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Body composition and metabolic parameters
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Objective: To study body composition, measures of insulin resistance and dyslipidemia in Indian men with
paraplegia as compared to age and body mass index (BMI) matched able-bodied men.
Design: Cross sectional study
Setting: Departments of Physical Medicine and Rehabilitation and Endocrinology
Participants: Males aged 18–45 years with chronic traumatic paraplegia versus age and BMI-matched able-
bodied men
Interventions: None
Main outcome measures: Measures of body composition such as total body fat, lean mass, regional adiposity
using dual energy x-ray absorptiometry (DXA), metabolic profile and insulin resistance
Results: Subjects with paraplegia (n = 43), compared to controls (n = 36), had higher %Fat mass (FM) (25.5
(21.2–28.9) vs 20.2 (15.9–22.2); P < 0.01), lower trunk to leg ratio (0.66 (0.51–0.73) vs 0.87 (0.72–0.94); P <
0.01), lower lean mass index (14.38 (2.57) vs 17.80 (2.34); P < 0.01) and lower appendicular lean mass
index (5.81 ± 1.26 vs 8.17 ± 1.12; P < 0.01). Fasting blood glucose (mg/dl) was higher (89.0(81.5–96.5) vs
80.0 (74.5–88.2); P < 0.01), Homeostasis model assessment of insulin resistance was higher (1.33
(1.03–2.12) vs 0.94 (0.52–1.78); P = 0.02), Quantitative insulin sensitivity check index (QUICKI) was lower
(0.36 ± 0.04 vs 0.38 ± 0.05; P = 0.02) and HDL-C was lower (33.00 (30.00–42.75) vs 38.50 (33.00–43.25);
P < 0.02) in cases compared to controls. QUICKI correlated positively with HDL-C and negatively with %FM,
estimated VAT volume and TG. Trunk to leg ratio correlated positively with TG even after controlling for %FM.
Conclusion: Men with chronic paraplegia had lower lean mass, higher total and regional fat mass, increased
insulin resistance and low HDL-C when compared with BMI-matched able-bodied controls. Both total and
regional adiposity correlated with poor metabolic profile.
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Introduction
Traumatic spinal cord injury (SCI) impacts predomi-
nantly young adults resulting in significant individual
and societal costs. Prevalence of obesity increases
after SCI with a consequent deterioration in metabolic
parameters.1 Body mass index (BMI), a widely used
tool for measuring obesity, has been shown to underes-
timate the percent fat mass in subjects with SCI.2 Some

studies have recommended the use of lower BMI cutoffs
to better define obesity in this population.3,4 However,
since there are no well-defined validated BMI cutoffs in
subjects with SCI, and since BMI does not reflect
changes in regional adiposity, body composition is a
better marker of obesity and metabolic risk in this
population.5

Measurement of body weight embodies both fat mass
and fat-free mass (or for practical terms, lean body
mass) and cannot assess the two components separ-
ately. However, assessment of body composition by
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dual-energy x-ray absorptiometry (DXA) allows for
measurement of amount and distribution of the two
components.
The immediate and profound skeletal muscle atrophy

that follows SCI results in a decrease in lean mass below
the level of injury.6 Studies have demonstrated lower
fat-free mass and higher fat mass post SCI in compari-
son to able-bodied individuals in spite of similar BMIs.7

This decline in lean mass correlates inversely with age
and duration of injury and depends on the level and
completeness of injury.8 A more complete and a
higher level of injury causes a greater decline in lean
mass. Subjects with tetraplegia have a reduced lean
mass in the upper limbs compared to those with para-
plegia.5 The loss of metabolically active muscle mass
combined with physical inactivity due to the disability
decreases the basal metabolic rate and total energy
expenditure resulting in obesity.9

Studies demonstrate an increase not only in whole-
body fat mass but also in regional fat mass.8 Trunk
and leg fat mass were found to be greater in subjects
with SCI when compared to controls.10 Measures of
central adiposity like visceral adipose tissue mass was
found to be higher in subjects with SCI as compared
to able-bodied individuals even after controlling for
waist circumference.11

