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Lowering body mass index cutoffs better identifies obese persons
with spinal cord injury

GE Laughton1, AC Buchholz1, KA Martin Ginis2 and RE Goy1, The SHAPE SCI Research Group

1Department of Family Relations and Applied Human Nutrition, University of Guelph, Guelph, Ontario, Canada and 2Department
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Study design: Cross-sectional, non-experimental design.
Objectives: (1) Determine the sensitivity and specificity of the general population body mass index
(BMI) cutoff for obesity (30 kgm�2) in a representative sample of persons with spinal cord injury (SCI);
(2) develop a more sensitive BMI cutoff for obesity based on percentage of fat mass (%FM) and
C-reactive protein (CRP).
Setting: Ontario, Canada.
Methods: A total of 77 community-dwelling adults with chronic SCI underwent anthropometric
measures (%FM by bioelectrical impedance analysis, length, weight, BMI (kgm�2)) and provided blood
samples to determine CRP. Sensitivity and specificity analyses, piecewise regression, non-linear
regression, and receiver–operator characteristic curves were used to determine new BMI cutoffs.
Results: A BMI cutoff of 30 kgm�2 failed to identify 73.9% of obese participants vs 26.1% at a
lowered cutoff of 25 kgm�2. BMI cutoffs based on risk levels of the %FM and CRP considered together
ranged from 22.1 kgm�2–26.5 kgm�2.
Conclusions: People with chronic SCI and BMI values 422 kgm�2 should be considered as being at
high risk for obesity and obesity-related chronic diseases.
Sponsorship: Canadian Institutes of Health Research.
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Introduction

Traumatic spinal cord injury (SCI) results from incidents

causing acute SCI, most commonly motor vehicle

mishaps, and affects 20 000 North Americans each year.1,2

On account of advances in acute medical care, the

primary causes of mortality after an SCI have shifted from

urogenital diseases2 to respiratory and cardiovascular dis-

eases (CVDs). Both of these diseases are commonly asso-

ciated with obesity, and their prevalence in the SCI

population surpasses the prevalence rates in the able-bodied

population.3

On account of its ease of use and low cost, body mass

index (BMI; weight (kg)/height (m2)) is the most common

screening tool in able-bodied populations to identify those

who are obese and at risk for obesity-related chronic disease.4

The World Health Organization has identified a BMI of

30 kgm�2 as the cutoff above which able-bodied people are

considered obese and at risk for chronic diseases such as

CVD. Despite being developed in the able-bodied popula-

tion, BMI is often applied to those with SCI, both clinically

and in research studies. Mean BMI in studies of people with

SCI ranges from 23.1 to 25.7 kgm�2,5–8 whereas the percen-

tage of fat mass (%FM) in these same samples ranges from

27.5 to 36.3%, consistent with obesity fat mass (FM) values.9

This suggests that BMI underestimates obesity, leading to a

failure in the identification of persons with SCI who are truly

obese by the %FM.

Low-grade inflammation, characterized by elevated

C-reactive protein (CRP), is indicative of the inflammation

associated with CVD,10 and has been included in other

algorithms to estimate risk.11 The development of new BMI

cutoffs to identify obese persons with SCI, and which are

based on the measured %FM and biological variables, such as

CRP, would allow clinicians to intervene earlier in the hopes

of reducing obesity-related morbidity and mortality in this

population. With these issues in mind, our objectives were to

(1) determine sensitivity of the current BMI obesity cutoff of

30 kgm�2 in a representative sample of persons with chronic

SCI; (2) develop a more sensitive obesity BMI classification

system based on measured percent body fat and the novel

biological marker, CRP.
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Materials and methods

Participants

The Study of Health and Activity in People with Spinal Cord

Injury (SHAPE SCI) is an observational cohort study of

physical activity and health of community-dwelling adults

with chronic, traumatic, SCI in Ontario, Canada. Methods

for SHAPE SCI have been published.12 Data for the current

study were drawn from the SHAPE SCI substudy, the purpose

of which was to examine risk factors for, and the presence of,

chronic disease. Participants were men and women X18

years, X1-year post-traumatic SCI, and who lived within

200 km of McMaster University.

