food 
log[11], including both work week and weekend food 
consumption. The composition was analyzed using Food 
Processor II Windows v. 7.6 (ESHA Research, Salem, OR, 
USA).

•	 Upper Extremity Dynamic Strength (1-RM)

Dynamic strength was assessed on a Helms Equalizer 7000 
multi-station gym (Helms Distributing, Polson, MT, USA), 
using the same maneuvers adopted for training: horizontal 
row (HR), butterfly (BF), dip (DP), overhead press (OP), 
latissimus pulldown (LP), and pulley curls (PC). Participants 
were instructed to perform eight repetitions of each maneuver 
with each repetition lasting 6 s (3 s concentric, 3 s eccentric). 
If eight repetitions are completed in controlled fashion, the 
weight was increased, and the exercise repeated. Incremental 
increases in weight (2.5–5kg each) was added until more 
than three but less than eight controlled repetitions could be 
completed. The 1-RM was calculated from the submaximal 
resistance measure (weight in the last set) by the Mayhew 
regression equation[61] as we have previously reported[50, 
51]: 1-RM = Wt/(0.533+0.419e − 0.055 reps), where ‘1-RM’ 
is the calculated one-repetition maximum strength, ‘Wt” 
is the resistance used in the last set, where more than three 
repetitions but less than eight repetitions were completed, and 
‘reps’ equals the number of repetitions completed in the last 
set of testing. We calculated a sum score (SUM) to evaluate 
overall dynamic strength.

•	 Peak Oxygen Consumption (VO2peak)

VO2peak was determined via a maximal continuous graded 
exercise test on an arm crank ergometer (Monark Rehab 
Trainer 881E, Vansbro, Sweden). Subjects refrained from 
strenuous exercise 24 h before testing. Testing was conducted 
as previously described [62] using 10 W incremental 
workloads and 3-minute work stages. Expired gases were 
continuously analyzed by an open-circuit indirect calorimetry 
system (Encore Vmax229 with integrated EKG monitoring, 
Sensormedics, Inc., Conshohocken, PA, USA).

•	 Resting Energy (Caloric) Expenditure (REE)

Using the same open-circuit system described above for 
VO2peak, REE was calculated by indirect calorimetry: kcal 
min-1 = 4.92(V)/[20.93-FEO2/100], where the conversion 
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factor of 4.92 kcal l−1 of oxygen consumed was corrected 
for the fractional expired O2 at rest and low- intensity work. 
Food, ethanol, caffeine, and nicotine were restricted for 
8 h before assessment, which was conducted at least 18 h 
following moderate or intense exercise. Subjects underwent 
a 20 min rest before testing, sufficient to dissipate effects of 
low- intensity work. Measurement duration of 30 min with 
the first 5 min deleted and the remaining 5 min having a 
coefficient of variation o10% gives accurate readings of REE. 
REE comprises the majority (~70%) of total (daily) energy 
expenditure (TEE) and here we report and discuss calculated 
TEE extrapolated from measured calorimetric REE.

•	 Health Related Quality of Life (HRQoL)

HRQoL was assessed using the Shortform-36 (SF-
36) Health Questionnaire. In brief, the SF-36 is a self-
administered questionnaire that generates assessment scores 
across eight dimensions of health: physical function (PF), role 
limitations due to physical problems (RP), role limitations 
due to emotional problems (RE), vitality (VT), mental health 
(MH), social function (SF), bodily pain (BP), and general 
health (GH). The SF-36 dimensions are scored in two 
aggregate categories: Physical Component Summary (PCS) 
and Mental Component Summary (MCS), which represent 
the physical functioning and wellbeing, and emotional 
wellbeing, respectively.

•	 Data Analysis
Data were analyzed using GraphPad, Prism (v9.3.1) and 

R Studio (v1.4.1106). Descriptive statistics were calculated 
to identify measures of central tendency and variability for 
continuous outcome variables. A one-way repeated measures 
ANOVA, followed by Tukey’s multiple comparisons test, 
was performed to compare the effect of TLI over time on 
CMD risk factors, fitness variables, and health related quality 
of life.

Correlation analysis was performed to evaluate whether 
specific outcome measures have significant collinearity, 
quantified by the Pearson r correlation coefficient. Pairwise 
correlation coefficients between outcome variables are 
presented in a correlation matrix, and the value of the 

correlation range from -1 to +1, where +/-1 describes a perfect 
positive/negative correlation and 0 describes no correlation. 
R corrplot function was used to graph the correlation matrix 
(upper triangular). Positive correlations are displayed in 
blue and negative correlations in red, and color intensity is 
proportional to the correlation coefficients.

Linear regression analysis was performed to evaluate 
whether specific body mass and/or specific sub-scores of the 
HRQoL are significant predictors of the PCS and MCS scores 
of the HRQoL. Regression model statistics are summarized 
in the results and supplemental data.

A P-value of <.05 was used as the criterion for significance. 
All P-values <.05 are denoted in the figure legends, where 
number of asterisks indicate level of significance.

Results
We note that results shown herein are also provided as 

supplemental tables with additional details for variables and 
outcome measures.

