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ABSTRACT
Patients with spinal cord injury (SCI) appear to be at higher risk of becoming overweight after their injury. This 12
month study aimed to assess the effectiveness of a dietitian-led clinic. Thirty-eight patients with chronic SCI with a body
mass index (BMI) range of 26.4 - 46.4 kg/m2 were referred for three consultations over a three month period for dietetic
advice covering nutrition, exercise and behaviour change. Body composition was estimated by anthropometric measurements of BMI, mid upper-arm circumference (MUAC), triceps-skinfold thickness (TSF), mid-arm muscle circumference (MAMC) and sitting blood pressure. Nineteen individuals completed the three month intervention. There were significant reductions in weight (kg: 103.1 v 97.8, P < 0.001), BMI (kg/m2: 35.5 v 34.0, P < 0.001), TSF (mm: 28.3 v 24.7,
P = 0.019), and sitting systolic blood pressure (mm Hg: 134 v 101, P = 0.015), and an increase in MAMC (cm: 29.5 v
30.0, P = 0.045). We conclude that a simple dietetic intervention can help individuals with SCI to lose weight without
compromising lean body mass. Although the intervention incurred additional cost, it has the potential to decrease
long-term healthcare expenditure if patients’ outcome and quality of life are improved.
Keywords: Obesity, Malnutrition, Nutritional Intervention, Spinal Cord Injury

1. Introduction
The management of obesity in individuals with spinal
cord injury (SCI) is important because it is highly prevalent (74% of this population in one study) [1] but there is
little evidence to suggest that its management can be effective. This contrasts to some extent with the situation
for the general population in the UK, where one in four
adults is now obese and treatment protocols as well established. But in both scenarios the prevalence can be
expected to increase [2], with serious health and cost
implications [2,3]. There are limited data on the rate of
weight gain after SCI in the UK, but in comparison with
the UK national survey data [4], patients with SCI [1]
seem more likely to become overweight and obese than
the able-bodied population (74% vs. 40%).
Apart from the obesogenic environment, SCI patients
are more vulnerable to overnutrition because of their
inherent immobility and muscle atrophy due to paralysis
and subsequent changes in body composition. This may
arise because the combination of a lower basal metabolic
rate [5] and restricted physical activity [6] result in an especially positive energy balance and therefore weight gain.
Copyright © 2011 SciRes.

The consequences of obesity include an increased risk
of premature death and the risk of developing chronic
diseases, such as type II diabetes mellitus, cardiovascular
disease (CVD), sleep apnoea, gallstones and certain forms
of cancer. The risk of mortality associated with CVD is
twice as high in SCI patients compared with able-bodied
individuals with CVD [7]. Indeed, for long-term SCI individuals, morbidity and mortality from CVD have now exceeded those caused by renal and pulmonary conditions and
CVD has become the primary cause of death [7]. In addition, overweight SCI patients are at a higher risk of developing pressure ulcers [8], increasing the difficulties in managing daily life with SCI [9].
Many of the conditions related to obesity could be
managed or prevented by appropriate nutritional interventions. In 2006, the National Institute for Health and
Clinical Excellence (NICE) published guidelines on managing overweight and obesity [3]. Although weight loss
has been advocated as a primary treatment strategy for
the condition, to date little high quality evidence exists to
support this concept in patients with SCI. There are limited published data on the effect of dietary intervention in
obese SCI individuals [10,11] and no formal approach
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has been tried in the British SCI centres. This study
therefore aimed to investigate the effectiveness of a dietitian led weight management clinic in a tertiary spinal
injuries centre in the UK.

2. Subject and Methods
2.1. Study Design
The study was a single group, uncontrolled study conducted
at the National Spinal Injuries Centre, Stoke Mandeville
Hospital, Aylesbury, UK over 1 year period from September 2008 to September 2009.

2.2. Subjects
Potential patients were screened by out-patient staff when
they attended the department for routine health reviews.
Those eligible for inclusion were individuals with SCI,
who were adult (aged 18 years or over) and with a BMI >
28 kg/m2. Eligible patients were offered the opportunity
to attend the pilot weight management clinic by their
consultants. Patients were followed up on 2 occasions
after the initial appointment (week 0), at week 4 and
week 12. Data were recorded at baseline and repeated
when participants attended their follow-up appointments
by the same researcher.
Data were collected following a standardised protocol,
which included demographic information, sex, age, and
ethnicity, anthropometric measurements, sitting blood
pressure, location and completeness of SCI. A brief personal and family history and past medical history were
also collected.