The Research Ethics Boards of Hamilton Health Sciences

and University of Guelph approved the protocol. Written,

informed consent was obtained from each participant before

participation. Substudy participants were given a nominal

honorarium.

Methods

Demographic information including age, sex, ethnicity,

location and level of lesion, and family and personal medical

histories, was collected from each participant by trained

interviewers using a structured questionnaire during a home

visit. Weight was taken with participants wearing light

clothing, to the nearest 0.1 kg using a portable, digital

wheelchair scale (Health O Meter 2450KL, Brooklyn, NY,

USA). The weight of the wheelchair was subtracted from the

weight of the participant sitting on the wheelchair. Partici-

pants then transferred to a length board (National Lifesaving

Society item EQ-10, Edmonton, AB, Canada) positioned on a

bed. Participants’ legs were straightened, heads positioned in

the Frankfurt plane, and feet placed in dorsal flexion. Length

was determined using an elastic tape measure, measuring

segmentally from heel to knee, knee to hip and hip to head.

Body composition was measured using whole-body bioelec-

trical impedance analysis (RJL Systems Bioelectrical Body

Composition Analyzer Quantum II, Clinton Twp., MI, USA)

and the electrode placement of Lukaski et al.13 Participants

were asked to fast for 12h, avoid alcohol and exercise for 24h

before testing and void bladders and catheters 30min before

testing. Total body water (TBW) was determined as follows:14

Men: TBW (in l)¼1.20þ0.45 stature2/resistance

þ0.18 weight (1)

Women: TBW (in l)¼3.75þ0.45 stature2/resistance

þ0.11 weight (2)

where weight is in kg, stature is in cm and resistance is in

ohms. TBW was divided by 0.732, the lean tissue hydration

constant15 to determine fat-free mass. FM was calculated as

body weight (kg)–fat-free mass (kg). The coefficient of

variation of duplicate resistance values, performed on five

participants, was 0.22%.

Blood was taken after a 12-h overnight fast, stored on ice

in a lightfast container, centrifuged and analyzed at

McMaster University Medical Center on the same day as

collection. High sensitivity CRP was determined using

particle enhanced immunonephelometry (CardioPhaseTM

hsCRP, Dade Behring; Mississauga, ON, Canada). A CRP of

X3mg l�1 was used as the cutoff point to identify persons at

high risk of CVD.10

Data analysis

Analysis of the sensitivity and specificity of BMI cutoffs of

30 kgm�2 and 25kgm�2, relative to the %FM cutoffs for

obesity,9 was performed using SPSS (Statistical Package for

the Social Sciences, v. 15.0, Chicago, IL, USA). Six partici-

pants were excluded from the sensitivity and specificity

analysis due to missing length (n¼2), weight (n¼1) or

bioelectrical impedance analysis measurement (n¼ 3). BMI

cutoffs were determined from the %FM using non-linear

regression. On account of the small number of female

participants (n¼14), only males were used for the non-

linear regression analysis (n¼60). Sample size for non-linear

regression was calculated using a effect size of 0.15, an a level

of 0.05, and a desired power of 0.80 to determine a minimum

required sample of 54 participants.16,17 Piecewise linear

regression was used to determine BMI cutoffs from CRP.

Male and female participants with CRP values X10mg l�1

were excluded from this analysis, resulting in a sample of 57.

Determination of BMI cutoffs to identify men with both

high CRP (3–10mg l�1) and high %FM (X22%, indicative of

obesity) was completed using a receiver–operator character-

istic curve. Fourteen participants were included in this

analysis.

We certify that all applicable institutional and govern-

mental regulations concerning the ethical use of human

volunteers were followed during the course of this research.

Results

Demographic and injury characteristics are presented in

Table 1. Values for BMI and %FM, which were used for all

analyses, are presented in Table 2. Mean CRP for the sample

was 3.3±2.8mg l�1. The BMI cutoff of 30 kgm�2 had a

sensitivity of 20.5% and a positive predictive value of 100%,

both of which changed to 73.9 and 89.5%, respectively, with

a BMI cutoff of 25 kgm�2 (Table 3). That is, 73.9% of people

with obese %FM levels were identified by a BMI of 25 kgm�2,

and of the 38 participants identified as obese using a BMI

cutoff of 25 kgm�2, 89.5% were also identified as obese by

the %FM.