The decrease in lean mass and increase in fat mass
predisposes individuals with SCI to dysglycemia, dysli-
pidemia and cardiovascular disease.12,13 The loss in
muscle mass was found to be associated with reduced
whole-body insulin-mediated glucose utilization.14

The increase in whole body and regional adiposity has
been shown to correlate positively with liver adiposity,
insulin resistance and triglyceride levels and inversely
with high-density lipoprotein cholesterol (HDL-C)
levels.15,16 While many studies support the above
associations, a systematic review by Wilt et al. did not
suggest an increased metabolic risk in subjects with
SCI.17

Ethnic differences in BMI and its correlation with
body fat in able-bodied individuals are widely acknowl-
edged.18–20 In a series of comparative studies,
Deurenberg et al. demonstrated that Asians have a
higher percentage of body fat at a given BMI compared
to Caucasians.21,22 Rush EC et al. demonstrated that
Asian Indians have more fat, altered fat distribution
(predominantly abdominal) with less lean mass and
bone mineral content compared to Europeans and
Polynesians.19 These differences in body composition
contribute to increased insulin resistance and greater
prevalence of metabolic syndrome among Asians par-
ticularly Indians.18 These ethnic differences in body

composition are believed to be due to differences in
genes, intra-uterine environment and physical activity
and dietary patterns.20 High protein diet and exercise
program has been shown to improve insulin resistance
in individuals post SCI.23

In view of these differences in body composition in
able-bodied individuals between Caucasians and
Indians, we hypothesized that the changes induced by
paraplegia in Indians may not mirror that seen in the
Caucasians. Only two Indian studies exist which
looked at body composition or metabolic parameters
in subjects with SCI. Tharion et al.24 studied 48 subjects
with chronic SCI and found them to have low HDL-C
and high blood glucose while Singh R et al.25 studied
subjects with acute SCI and found a decrease in lean
mass and increase in adiposity during the first year
post injury. However, none of these studies had a
control group. The aim of the present study is to
examine body composition, measures of insulin resist-
ance and lipid profile in paraplegic men one to three
years following a traumatic spinal cord injury and to
compare these parameters with age, and BMI-
matched able-bodied men. We also tried to examine
the correlation between body composition and meta-
bolic indices.

Methods
Subjects
The study was a cross sectional observational study
done at a tertiary care center in Southern India.
Subjects with chronic traumatic paraplegia who
attended the department of Physical Medicine and
Rehabilitation (PMR) were recruited from April 2016
to May 2019 into the study. Consecutive men aged
18–45 years with traumatic paraplegia between 1 and
3 years post injury were recruited. All men had motor
complete injury with neurological level between T2
and L1 and belonged to American Spinal Cord Injury
Association (ASIA) impairment scale A or B.26

Patients on drugs which are known to affect bone
mineral metabolism, those with renal failure, severe
infections, history of malabsorption, patients on treat-
ment for osteoporosis like calcium, vitamin D and
bisphosphonates, patients who have psychiatric illness
or not capable or willing to give informed consent
and patients in whom DXA scan is not possible due
to deformities were excluded from the study. Age, and
BMI-matched able-bodied men were taken as controls.
They were recruited from the local community network.
All study subjects signed Informed consent.
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Clinical examination and anthropometric
measures
The study was approved by the institutional review
board. Patients who gave informed consent and fulfilled
the inclusion criteria were recruited for the study.
Subjects with paraplegia were classified into ASIA
grade A or B. ASIA grade A were those with no
sensory or motor function preserved in the sacral seg-
ments S4–S5 while ASIA grade B were those with
sensory but no motor function below the level of
injury (including sacral segments S4–S5). Modified
Ashworth Scale (MAS)27 was used to grade the level
of spasticity in these subjects based on which they
were divided into MAS category 1 who had a score
less than 2 (nil to slight increase in muscle spasticity
in the paralyzed lower limbs) and MAS category 2
who had a score greater than or equal to 2 (more
marked to severe muscle spasticity in the paralyzed
lower limbs). Bodyweight was measured using an elec-
tronic scale (range 400 g to 200 kg) to the nearest
0.1 kg. Since the majority of patients could not ambu-
late, recumbent length was measured to the nearest
0.1 cm. BMI was subsequently calculated as weight/
length2 (kg/m2). Waist circumference was measured
midway between lower costal margin and anterior
superior iliac spine with the patient in supine position
using a stretch-resistant tape.