2.3. Anthropometric Measurements
Each anthropometric measurement was performed twice by
the same researcher who was fully trained in anthropometry.
An average of the two measurements was taken. If the
measurement difference was greater than 10%, a third measurement was performed with the aim of increasing accuracy.
Participants were weighed using a calibrated digital
wheelchair scale (Avery Berkley L115, UK). Two measurements were taken, one of the participant and the
wheelchair, and the other of the empty wheelchair; the
participant’s weight was then calculated as the difference
between these measurements. Height was collected by
recalled height or estimated by knee height callipers [12,
13]. (Harpenden Anthropometer, Crymych, Pembrokeshire, UK) BMI was calculated from height, and weight.
Mid upper arm circumference (MUAC) of the left arm
was measured in addition to triceps skin fold thickness
(TSF) using callipers (Holtain, Holtain Ltd, Crymych,
London, UK) in order to obtain an estimate of mid-arm
muscle circumference (MAMC) as described before [14].

2.4. Life Style Modification
At each appointment, goals were set, with the dietitian
Copyright © 2011 SciRes.

and the patient usually agreeing on two targets for the patient to achieve for the next appointment. General healthy
dietary advice based on the eat-well plate was discussed in
the initial appointment. Goal setting on behavioural change
around dietary intake was based on the local weight management policy in line with the NICE guideline [3]. Encouragement in improving physical activity—such as pushing their wheelchair for up to 30 minutes five times per
week (over and above normal daily movements)—was
recommended to those who had upper limb power.
A protocol, developed by Foreyt and colleagues [15]
was used to help patients to introduce lifestyle changes.
After the initial appointment, patients were provided with
the dietitian’s contact number in case further advice and/
or resolution of any queries were needed. On the subsequent follow up, if patients had not achieved their original goals, new goals were not discussed (Figure 1).

2.5. Statistical Methods
All the data (checked for normality) are expressed as mean
values with standard deviation (s.d). Changes were calculated by subtracting the baseline measurements from the 12
week follow-up measurements. A paired t-test was used to
determine the significance of differences in changes from
baseline with a statistical significance considered present at
the 5% level (P = 0.05). All analysis was done on an intention to treat basis, with baseline data carried forward for all
missing data. All statistical tests were conducted using the
Minitab Statistical Software (Version 15.0, Minitab Inc).

2.6. Ethics
After consultation with the research board and the management board in the National Spinal Injuries Centre, this
study was considered a service evaluation/audit, and therefore did not require formal ethical approval, but the patients
were still informed about the study and verbal consent was
obtained.

3. Results
Thirty-eight patients were seen between September 2008
and September 2009 (Figure 1), 27 were subsequently offered follow-up appointments, and 19 of these completed the
12 week programme and were included in this analysis.
Family history and co-morbidity
Eighteen patients (66%) reported a family history of nutritional related complications, 16 (59.3%) had at least
one co-morbidity; 8 (29.6%) were current smokers and
two (7.4%) were ex smokers; 11 (40.7%) consumed alcoholic beverages regularly.
Weight gain since SCI
The average weight gain after SCI of the 38 patients with
known pre-injury weight was 7.6 kg (SD ± 4.2 kg). It was
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Figure 1. Clinic protocol.

estimated that they were gaining an average of 2.5 kg per
year.
Eleven patients were excluded from the analysis due to
advanced age [2 (3.6%)], prominent co-morbidity [3
(5.5%)] and initial BMI < 28 kg/m2 [6 (11.1%)] (Figure
2). The patients’ characteristics and their demographic,
an- thropometric, age and gender specific values are
summa- rised in Tables 1 and 2.
Vitamin supplement consumption was reported by 6/22
(27.3%) participants.
Drop-outs and adverse effects of the programme
Eight patients dropped out after their initial appointment,
and six more before the 12-week follow-up. The entire
12 week programme was completed by 7 of 8 (87.5%)
women and 12 of 19 (63.5%) men. The drop-out rate did
not differ significantly between sex (P = 0.21), or the
stage of the program (P = 0.10).
We categorised the distance from each patient’s registered address to the tertiary centre into 3: (<20 miles, 20 50 miles and >50 miles) and compared attendance rates. No
statistical difference was found between initial (<20 miles:
63.6%; 20 - 50 miles: 68%; >50 miles: 73.6%, χ2 : P =
Copyright © 2011 SciRes.