A two-slope piecewise regression model was then used to

estimate the BMI at which the %FM started to increase to

levels of concern (that is, obesity). Convergence of the model

required seven iterative steps, with the last iteration having a

sum of squares of 1396.3, and a slope of 0.01 below the

cutoff of 22.1 kgm�2 and a slope of 0.53 above the BMI

cutoff at an FM of 22.4% (Figure 1, Table 4). A BMI range of

26.5 to 29.8 kgm�2 was associated with a CRP value of

2.6mg l�1 (Figure 2, Table 4), the value associated with

moderate CVD risk in the able-bodied population.18 This

range was determined from the r2-value of the model above

and below the CRP cutoff of 2.6 (o0.01, 0.05), Thus,

participants with BMI of 26.5–29.8 kgm�2 tended to have a

CRP at 2.6mg l�1, associated with moderate CVD risk.
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The creation of a risk variable based on elevated CRP and

elevated %FM identified 14 male participants with both a

CRP X3.0mg l�1, the high-risk cutoff for CVD,10 and a %FM

of X22, indicative of obesity in men.9 When this variable

was plotted against BMI using receiver–operator character-

istic curves, the BMI value of 25 kgm�2 was identified as

having the best combination of sensitivity (0.90) and

specificity (0.52; Table 4). The area under the curve was

0.77, relatively close to the ideal area under the curve of 1.0

(Figure 3).

Discussion

This study contributes to a growing body of literature

examining the use of BMI in the SCI population to

identify obesity, and is the first to suggest lower BMI

cutoffs based on both %FM and CRP as biomarkers. The

major findings were the following: (1) The current BMI

cutoff of 30 kgm�2 fails to identify 73.9% of persons with SCI

who are truly obese; (2) persons with a SCI and a BMI

X22.1 kgm�2 may be candidates for lifestyle and/or medical

interventions to reduce risk of obesity-related chronic

diseases, or at the very least, are candidates for further

screening.

Persons with SCI commonly have up to 15%more body fat

than BMI-matched able-bodied controls.19 This discrepancy

is due to the lack of neuronal stimulation below the site of

injury as well as a drastic decrease in physical activity,

causing a loss of lean muscle and bone and an accretion of

adipose tissue after SCI.6 These changes lead to an increase in

obesity based on the %FM that has the potential of not being

captured by BMI because both weight and BMI tend to

remain unchanged in the SCI population. Not surprisingly,

we found that the BMI cutoff of 30 kgm�2 failed to identify

73.9% of those who were obese. This shortcoming is not

trivial as the identification of people who are obese is crucial

to identify those at risk for obesity-related chronic diseases

such as CVD. When a BMI of 25 kgm�2 was used instead,

53.4% more participants were appropriately categorized as

obese. Remarkably consistent with our findings, a small

study5 of men with paraplegia reported that the obesity

cutoff of 30 kgm�2 failed to identify 80% who are truly

obese, with a decrease in misidentification of 40% when the

BMI cutoff was lowered to 25 kgm�2.

Table 2 Body mass index (BMI) and percentage of fat mass (%FM)
values for male and female substudy participants

Men Women

Frequency
(%)

Mean
%FM±s.d.

Frequency
(%)

Mean
%FM±s.d.

BMI (kgm�2)
o18.5 2 (3.2) 18.1±5.7 2 (14.3) 21.4
18.5–24.9 28 (44.4) 22.1±6.2 4 (28.6) 30.9±4.3
25.0–29.9 26 (41.3) 29.3±6.1 3 (21.4) 41.8±4.8
430 6 (9.5) 34.6±4.2 4 (28.6) 45.1±4.0
Missing 1 (1.6) 26.2±7.5 1 (7.1) 37.6±8.9
Total 63 (100) 26.2±7.4 14 (100) 37.6±8.9

Table 1 Background characteristics of participants in SHAPE SCI
substudy (n¼77)

Mean±s.d. Range

Years since SCI 14.7±10.5 1.0–47.0
Age (men) 43.5±11.5 21.0–79.0
Age (women) 37.9±13.2 21.0–65.0

Frequency Percentage
Sex

Male 63 81.8
Female 14 18.2

Ethnicity
White 73 94.8
Native Canadian 1 1.3
Other 3 3.9

Level
Tetraplegia 39 50.6
Paraplegia 38 49.4

Complete/incomplete
Complete 28 36.4
Incomplete 48 62.3
Missing 1 1.3

Etiology
Motor vehicle mishap 38 49.4
Fall 14 18.2
Medical 5 6.5
Sports related 5 6.5
Diving 9 11.7
Other 6 7.8

Abbreivaition: SHAPE SCI, Study of Health and Activity in People with Spinal

Cord Injury.