Assessment of body composition
Body composition was assessed by DXA scan (Hologic
QDR 4500 Discovery A; Hologic, Bedford, MA). The
scans were performed by a single technician and the
coefficient of variance (%CV) for the measures of
body composition were <3%. Parameters of body com-
position that were analyzed included percent total body
fat (%FM), fat mass index (FMI) (fat mass/height2)
(kg/m2), percent trunk fat to percent leg fat ratio (%
trunk fat/% leg fat), estimated visceral adipose tissue
volume (VAT volume) (cm3), lean mass index (LMI)
(lean mass/height2)(kg/m2) and appendicular lean
mass index (ALMI) (appendicular lean mass/height2)
(kg/m2).

Biochemical parameters
Samples were collected after a 12 h overnight fast for
plasma glucose, serum insulin and serum lipid profile.
Fasting plasma glucose was measured by hexokinase
method using an automated glucose analyzer and
serum insulin was measured by chemiluminiscent
immunoassay. Homeostatic model assessment of
insulin resistance (HOMA-IR) and Quantitative
insulin sensitivity check index (QUICKI) was

calculated from the above two parameters as per the
formulas given by Matthews et al.28 and Katz et al.,29

respectively. Total cholesterol (TC), High-density lipo-
protein cholesterol (HDL-C) and triglycerides (TG)
were estimated by colorimetric method using an auto-
mated chemistry analyzer and low-density lipoprotein
cholesterol (LDL-C) was calculated using Friedwald’s
formula LDL-C = TC – HDL-C – (TG/5).30

Statistical analysis
Continuous variables were expressed as mean and stan-
dard deviation or median and interquartile range (IQR)
while categorical variables were expressed as ratios or
percentages. Independent t-test and Mann–Whitney U
test were used to compare parametric data and non-
parametric data, respectively. Chi-square test was used
for categorical variables. Pearson’s correlation was per-
formed between measures of body composition and
metabolic indices. A post hoc subgroup analysis by
MAS category was done on the outcome measures of
body composition and insulin resistance. A P value of
less than 0.05 was taken as significant. Statistical analy-
sis was performed by Statistical Package of Social
Sciences (SPSS) version 25.0.

Results
Baseline characteristics
A total of 43 men with chronic traumatic paraplegia
and 36 age, and BMI-matched able-bodied men were

Table 1 Baseline characteristics of subjects with paraplegia
and able bodied controls.

Variable
Paraplegia
(N = 43)

Able bodied
controls
(N = 36)

P
value

Age (years) 30.91 (6.5) 32.36 (4.9) 0.27
BMI (kg/m2) 21.2 (4.4) 22.7 (3.3) 0.08
Waist circumference
(cm)

84.50
(70.75–90.00)

92.50 (88.00
–96.00)

<0.01

Time since injury
(months)

27 (18–39) – –

Time since ambulation
(months)

6.5 (2–12.5) – –

ASIA category, n/N
A B

36/43
7/43

– –

Neurological level, n/N
Thoracic T3-T9
Thoracic T10-T12
Lumbar

17/43
24/43
2/43

– –

Modified Ashworth
score (MAS) Category,
n/N
1 (MAS score <2)
2 (MAS score ≥ 2)

34/43
9/43

– –

Note: Values in Mean (SD) or Median (IQR). ASIA – American
Spinal cord Injury Association Impairment Scale.
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recruited for the study. The baseline characteristics of
the study and control subjects are depicted in Table 1.
The majority of subjects with paraplegia belonged to
ASIA category A, MAS category 1 and had a thoracic
spinal level of injury. Age and BMI were similar
between the groups but subjects with paraplegia had a
lower waist circumference (84.50 cm (70.75 cm –

90 cm)) compared to able-bodied controls 92.50 cm
(88 cm – 96 cm)(P < 0.01). 72% of the patients were
wheelchair bound while the remaining could ambulate
with the help of Knee Ankle Foot Orthrosis (KAFO)
plus either elbow crutches or walker.