Anthropometric and Tissue Composition Markers
Participant demographic characteristics are summarized 

in table 1. The TLI demonstrated a statistically significant 
effect for anthropometric measures including body mass  
[F = 12.62, p = 0.0033, R2 = 0.493] and BMI [F = 12.42,  
p = 0.0003, R2 = 0.49]. After 6-months of

TLI, body mass and BMI showed a significant reduction 
from baseline, and both measures remained lower than 
baseline at 12-month follow-up, although to not significant 
(figure 1). The TLI demonstrated statistically significant 
changes in tissue composition, including fat [F = 9.577,  
p = 0.006, R2 = 0.52] and lean mass [F = 13.36, p = 0.001, R2 
= 0.6]. Fat mass was significantly reduced, whereas lean mass 
was significantly increased after 6-months of TLI (figure 
2). The increase in lean mass was preserved at 12-month 
follow-up, although no longer significant compared to pre-
intervention. This sustained increase in lean mass may have 
contributed to the relatively higher body mass and BMI 
values observed at follow-up. Bone mineral density (BMD) 
and content (BMC) were also significantly increased after 
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6-months of TLI and remained non- significantly higher than 
baseline at 12-month follow-up (figure 2), suggesting that 
increased bone mass might have contributed to the overall 
increase in lean mass observed at these time points.

Diabetes Risk Factors and Glycemic Measures
The mean group value at baseline for fasting blood 

glucose (114.12 +/- 13.28 mg/dL) and glucose at 120 minutes 
(120-glu) after OGTT (199.3 +/- 65.66 mg/dL) both represent 
clinical diagnoses for prediabetes. After TLI, significant 
improvements were observed in fasting glucose [F = 41.93, 
p = 0.0001, R2 = 0.84] and 120-glu [F = 16.76, p = 0.002, R2 
= 0.68]. Significant reductions in fasted glucose and 120-glu 
were shown after 6-months of TLI and reflect improvement to 
within normal ranges, and both responses remained significant 
at 12-month follow-up (figure 3). Similarly, the baseline 
mean group values for fasting blood insulin (23.94 +/- 4.9 
µIU/mL) and insulin at 120 minutes (120-ins) after OGTT 
(91.68 +/- 11.96 µIU/mL) were at the higher end of generally 
adopted reference ranges. Again, TLI resulted in statistically 
significant changes for both fasting insulin [F = 26.73,  
p = 0.0001, R2 = 0.77] and 120-ins [F = 19.87, p = 0.0001,  
R2 = 0.71]. Both fasting insulin and 120-ins were significantly 
lower after 6- months of TLI and 12-month follow-up (figure 
3).

Figure 1. Comparison of body mass and BMI at pre-, 6-, and 
12-months post-TLI. Both significantly reduced at 6- months post-
TLI vs. pre-intervention. At 12-months post-TLI, both significantly 
increased from 6-months, no longer differing significantly from pre-
intervention. * p ≤ 0.05, *** p ≤ 0.001.

Figure 2. Comparison of fat and lean mass, total bone mineral 
density (BMD), and bone mineral content (BMC) pre-, 6-, and 
12-months post-TLI. Fat mass is significantly reduced, and lean 
mass is significantly increased at 6-months post-TLI vs. pre-
intervention. At 12-months post-TLI, fat mass increases and lean 
mass decreases from 6-months, no longer significantly different from 
pre-intervention. BMD and BMC significantly increase at 6-months 
post-TLI vs. pre-intervention. At 12-months post-TLI, BMD and 
BMC reduce from 6-months, no longer significantly different from 
pre-intervention. * p ≤ 0.05, ** p ≤ 0.01.

Figure 3. Comparison of fasted and 120-minute post-OGTT glucose 
and insulin pre-, 6-, and 12-months post-TLI. Fasting glucose and 
insulin significantly reduce at both 6- and 12-months post-TLI vs. 
pre-intervention. Insulin is significantly greater at 12-months vs. 
6-months post-TLI. 120-minute glucose and insulin significantly 
reduce at both 6- and 12-months post-TLI, with both significantly 
greater at 12-months vs. 6-month timepoint. * p ≤ 0.05, ** p ≤ 0.01, 
*** p ≤ 0.001.
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The baseline values for HbA1c (6.75 +/- 0.75) measuring 
average blood glucose levels, and for HOMA-ir (5.00 +/- 
2.72) measuring insulin resistance, were above the normal 
range, however, insulin sensitivity, as measured by ISI (2.188 
+/- 1.09), was within normal range.

Following TLI, significant changes were observed in 
HbA1c [F = 13.54, p = 0.0014, R2 = 0.66], HOMA-ir [F = 
11.12, p = 0.0013, R2 = 0.61], and ISI [F = 16.73, p = 0.0008, 
R2 = 0.71]. Both HbA1c and HOMA-ir were significantly 
reduced, and ISI was significantly increased after 6-months 
of TLI, with HbA1c and ISI changes remaining significant at 
the 12-month follow-up (figure 4).