Table 3 Comparison of sensitivity, specificity, predictive value and prevalence values for comparison of obesity in participants at BMI cutoffs 30 vs
25 kgm�2

Obesity BMI cutoff Change

30 kgm�2 25 kgm�2

Sensitivity¼TP/(TP+FN) 0.205 (0.154)a 0.739 (0.692) 0.534 (0.538)
Specificity¼ TN/(FP+TN) 1.000 (1.000) 0.846 (0.810) �0.154 (�0.19)
Predictive value¼ (TP+TN)/(TP+FP+TN+FN) 0.493 (0.450) 0.778 (0.733) 0.285 (0.283)
Positive predictive value¼ TP/(TP+FP) 1.000 (1.000) 0.895 (0.871) �0.105 (�0.129)
Negative predictive value¼ TN/(TN+FN) 0.417 (0.389) 0.647 (0.586) 0.230 (0.197)
Prevalence¼ (TP+FN)/(TP+FP+TN+FN) 0.638 (0.650) 0.639 (0.650) 0.001 (0.000)

Abbreviations: BMI, body mass index; TP, true positive; TN, true negative; FP, false positive; FN, false negative.
aValues in parentheses are for men only.
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Figure 1 Estimation of body mass index (BMI) obesity cutoff of 22.1 kgm�2 at an fat mass (FM) of 22.4% using a non-linear regression
analysis in men.

Table 4 Comparison of four different analyses used to revise BMI cutoffs in the chronic SCI population

Variables used Statistical method Sample Outcome

Variable BMI cutoff (kgm�2)

%FM Sensitivity and specificity analysis Men and Women (n¼71) NA 25
%FM Non-linear regression Men (n¼60) 22.4 %FM 22.1
CRP Piecewise regression Men and Women (n¼57) 2.6mg l�1 26.5–29.8
CRP and %FM ROC curve Men (n¼14) 3.0mg l�1, 22% 25

Abbreviations: BMI, body mass index; %FM, percentage of fat mass; ROC, receiver–operator curve; SCI, spinal cord injury.

Figure 2 Estimation of obese body mass index (BMI) cutoff range of 26.5–29.8 kgm�2 at a C-reactive protein (CRP) of 2.6mg l�1 using
piecewise linear regression analysis.
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Using %FM, we noted that a BMI of 22.1 kgm�2 is

associated with an %FM 22.4% in men. This FM percentage

is indicative of obesity in men aged 18–40 years and

approximates the obesity cutoff for men aged 41–60 years

(425%), and aged 61þ years (423%).9 This indicates that

decreased BMI cutoffs more accurately capture obesity when

defined on the basis of %FM in specialized populations such

as those with SCI.

We found that a BMI range of 26.5–29.8 kgm�2 was

associated with cardiovascular risk based on the American

Heart Association definitions for CRP. The lower end of the

BMI range approached the lowered BMI cutoff of 25 kgm�2,

which showed improved sensitivity and predictive value in

our sample. Ideally, one BMI point would have corresponded

with a CRP of 2.6mg l�1 as opposed to the 3.4 kgm�2 range

as indicated in Figure 2. The range likely would have been

smaller if the sample had been larger to reduce the variation.

Preliminary evidence suggests that CRP is a major risk

factor for the high prevalence of CVD in the SCI population.