Body composition parameters between subjects
with paraplegia and able-bodied controls
%FM though not FMI was significantly greater in sub-
jects with paraplegia (25.5 (21.2–28.9)) vs (20.2 (15.9–
22.2); P < 0.01). Regional adiposity was also increased
as evidenced by lower %trunk/%leg fat as compared to
able-bodied controls (0.66 (0.51–0.73) vs 0.87 (0.72–
0.94); P < 0.01). Estimated VAT volume (cm3) was not
significantly different between the two groups (370
(259–428) vs 320(255–399); P = 0.33). LMI and
ALMI was lower in subjects with paraplegia compared
to controls (LMI (kg/m2): 14.38 (2.57) vs 17.80 (2.34);
P < 0.01; ALMI (kg/m2): 5.81 (1.26) vs 8.17 (1.12);
P < 0.01) (Table 2).

Metabolic indices between subjects with
paraplegia and able-bodied controls
Fasting blood glucose, measures of insulin resistance
and lipid profile were assessed in 33 subjects with para-
plegia and 34 able-bodied controls. Median fasting
blood glucose (mg/dl) were significantly higher in sub-
jects with paraplegia 89.0 (81.5–96.5) vs 80.0 ((74.5–

88.2); P < 0.01). HOMA-IR was significantly higher
(1.33 (1.03–2.12) vs 0.94 (0.52–1.78); P = 0.02) while
QUICKI was lower in subjects with paraplegia as com-
pared to controls (0.36 (0.04) vs 0.38 (0.05); P = 0.02).
Lipid profile was similar between the two groups
except for a significantly lower HDL Cholesterol
(mg/dl) in the paraplegia group (33.00(30.00–42.75)
vs 38.50(33.00–43.25); P = 0.04) (Table 3).
Subgroup analysis of measures of body composition

and metabolic indices by MAS category LMI and
ALMI were significantly higher in the subgroup with
greater muscle spasticity (MAS category 2) (LMI (kg/
m2): 16.07 (1.86) vs 13.93 (2.56); P = 0.01; ALMI
(kg/m2): 6.69 (1.11) vs 5.58 (1.20); P = 0.02).
Measures of adiposity and metabolic indices did not
differ between the two groups (Table 4).

Correlation between measures of body
composition and metabolic indices
QUICKI correlated negatively with measures of adi-
posity like %FM (Pearson’s r = −0.38; P < 0.01),
FMI (r = −0.30; P = 0.02) and estimated VAT
volume (r = −0.26; P = 0.04) but not with %trunk/%
leg fat. There was a significant positive correlation of
QUICKI with HDL-Cholesterol (r = 0.26; P = 0.05)
and negative correlation with TG (r = −0.35; P <
0.01) (Figure 1). No significant correlation between
QUICKI and LMI or ALMI was found (PFIG = 0.26).
Measures of regional adiposity like %trunk/%leg fat

correlated positively with ALMI (r = 0.63; P < 0.01)
and TG (r = 0.37; P < 0.01) (Figure 2). On partial cor-
relations, the correlation between %trunk/%leg fat with

Table 2 Body composition parameters between subjects
with paraplegia and able bodied controls.

Variable
Paraplegia
(n = 43)

Able bodied
controls (n = 36)

P
value

Lean mass index
(kg/m2)

14.38 (2.57) 17.80 (2.34) <0.01

Appendicular
lean mass index
(kg/m2)

5.81 (1.26) 8.17 (1.12) <0.01

Total body fat % 25.5 (21.2–28.9) 20.2 (15.9–22.2) <0.01
Fat mass/
height2 (kg/m2)

5.18 (3.47–6.59) 4.95 (3.06–5.66) 0.08

%Trunk fat/%leg
fat

0.66 (0.51–0.73) 0.87 (0.72–0.94) <0.01

Estimated
visceral adipose
tissue volume
(cm3)

370 (259–428) 320 (255–399) 0.33

Note: Values in Mean (SD) or Median (IQR).