Collectively, these findings demonstrate impaired glucose 
tolerance and insulin resistance at baseline, indicating the risk 
for developing diabetes. Notably, the TLI led to significant 
improvements in all glycemic measures, with some measures 
falling within normal (healthy) ranges.

Cardiovascular Risk Factors and Lipid Measures
At baseline, the group mean values for TC (219.1 +/- 

23.52), TG (153.3 +/- 37.98), and LDL-c (119.5 +/- 31.24) 
were all above the healthy cut-off levels, indicating higher-
than-desirable risk. Conversely, HDL-c (40.88 +/- 7.74) was 
close to the lower cut-off for elevated risk. Following TLI, 
significant improvements were observed for TC [F = 9.603,  
p = 0.0029, R2 = 0.58] and TG [F = 7.84, p = 0.024, R2 = 
0.53], where after 6-months, both measures were significantly 
reduced to values within the normal range. At 12-month 
follow-up, neither remained significantly improved, however, 
both measures remained within the healthy cut-off, showing 

sustained intervention benefits (figure 5). TLI also led to 
significant improvements in LDL-c [F = 7.755, p = 0.018, R2 
= 0.52] and HDL-c [F = 31.25, p = 0.0001, R2 = 0.82]. After 
6 months, LDL-c was significantly reduced but remained 
above reference scores. In contrast, HDL-c was significantly 
increased and within the optimal range, indicating a positive 
impact on cardiovascular risk.

Neither change showed sustained statistical improvement 
at the 12-month follow-up, however, were markedly improved 
from baseline (figure 5). These findings suggest that the TLI 
may play a vital role in promoting cardiovascular health and 
lowering the risk of all-cause cardiovascular diseases.

Fitness and Metabolic Measures
We assessed dynamic strength using the 1-RM for six 

upper extremity exercises: HR, BF, DP, OP, LP, and PC. TLI 
had a significant effect on the SUM [F = 20.86, p = 0.0001, 
R2 = 0.63]. After 6-months of TLI, there were significant 
improvements in 1-RM for all upper extremity exercises. At 
12-month follow-up, HR, BF, OP, LP, and PC still showed 
statistically significant improvements, whereas DP, did not 
(figure 6). Nevertheless, the group means for all exercises 
remained improved from baseline at 12-month follow-up. 
These findings show that TLI had a positive and lasting effect 
on upper extremity strength, with most exercises showing 
sustained improvements over the longer term.

We evaluated cardiorespiratory fitness using relative 
peak aerobic capacity (VO2peak) both pre- and post-TLI. 
The analysis revealed a significant effect of TLI on VO2peak  
[F = 6.97, p = 0.0053, R2 = 0.33], indicating a significant 

Figure 4. Comparison of diabetes markers (HbA1c, HOMA-ir, ISI) pre-, 6-, and 12-months post-TLI. HbA1c and HOMA-ir significantly 
reduce, and ISI significantly increases at 6-months post-TLI vs. pre-intervention. At 12-months post-TLI, HbA1c remains significantly 
reduced, but HOMA-ir is no longer significantly different from pre- intervention. ISI significantly reduces at 12-months vs. 6-months post-TLI, 
no longer significantly different from pre- intervention. * p ≤ 0.05, ** p ≤ 0.01.
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Figure 5. Comparison of CVD markers (TC, triglycerides, LDL-c, 
HDL-c) pre-, 6-, and 12-months post-TLI. TC, TG, and LDL-c 
significantly reduce, and HDL-c significantly increases at 6-months 
post-TLI vs. pre-intervention. At 12-months post-TLI, TC, TG and 
LDL-c all increase from the 6-month post-TLI timepoint, no longer 
significantly different from pre-intervention. HDL-c at 12-months is 
significantly reduced compared to the 6-month post-TLI timepoint 
and no longer significantly different from pre-intervention.  
* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001.

Figure 6. Comparison of dynamic strength (1-RM) for: Horizontal 
row (HR), butterfly (BF), dip (DP), overhead press (OP), latissimus 
pulldown (LP), pulley curl (PC), and SUM pre-, 6-, and 12-months 
post-TLI. 1-RM for all exercises and SUM significantly increases 
at 6-months post-TLI vs. pre-intervention. At 12-months post-TLI, 
BF, DP, LP, and SUM significantly reduce compared to the 6-month 
timepoint. BF, LP, and SUM remain statistically different from pre-
intervention, whereas DP does not. HR, OP, and PC are statistically 
unchanged at 6- and 12-months post-TLI. * p≤ 0.05, ** p ≤ 0.01, 
**** p ≤ 0.0001.

increase after 6-months of TLI. The power generated at 
VO2peak (VO2power) was also significantly impacted by TLI 
[F = 11.51, p = 0.0004, R2 = 0.45], showing significant 
improvement after the 6-months of TLI. Although neither 
VO2peak nor VO2power remained statistically significant 
at the 12-month follow-up, both values were increased 
from baseline (figure 7). These data indicate that TLI had a 
positive effect on cardiorespiratory fitness, and the sustained 
effects highlight the importance of TLI on maintaining and 
improving fitness over time.