Indeed, one study showed that men with SCI who were free

of infection were 2.29 times more likely to have CRP

43mg l�1 than able-bodied matched controls.20 CRP, to-

gether with low high-density lipoprotein cholesterol levels,

may be a major CVD risk factor for those with SCI.20 This is

critical as the metabolic profile of those with SCI often

appears normal for traditional biomarkers associated with

CVD risk,21 even though they have a higher rate of CVD

mortality than able-bodied population. It thus makes sense

to include a biological marker, such as CRP, as a factor on

which to base new BMI cutoffs. In support of this, in an able-

bodied population, CRP has been shown to improve the

predicative ability of the Framingham risk score.11

In a subset of the participants who were part of this study

(n¼65), it was earlier reported that only 2.4–18.4% people

had metabolic syndrome (as identified by traditional

definitions), compared with 19.4–39.0% in the able-bodied

population.21 Given the low prevalence of metabolic

syndrome in the SHAPE SCI substudy sample, the average

FM of 29.4%, found in this study (indicating obesity and

high risk), was unexpected. When looking beyond the

traditional biomarkers for CVD risk, CRP was the only

biomarker indicative of high risk (3.1mg l�1).21 Our deter-

mination of a BMI cutoff based on CRP, one of the most

probable indicators of CVD risk in the SCI population, is a

notable contribution to the literature.

A BMI cutoff above which participants had both a %FM,

indicative of obesity (X22.1%), and a CRP, associated with

high risk for CVD (X3.0mg l�1), would be the most relevant

in identifying those most in need of intervention. On the

basis of this combined risk factor variable, a BMI of 25 kgm�2

was determined by the receiver–operator characteristic curve

as the most appropriate cutoff because of its high sensitivity

(0.90), although still maintaining a reasonable specificity

(0.52). The sacrifice in specificity is appropriate for a

screening tool as its intention is to be a first cut, warranting

further tests to identify the specific level of risk for those

individuals identified as potentially at risk for obesity-related

chronic disease by BMI.

Strengths and limitations

To our knowledge, this study of the utility of BMI included

the largest and most representative sample to date of people

with SCI (n¼77). This study involved men and women with

both complete and incomplete paraplegia and tetraplegia,

more representative of the SCI population than many other

studies published in the current literature. Because of the

home-based nature of this study, health and mobility did not

prevent participation, and we were able to recruit a larger,

more generalizable sample than that typically reported in

SCI studies or that is available for hospital or university-

based testing.

Our use of a novel biomarker (CRP) to identify BMI cutoffs

is an important strength of the study, because it has been

shown that the traditional CVD risk factor profile is not

present in the SCI population,21 despite an increased rate of

CVD compared with the able-bodied population. However,

we recognize the controversy of measuring CRP in this

population due to the possible presence of urinary tract

infections and pressure sores. To address this, we excluded

participants with CRP X10mg l�1 (n¼15), a level commonly

associated with infection.

Although we do acknowledge that bioelectrical impedance

analysis is subject to violation of the assumptions of hydro-

static weighing, the portable options for body composition

assessment were limited due to the home-based visits. Ideally,

the use of a measure that has been validated against the four-

compartment modeling would have been advantageous;

however was not a possibility because of the nature of the

home visits and the financial cost of these techniques.22 The

cutoffs of the %FM that we used were developed in an able-

bodied population.9 We acknowledge that these cutoffs may

not be ideal for a disabled population; however, we also point

out that they are used as a reference in SCI populations.5

Figure 3 Receiver–operator characteristic curve identifying a body
mass index (BMI) point of 25 kgm�2 with a sensitivity of 0.90, a
specificity of 0.52 and an area under the curve of 0.770 for the
identification of men with both high percentage of fat mass (%FM)
and high C-reactive protein (CRP).
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When performing the sensitivity analysis, participants

were analyzed in subgroups according to both age and

gender. On account of the wide age range of the small

sample of women, this analysis may not represent the ability

for a BMI of 25 kgm�2 to more accurately capture obese

women with SCI. Women (n¼14) were included in the

analysis because of the lack of studies on women in the SCI

literature. The non-linear modeling used to predict BMI

based on the %FM and the nature of cutoffs for %FM9 in a

small number of women precluded their inclusion in this

analysis. The small number of men per age group resulted

in the use of one group regardless of age to estimate BMI

by %FM.

This study shows that the current BMI cutoff fails to

identify most obese individuals in the SCI population, as

defined by the %FM and risk of obesity-related chronic

disease based on CRP. We provide evidence to the clinical

and scientific communities supporting the use of lower BMI

cutoffs (that is, above 22 kgm�2) to better identify persons

with chronic SCI who are obese, and importantly, who are at

risk for CVD.
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