Table 3 Metabolic indices between subjects with paraplegia
and able bodied controls.

Variable
Paraplegia
(n = 33)

Able bodied
Controls (n = 34)

P
value

Fasting blood
glucose (mg/dl)

89.0
(81.5–96.5)

80.0 (74.5–88.2) <0.01

Fasting Insulin
(mU/dl)

5.90
(4.65–9.10)

4.75 (2.60–8.15) 0.20

HOMA-IR 1.33
(1.03–2.12)

0.94 (0.52–1.78) 0.02

QUICKI 0.36 (0.04) 0.38 (0.05) 0.02
Total cholesterol
(mg/dl)

164.12 (44.0) 170.05 (36.35) 0.55

Triglycerides
(mg/dl)

99.50
(82.50–165.50)

110.00
(72.75–158.00)

0.63

HDL-Cholesterol
(mg/dl)

33.00
(30.00–42.75)

38.50
(33.00–43.25)

0.04

LDL-Cholesterol
(mg/dl)

109.90 (33.88) 112.88 (31.04) 0.71

Note: Values in Mean (SD) or Median (IQR). HOMA-IR –

Homeostatic model assessment of insulin resistance; QUICKI –
Quantitative insulin sensitivity check index.
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Table 4 Subgroup analysis of measures of body composition andmetabolic indices by Modified Ashworth Score (MAS) category.

Variable MAS Category 1 (n = 34) MAS Category 2 (n = 9) P value

Lean Mass index (kg/m2) 13.93 (2.56) 16.07 (1.86) 0.01
Appendicular lean mass index (kg/m2) 5.58 (1.2) 6.69 (1.11) 0.02
% Total body fat 24.70 (21.12–28.20) 28.90 (21.65–30.70) 0.28
%Trunk fat/%leg fat 0.63 (0.50–0.71) 0.73 (0.60–0.80) 0.13
QUICKI 0.35 (0.03) 0.36 (0.02) 0.60
HOMAIR 1.33 (1.06–2.14) 1.31 (0.99–2.34) 0.57
HDL-Cholesterol (mg/dl) 33.00 (30.00–43.50) 33.00 (29.00–35.00) 0.47
Triglyceride (mg/dl) 98.00 (83.00–154.50) 135.00 (81.00–197.00) 0.50

Note: Values in Mean (SD) or Median (IQR). HOMA-IR – Homeostatic model assessment of insulin resistance; QUICKI – Quantitative
insulin sensitivity check index.

Figure 1 Scatter plots depicting correlation graphs between QUICKI and total body fat (A), estimated VAT volume (kg) (B),
Triglyceride (C) and HDL Cholesterol (D).

Figure 2 Scatter plots depicting correlation graphs between Triglyceride levels and %trunk/%leg fat ratio (A) and estimated VAT
volume (kg) (B).
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TG remained significant even after controlling for %
total body fat mass (r = 0.40, P < 0.01). Estimated
VAT volume also correlated positively with TG (r =
0.38; P < 0.01) (Figure 2).

Discussion
This is the first Indian study to comprehensively
examine body composition and metabolic profile in
the cohort of men with paraplegia. Our study demon-
strated that in spite of similar BMIs, subjects with para-
plegia had lower lean body mass indices, higher fat
mass indices and a poorer metabolic profile when com-
pared to able-bodied individuals.
The definition and cutoffs of obesity and sarcopenia

in SCI are poorly defined across literature. The recent
review by Silveira et al.31 concludes that neither the
BMI, nor waist circumference nor the current body
composition cutoffs are validated in SCI population
and all the existing cutoffs are defined for able-bodied
individuals. For this reason, we have not attempted to
classify subjects with SCI as obese or non-obese using
a body composition measure cut off, rather presented
a continuous measure in comparison with able-bodied
individuals.
Our subjects with paraplegia had a lower waist cir-