Resting energy expenditure (REE) was used to assess 
daily metabolism before and after the TLI. The results 
showed a significant effect of TLI on REE [F = 21.51,  
p = 0.0001, R2 = 0.73], with REE significantly increasing 
after 6-months of LI. While REE remained greater than 
baseline at the 12-month follow-up, this difference was no 

longer statistically significant. To gain further insights into 
the underlying metabolic processes, we analyzed substrate 
utilization as components contributing to REE. TLI had 
a statistically significant effect on both carbohydrate (Cx)  
[F = 7.15, p = 0.017, R2 = 0.47] and fat (Fx) [F = 10.96,  
p = 0.0028, R2 = 0.58] oxidation.

Specifically, carbohydrate oxidation was significantly 
reduced, while fat oxidation was significantly increased 
after the 6-months of TLI. Moreover, fat oxidation remained 
significantly greater than baseline at the 12-month follow-up 
(figure 8). These data demonstrate that TLI had a positive 
impact on REE, and a shift in metabolic substrate utilization.

HRQoL Assessment
We used the SCI-validated SF-36 health questionnaire, 

including eight-dimensional assessment scores (PF, RP, RE, 
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did not maintain statistical significance. Importantly, the 
group means for all dimensions and composite scores were 
still greater than baseline at the 12-month follow-up, with the 
improvements in dimensions of MH, SF, BP, and the MCS 
remaining significant (figure 9). These results underscore the 
value of incorporating comprehensive TLI to enhance overall 
well-being.

Exploratory Analyses
We performed preliminary pairwise correlation analysis to 

identify relationships among outcomes across all timepoints 
(figure 10A). Notably, body mass, as our primary outcome, 
had a statistically significant positive correlation with 
HbA1c (r = 0.63) and HOMA-ir (r = 0.46), and a statistically 
significant inverse correlation with HDL-c (r = -0.55). We 
also performed linear regression analysis to evaluate whether 
body mass or specific sub-scores of HRQoL could predict 
PCS or MCS (figure 10B,). Models determined that PF, RP, 
VT, and BP were significant predictors of PCS, while RE, VT, 
MH, and SF were significant predictors of MCS. Although 
body mass did not have a significant relationship with either 
PCS or MCS, there was a notable inverse relationship with 
MCS, suggesting body mass as a negative predictor of MCS.

Discussion
This intervention study demonstrates effectiveness of a 

TLI adapted from the DPP on addressing cardiometabolic risks 
and improving overall health-related outcomes in individuals 
with chronic SCI. Notably, the intervention had a substantial 
effect on anthropometric measures, and improvements in 
body composition. The TLI showcased its effectiveness in 
addressing diabetes risk factors, cardiovascular risk factors 

Figure 7. Comparison of relative aerobic capacity (VO2 Peak) and 
power at VO2 Peak (VO2 Peak-P) pre-, 6-, and 12- months post-
TLI. VO2 Peak and VO2 Peak-P significantly increase at 6-months 
post-TLI vs. pre-intervention. Both are reduced at 12-months post-
TLI, compared to the 6-month timepoint, and no longer statistically 
different from pre- intervention. * p ≤ 0.05, *** p ≤ 0.001.

Figure 8. Comparison of total energy expenditure (TEE), carbohydrate (Cx), and fat (Fx) oxidation pre-, 6-, and 12- months post-TLI. TEE 
and Fx significantly increase, and Cx is significantly reduced, at 6-months post-TLI vs. pre- intervention. At 12-months post-TLI, TEE and Fx 
are reduce, and Cx increased compared to the 6-month and TEE and Cx are no longer statistically different from pre-intervention. * p ≤ 0.05, 
** p ≤ 0.01, *** p ≤ 0.001.

VT, MH, SF, BP, and GH), to evaluate health-related quality 
of life (HRQoL) pre- and post-TLI. The physical (PCS) and 
mental (MCS) composite scores were calculated from these 
dimensions to assess overall physical and mental well-being. 
Notably, the TLI had a statistical effect on both the PCS [F 
= 14.94, p = 0.0003, R2 = 0.63] and MCS [F = 24.09, p = 
0.0005, R2 = 0.73], with a significant impact of TLI on each 
of the eight-dimensional scores individually. Following 
6-months of TLI, significant improvements were shown in 
all eight dimensions, as well as the PCS and MCS. At the 
12-month follow-up, the dimensions of PF and VT, along 
with the PCS, remained significant improved. However, the 
dimensions of RP, RE, MH, BP, and GH, as well as the MCS, 



Bigford GE et al., J Spine Res Surg 2024
DOI:10.26502/fjsrs0070

Citation: Gregory E. Bigford, Doug A. Lehmann, Luisa F. Betancourt, Jennifer L. Maher, Armando J. Mendez, Mark S Nash. Modification of the 
Diabetes Prevention Program Lifestyle Intervention in Persons with Spinal Cord Injury: Efficacy for Reducing Major Cardiometabolic 
Risks, Increased Fitness, and Improved Health-Related Quality of Life. Journal of Spine Research and Surgery 6 (2024): 06-25