cumference when compared to BMI matched able-
bodied controls but higher adiposity, lower lean mass
parameters on body composition and higher insulin
resistance. This suggests that both BMI and waist cir-
cumference are poor markers of metabolic risk in SCI
population.
Our study demonstrated lower total lean mass and

appendicular lean mass indices in paraplegia group as
did many other studies in literature.6,10,32 In our
study, comparison between the MAS categories in sub-
jects with paraplegia showed that the subgroup with
higher spasticity had higher lean mass suggesting that
spasticity protected against skeletal muscle atrophy.
Studies by Gorgey et al. also concluded that spasticity
defended against skeletal muscle deterioration follow-
ing SCI.33,34

Subjects with paraplegia in our study had a higher
fasting blood glucose, higher HOMA-IR and lower
QUICKI index as compared to controls. High rates of
type 2 diabetes mellitus and fasting hyperglycemia
have been previously reported in literature.24,35 In a pre-
vious study done in South India at our center, Tharion
et al. found that fasting hyperglycemia was present in
19% and glucose intolerance was present in 23% of sub-
jects with SCI.24 In contrast, studies by Bauman et al.36

and Li et al.37 reported normal fasting glucose but
impaired glucose tolerance on an oral glucose tolerance

test and have suggested an extrahepatic (likely skeletal
muscle) source of insulin resistance.
We found lower HDL-C in our study subjects when

compared to able-bodied controls with other lipid par-
ameters not being different. A low HDL-C has been
consistently demonstrated in various studies.16,24,38

While other studies also show an increase in triglyceride
and total cholesterol levels,16,38 both our study and the
study by Tharion et al.24 did not find significant differ-
ence in other lipid parameters. Meshkini M et al.
studied ethnic variations in lipid parameters in able-
bodied individuals and found that despite a lower
BMI and waist circumference, Indians had a lower
HDL-C compared to Europeans.39 HDL-C correlated
with truncal adiposity measures and a linear regression
model including age, sex, waist circumference, truncal
fat percentage and ethnicity explained 53.5% of the
variability in HDL-C. On the other hand, dietary
intake of fat but not ethnicity was a significant predic-
tor of LDL-C. Genetic and dietary factors were hypoth-
esized to play a role in the ethnic differences in lipid
profile.
On correlation analysis, we found that QUICKI cor-

related with measures of whole-body adiposity but not
with lean mass indices. QUICKI also correlated posi-
tively with triglyceride levels and negatively with
HDL-C levels. This finding is expected as QUICKI is
a marker of liver insulin resistance and hence would
correlate with adiposity markers and triglyceride
levels.40 The loss of skeletal muscle mass post SCI has
been shown to cause decreased peripheral glucose util-
ization and contributes to lowered peripheral insulin
sensitivity 14 which was not measured in our study.
In our study, estimated VAT volume and % trunk/%

leg mass correlated positively with triglyceride levels.
The latter correlation remained significant even after
controlling for whole-body fat mass. Gorgey et al. simi-
larly demonstrated that in subjects with SCI regional
adiposity contributes directly to the altered metabolic
profile.15

Our study is only one among a few studies from India
24,25 examining the body composition and metabolic
parameters in the population with SCI. We have also
tried to demonstrate a correlation between body com-
position indices and measures of insulin resistance.

Study limitations
Our pilot study has the limitation of having a cross sec-
tional, observational design and small sample size. An
oral or intravenous glucose tolerance test would be
better able to define the dynamics of glucose handling
in this population. Visceral adipose tissue was estimated
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from DXA measures though a Magnetic resonance
imaging would be ideal. A detailed dietary history
would have given greater insight into factors influencing
changes in body composition and metabolic outcomes.

Conclusion
Our study in Indian men with chronic paraplegia in
comparison to age, and BMI matched able-bodied
men demonstrates increased adiposity and decreased
lean mass on body composition analysis. The adiposity
measures correlated with the worse metabolic profile
seen in this group. Body composition rather than
BMI is a better way to define adiposity and sarcopenia
in this population though well-validated cutoffs are yet
to be established.
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