Volume 6 • Issue 1 15 

Figure 9. Comparison of Health-Related Quality of Life (HRQoL): physical functioning (PF), role limitation - physical (RP), role limitation 
- emotional (RE), vitality (energy/fatigue) (VT), mental health (emotional wellbeing) (VT), social functioning (SF), bodily pain (BP), 
general health (GH), physical composite score (PCS), and mental composite score (MCS) pre, 6-, and 12-months post- TLI. HRQoL sub-
scores, PCS, and MCS are significantly increased at 6-months post-TLI compared to the pre-intervention. 12- months post-TLI, MH, SF, 
BP, and MCS are significantly reduced compared to 6-month post-TLI, no longer different from pre- intervention, whereas PF, VT, and 
PCS remain significantly increased from pre-intervention. * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001, **** p ≤ 0.0001.
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Figure 10. Exploratory analysis: Correlation between major outcome variables and regression of HRQoL sub-scores and body mass on 
HRQoL composite scores. A. Upper triangular correlation matrix showing pairwise Pearson’s r correlation coefficients between variables. 
Statistically significant positive correlations are shown in blue and statistically significant negative correlations in red. Color intensity and 
size are proportional to Pearson’s r correlation coefficients, shown inset. The legend color spectrum shows the Pearson’s r correlation and the 
corresponding colors. B. Regression analysis graphs illustrate the effect size (ES) for each X (predictor) variable: physical functioning (PF), 
role limitation - physical (RP), role limitation - emotional (RE), vitality (energy/fatigue) (VT), mental health (emotional wellbeing) (VT), 
social functioning (SF), bodily pain (BP), general health (GH), and body mass on Y (outcome) variable: physical composite score (PCS), and 
mental composite score (MCS). Significant ES are shown in blue. p ≤ 0.05.

10B

10A
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and lipid profiles. The data also support salutary increases 
in metabolism and fat oxidation, as well as improvements in 
aerobic capacity and HRQoL. These major findings support 
the adoption of this or similar comprehensive intervention 
strategies to mitigate the multifaceted cardiometabolic 
challenges faced by individuals with SCI.

Several previous studies have emphasized the importance 
of weight management and body composition improvement in 
individuals with SCI [3,63-65]. Our main findings show that 
the TLI was successful in promoting favorable changes in body 
mass and BMI, reducing fat mass, and increasing lean mass. 
The TLI was designed to reach a target body mass reduction 
of 7% - as established by the DPP [44,45]. The significant 
mean loss in body mass after TLI was ~7.5%, achieving the 
benchmark of the a priori goal. Notwithstanding, the unique 
challenges that accompany SCI that can impact the ability 
to achieve this targeted weight loss goal. For example, with 
SCI, physical limitations, musculoskeletal complications, 
and altered metabolic responses to exercise and nutrition, 
can influence the capacity to lose body mass. Nevertheless, 
the reductions in mass achieved through the TLI, had 
accompanying significant impacts on metabolic health, 
insulin sensitivity, and cardiovascular risk factors. Altogether, 
the TLI's ability to achieve sustained improvements across 
a range of health markers, as demonstrated in this study, 
underscores its effectiveness irrespective of meeting the 
stringent 7% weight loss criterion.

The intervention's notable reductions in fasting and 
120-minute glucose levels, fasting insulin, and insulin 
resistance (HOMA-ir), alongside improvements in insulin 
sensitivity (ISI), underscore its potential to modulate glucose 
metabolism and lower the risk of type 2 diabetes in the SCI 
population. These findings align with the positive impact 
of comprehensive lifestyle interventions, exemplified by 
the TLI, on glycemic outcomes and diabetes risk reduction, 
consistent with their effects in the general population [66-68]. 
Furthermore, the observed reductions in total cholesterol, 
triglycerides, and improvements in HDL-c levels signify a 
significant reduction in cardiovascular risk post-intervention, 
crucial given the heightened cardiovascular disease risk 
associated with dyslipidemia in individuals with SCI [10,13-
15,18,69]. These lipid profile improvements are in line with 
outcomes from lifestyle interventions in diverse non-disabled 
populations that demonstrated similar positive changes in 
lipid profiles and cardiovascular risk factors [70-73]. Our 
initial correlation analysis reveals significant associations 
between fasting glucose and insulin, HbA1c, HOMA-ir (all 
positive), and ISI (negative). Notably, a significant inverse 
relationship between body mass and HDL-c was identified, 
and as discussed above, HDL-c is a distinct CMD risk factor 
in SCI. These findings emphasize the importance of targeting 
body mass as a key intervention focus to address a significant 
risk factor in the SCI population.

The study’s findings underscore the critical role of 
exercise in promoting metabolic adaptability and long-term 
cardiometabolic health in individuals with SCI. The CRT 
paradigm represents a moderate-to-intense workload sufficient 
to increase cardiorespiratory endurance and muscular strength, 
and importantly, relies on glycolytic metabolism and induces 
post- exercise lipid oxidation[50,51,74,75]. Our results 
extend these previously reported findings, demonstrating 
a significant increase in REE and a notable shift toward 
increased resting fat oxidation post-TLI, underscoring the 
potential of the exercise component of the TLI to influence 
metabolic pathways. The sustained elevation of fat oxidation 
at the 12-month follow-up further suggests a lasting effect 
of the TLI on metabolic substrate utilization. Notably, the 
CRT represents a necessary adaption from the DPP physical 
activity goal of ‘~150 min of moderate physical activities 
similar in intensity to brisk walking’, and accompanying 
‘~700 kcal/week energy expenditure’ [76]. The CRT is ~120-
135 min/week, exceeding SCI-specific activity guidelines 
[77], and nearing the DPP goal. However, meeting the DPP 
energy expenditure goal would require a substantially greater 
volume given the reduced rates of energy expenditure during 
CRT in persons with SCI[74,78]. Nonetheless, the reported 
energy cost of the CRT [74,78] is sufficient to improve the 
clinical lipid profile in SCI [51], and our results suggest it is 
an effective component of disease mitigating TLI.

The relationship between nutrition, metabolism, and human 
health are defined by a complex balance between energy intake 
and expenditure which directly affects body composition and 
metabolic health [79]. Adopting a Mediterranean-style diet, 
as implemented in this study, promote favorable metabolic 
profiles and reduce the risk of metabolic disorders [80]. The 
emphasis on monounsaturated fats, complex carbohydrates 
from whole grains, and high quality proteins from sources 
like fish and legumes, promotes a beneficial energy balance 
that supports efficient macronutrient metabolism [81]. The 
recommended “healthy fats” correlates with improved lipid 
profiles, reduced inflammation, contributing to a favorable 
metabolic milieu and enhanced cardiovascular health [82]. 
Given that reduced muscle mass and oxidative capacity 
in SCI may affect metabolic adaptations to exercise, such 
as energy expenditure and substrate utilization [4,83], we 
posit that the nutritional component of the TLI played an 
important role in the positive results we report. The adoption 
of a Mediterranean-style nutrition plan offers flexibility by 
allowing the intake of red meats, chicken, and fish alongside 
a diverse array of user-preferred vegetables.

The improvement in aerobic capacity (VO2peak) and the 
power generated at VO2peak (VO2power) following 6-months 
of the TLI, indicate enhanced cardiorespiratory fitness, 
which is strongly associated with reducing cardiovascular 
disease risk [84, 85]. Although not sustained at the 12-month 
follow-up, the initial improvements highlight the potential of 
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the intervention to positively impact aerobic fitness, which 
is crucial for overall health and functional independence 
in individuals with SCI. Of consequence are limitations to 
optimal physiological adaptations in SCI, which are important 
considerations when targeting aerobic fitness/improvements 
in the population. For example, autonomic dysfunction, 
and particularly disrupted cardiovascular regulation, affects 
heart rate response and cardiac output during exercise [86]. 
As well, impaired thermoregulation mechanisms can lead to 
overheating during exercise – especially at higher exercise 
intensities and ascending neurological injuries[87], which 
may result in reduced exercise tolerance and premature 
fatigue [88,89]. However, positive adaptations in these 
parameters are still observed under various training paradigms 
[86,87], and our results here support that TLI can result in 
similar improvements. Overall, the TLI was effective in 
improving aerobic fitness, and subsequently contributing to 
independence and health.

The TLI significantly enhances health-related quality of 
life (HRQoL), as indicated by improved physical and mental 
composite scores and various SF-36 health questionnaire 
dimensions, suggesting a comprehensive enhancement of 
well-being and overall functioning. These findings align with 
previous results from the DPP, demonstrating that engaging in 
regular physical activity and adopting healthier eating habits 
positively influences physical functioning, mental well-being, 
and overall HRQoL, contributing to participants' perceptions 
of health status, emotional well-being, and social functioning 
[66]. We attribute the improvements in HRQoL in this 
study, in part, to the behavioral component of the TLI, with 
a focus on education, problem- solving skills, and cognitive 
restructuring, modified from the DPP to address the specific 
needs of the SCI population. These strategies are closely 
tied to a sense of overall health and life satisfaction [90]. 
While not all dimensions maintain statistical significance at 
the 12-month follow-up, the sustained enhancements across 
multiple HRQoL measures highlight the TLI's potential to 
positively impact both psychosocial and physical aspects of 
individuals with SCI. The TLI notably impacted MCS, with a 
substantial increase (∆ +~13) at 6 months but a clear decline 
(∆ -~12) at the 12-month follow-up compared to baseline. 
Our exploratory analysis identified body mass as a significant 
predictor of MCS, making the 12-month decline unsurprising 
due to significant body mass regain between 6- and 12-months 
post-TLI. This underscores the motivating power of body 
mass and its significant impact on mental well-being.

Among the important findings of the intervention is the 
significant correlation between MCS and blood markers of 
disease, highlighting the interplay between psychological well-
being and physiological health outcomes. Extensive research 
acknowledges the bidirectional relationship between mental 
and physical health. Higher MCS scores have been linked 
to increased engagement in physical activity and adherence 

to dietary recommendations [91,92], impacting metabolic 
and cardiovascular health by influencing insulin sensitivity, 
lipid profiles, and inflammation [93,94]. Conversely, 
psychological distress, anxiety, and depression are associated 
with dysregulation of the hypothalamic-pituitary-adrenal 
axis, increased inflammation, and altered autonomic function, 
all of which can contribute to metabolic and CMS risks 
[95,96]. Regular physical activity, integral to metabolic and 
cardiovascular health, positively affects mood, anxiety, and 
depression through endorphin release and neurotransmitter 
balance improvements [97,98]. Exercise-induced release 
of neurotrophic factors also supports neuroplasticity and 
cognitive function, contributing to a positive mental state 
[99]. These findings underscore the significant impact of 
behavioral strategies on enhancing HRQoL in the context of 
CMD risk management in the SCI population. Given our data 
indicating specific sub-scores of HRQoL (RE, VT, MH, and 
SF) as significant positive predictors of MCS, future studies 
could delve deeper into these sub-scores to better understand 
the mechanisms underpinning their relationship with mental 
well-being.

Limitations
During the supervised 6-month TLI, study participants 

were challenged to maintain strict dietary adherence. This 
challenge highlights the need for considering the broader 
dietary context and exploring strategies to enhance dietary 
adherence beyond the structured intervention. One of the 
main limitations – as indicated by the recidivism observed 
in several outcome measures – is adherence to the TLI 
during the minimally supervised 6-month self-care extension 
phase. Maintenance of outcomes measures following the 
unsupervised phase may be unattainable within the scope of 
our study The study's transition from a controlled research 
environment to “less structured” community deployment 
carries inherent challenges. Disparate settings and 
individualized lifestyles could have influenced participants' 
adherence to the intervention components. As well, access 
to community-based exercise resources, social support 
networks, and environmental factors may have contributed 
to varying degrees of engagement, potentially affecting 
the overall outcomes observed. Further research should 
assess the optimal duration and frequency of the TLI and 
explore the long-term sustainability of the observed effects. 
Better understanding these outcomes, will facilitate refined 
intervention strategies, improved community engagement 
approaches, and innovative methodologies to enhance 
adherence and data collection accuracy. Future studies 
should target larger samples to confirm these findings and 
provide statistical power to better evaluate significance 
for all outcome measures. While our study leverages the 
foundational principles of the DPP, there are some notable 
contrasts in design and size. The DPP was a multicenter 
randomized controlled trial with a considerably larger 
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sample size compared to our study, a limitation in drawing 
conclusions as generalizable as the DPP, although our results 
are promising given their significance. The adaptation with 
CRT introduces a distinct component, but our results support 
its integration into TLI, and efficacy in improving health 
outcomes.

Conclusions
The results of this comprehensive study provide evidence 

for TLI integration into rehabilitation strategies for chronic 
SCI. The complex nature of SCI pathophysiology and 
addressing the adverse metabolic profile and increased CMD 
risks, requires a multimodal approach to rehabilitation. 
The TLI in this study targets multiple aspects of health 
and well- being, emphasizing physical activity, nutrition, 
stress management, and education. It further aligns with 
our current understanding of the multifactorial nature of 
CMDs. The TLI demonstrated significant and clinically 
relevant improvements across a wide range of health 
markers, including body composition, glucose metabolism, 
cardiovascular risk factors, aerobic capacity, and health-
related quality of life. Integrating this or similar TLI’s into 
rehabilitation strategies can provide an effective approach to 
mitigate the risk of cardiometabolic complications, enhance 
overall health outcomes, and ultimately improve the quality 
of life for individuals living with chronic SCI. Our study sets 
the groundwork for future research, serving as a foundation 
for more extensive trials to rigorously test the effectiveness 
of interventions informed by the insights gained in this 
investigation.
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Supplemental Table 1. Anthropometric and Tissue Composition at Baseline and after 6 and 12 month TLI.

Baseline 6 mo 12 mo
Body Mass (Kg),  mean +/- SD 88.34 +/- 25.4 81.65 +/- 23.44 84.78 +/- 23.98
BMI (Kg/m2),  mean +/- SD 28.6 +/- 6.44 26.44 +/- 5.99 27.44 +/- 6.12
fat (g), mean +/- SD 32486 +/- 13406 30213 +/- 12591 30713 +/- 12704
lean (g), mean +/- SD 53428 +/- 13312 56648 +/- 13480 54910 +/- 13490
BMD (g.cm2), mean +/- SD 1.029 +/- 0.08 1.065 +/- 0.07 1.051 +/- 0.075
BMC (g), mean +/- SD 2055 +/- 332 2230 +/- 332.5 2137 +/- 355.8

Time

Abbreviations: mo, months; BMI, body mass index; Kg, kilogram; m2, meters squared; g, gram; cm2, centimeter squared; SD, standard deviation; LOI, level of injury.

Baseline 6 mo 12 mo
Glucose-0 (mg.dl), mean +/- SD 114.12 +/- 13.28 93.56 +/- 10.89 98.78 +/- 11.52
Glucose-120 (mg.dl), mean +/- SD 199.3 +/- 65.66 123.8 +/-49.50 154.4 +/- 57.06
Insulin-0 (mg.dl), mean +/- SD 23.94 +/- 4.9 15.76 +/- 3.96 18.56 +/- 2.515
Insulin-120 (mg.dl), mean +/- SD 91.68 +/- 11.96 65.81 +/- 13.84 77.27 +/- 15.79
HbA1c (%), mean +/- SD 6.75 +/- 0.75 5.9 +/- 0.48 5.75 +/- 0.71
HOMA-ir (Index), mean +/- SD 5.00 +/- 2.72 2.56 +/- 1.59 3.5 +/- 2.24
ISI (Index), mean +/- SD 2.188 +/- 1.09 3.744 +/- 0.87 3.03 +/- 1.12
TC (mg.dl), mean +/- SD 219.1 +/- 23.52 174.3 +/- 33.74 201.6 +/- 38.89
TG (mg.dl), mean +/- SD 153.3 +/- 37.98 105.1 +/- 23.91 113.1 +/- 22.86
LDL-c (mg.dl), mean +/- SD 119.5 +/- 31.24 106.3 +/- 23.55 111.3 +/- 24.88
HDL-c (mg.dl), mean +/- SD 40.88 +/- 7.754 51.25 +/- 9.498 42.88 +/- 7.900

Time

Abbreviations: mo, months; mg, milligram; dl, deciliter; HBA1C, Hemoglobin A1C; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; ISI, Insulin 
Sensitivity Index;  SD, standard deviation; LOI, level of injury.

Supplemental Table 2. Biomarkers of Diabetes and Cardiovascular Disease Risk at Baseline and after 6 and 12 month TLI.

Supplemental Table 3. Mean Fitness and Metabolism Measures at Baseline and after 6 and 12 month TLI.

Baseline 6 mo 12 mo
Horizontal Row (kg), mean +/- SD 40.22 +/- 21.12 49.07 +/- 23.16 47.24 +/- 22.88
Butterfly (kg), mean +/- SD 41.26 +/- 24.26 52.62 +/- 27.11 48.91 +/- 25.02
Dip (kg), mean +/- SD 27.29 +/- 17.67 39.09 +/- 25.74 32.96 +/- 25.21
Overhead Press (kg), mean +/- SD 31.34 +/- 21.91 41 +/- 26.26 38.24 +/- 24.44
Lat Pulldowns (kg), mean +/- SD 43.38 +/- 21.9 52.7 +/- 24.7 49.06 +/- 22.8
Pulley Curls (kg), mean +/- SD 25.5 +/- 7.57 33.6 +/- 7.6 30.91 +/- 9.78
Sum (kg), mean +/- SD 208.7 +/- 110.8 265.9 +/- 129 236.7 +/- 126.2
Relative VO2Peak (ml.kg.min), mean +/- SD 11.72 +/- 5.758 14.60 +/- 8.416 12.48 +/- 7.015
VO2Peak Power (W), mean +/- SD 41.72 +/- 34.94 48.32 +/- 37.64 45.43 +/- 37.88
Kcal/Day, mean +/- SD 1517 +/- 318.4 1933 +/- 343.9 1496 +/- 274.5
Cx (%), mean +/- SD 56.80 +/- 27.15 30.81 +/- 19.64 37.37 +/- 15.95
Fx (%), mean +/- SD 41.00 +/- 27.50 65.01 +/- 19.11 60.71 +/- 16.15

Time

Abbreviations: kg, kilogram; VO2, volume of oxygen; l.min, liters per minute; ml.kg.min, milliliters per kilogram per minute, W, watts; REE, resting energy 
expenditure; Kcal, Kilocalorie; Cx, carbohydrate oxidation; Fx, fat oxidation; SD, standard deviation; LOI, level of injury.

Baseline 6 mo 12 mo
Physical Functioning (PF) 44 +/- 9.07 71.5 +/- 19.3 63.5 +/- 16.17
Role Limitation (Physical, RP) 41 +/- 20.66 78.5 +/- 13.55 70.5 +/- 20.47
Role Limitation (Emotional, RE) 66 +/- 9.66 89.5 +/- 7.25 78 +/- 19.75
Vitality (VT) 61 +/- 8.76 86 +/- 10.49 79 +/- 6.15
Mental Health (MH) 67.7 +/- 11.02 89.5 +/- 8.923 73.2 +/- 18.87
Social Functioning (SF) 61.5 +/- 11.32 84.5 +/- 8.9 65 +/- 16.67
Bodily Pain (BP) 67.1 +/- 20.77 81.5 +/- 15.99 75 +/- 16.16
General Health (GH) 65.2 +/- 16.61 82 +/- 14.18 76.5 +/- 9.44
Physical Composite Score (PCS) 37.89 +/- 5.46 46.55 +/- 4.55 46.32 +/- 5.15
Mental Composite Score (MCS) 44.08 +/- 11.93 57.55 +/- 7.46 45.57 +/- 12.71

Supplemental Table 4. Mean HRQoL Component Scores at Baseline and after 6 and 12 month TLI.
Time

Abbreviations: PCS, physical composite score; MCS, mental composite score  SD, standard deviation.

SUPPLEMENTARY FILES
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