0.387), follow-up (<20 miles: 70%, 20 - 50 miles: 86.4%;
>50 miles: 76.2%, x2 : P = 0.456) or and combined initial
and follow-up appointment rates (<20 miles: 66.7%; 20 - 50
miles: 78.8%; >50 miles: 75%, x2 : P = 0.527).
Changes after 12 weeks in the programme
Body weight, subcutaneous fat and sitting blood pressure
were significantly reduced whilst arm muscle increased.
The average weight loss of patients at week 12 was 3.7
kg ± (SD: 3.1 kg) (Table 2). The weight loss was from
(mean (SD)) 103.1 kg (19.7) to 97.8 kg (18.2; P < 0.0001),
and the BMI from 35.5 kg/m2 (5.6) to 34.0 kg/m2 (5.6; P <
0.0001) at 12-weeks. There was a statistically significant
change in TSF from 28.3 mm (7.18) to 24.7 mm (5.81; P
= 0.019), and in MAMC from 29.5 cm (4.98) to 30.0 cm
(5.69; P = 0.045), but no difference was observed in
MUAC (38.5 cm vs. 39.3 cm). In addition, sitting systolic blood pressure (mm/Hg) had fallen from 134 (16.9)
to 101 (36.9; P = 0.026); the diastolic pressure was unchanged (88 vs. 86.9) (Table 3).

4. Discussions
The most important therapeutic finding was that dietary
FNS
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Initial appointment
n = 38
Excluded from study
N = 11 (n = 3: non SCI; n = 2: advanced age;
n = 6 BMI <28 kg/m2)
Offer follow-up appointment
n = 27
Did not attend
n=6
Attended follow-up (week 4)
n = 21
Did not attend
n=2
Attended follow-up (week 12)
n = 19

Fully analysable data: n = 19
Date from the initial 27 patients used for baseline analysis

Figure 2. Clinic flowchart.
Table 1. Summary of the baseline data (anthropometric indices).
Range
n

Mean

SD

Minimum

Q1

Median

Q3

Maximum

Age (Years) (P = 0.649)
Male:
Female:

Variables

27
19
8

47.1
45
42

13.42
14.7
10.32

24
24
36

37
37
37.5

44.0
45.0
42.0

53
53
53.8

75
75
65

Weight (Kg)*(P = 0.038)
Male:
Female:

27
19
8

103.1
108.2
91.1

3.81
19.32
16.1

70.3
71.9
70.3

91.3
98.9
75.9

103
104.9
91.8

113.8
122.6
105.8

154.8
154.8
116.2

Height (cm) (P = 0.202)
Male:
Female:

27
19
8

1.70
1.73
1.65

0.14
0.16
0.05

1.27
1.27
1.54

1.65
1.67
1.63

1.70
1.8
1.65

1.83
1.83
1.69

1.85
1.85
1.70

BMI (Kg/m2) (P = 0.243)
Male:
Female:

27
19
8

35.51
36.34
33.5

5.63
5.1
5.06

26.4
28.7
26.4

30.5
32.1
27.8

34.2
36.6
32.1

40.1
40.2
38.6

46.4
45
46.4

MUAC (cm) (P = 0.122)
Male:
Female:

24
17
7

38.48
39.4
36.23

4.54
3.66
5.93

29.2
34.2
29.2

34.8
35.9
31.8

38.7
39.0
34.7

41.2
41.2
42

46.7
46.7
45.6

TSF (mm) (P = 0.394)
Male:
Female:

24
17
7

28.32
27.5
30.31

7.18
8.07
4.16

15.0
15
25.0

25.1
20.6
26.2

29
27.8
30.0

30.8
30.3
35.0

45.7
45.7
36.2

MAMC (cm) (P = 0.074)
Male:

23
16

29.53
30.75

4.98
4.53

21.3
23.4

25.8
28.2

29.1
30.8

31.6
33.0

41.8
41.8

7

26.73

5.14

21.3

22.4

25.8

31.0

35.9

Female:

BMI: Body Mass Index; MUAC: Mid upper arm circumference; TSF: Triceps skinfold thickness; MAMC: Mid arm muscle circumference *P < 0.05 (two
sample t-test).

Copyright © 2011 SciRes.
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Intervention is associated with a clinically meaningful
reduction in weight in overweight SCI individuals. Overall weight was reduced by 3.5% in this study in line with
the results of the single previous study (3.8%) [11].
It is tempting to conclude that weight gain was simply
a consequence of overnutrition, reduced physical activity
or a combination of both. It is certainly likely that SCI
individuals would have been less physically active [6],
indicating a lower energy need to maintain the total energy expenditure, which is compatible with lower energy
intake. But it has also been suggested that there is an
important change in body composition after SCI, with
reduced lean body mass and increased fat mass [7] leading to reduced nutritional needs [6]. In the clinical setting,
regular education of all SCI individuals regarding reduced nutritional requirements may help to prevent excess
weight gain. Additional assessment or interventions may
still be required for overweight SCI patients.
Eight people did not attend the follow-up clinic. The
drop-out rate could not be explained by the distance that
patients had to travel in order to attend. Instead, it suggests
that a lack of readiness for change by the individuals may
be a more important reason for non-attendance [3].

Table 2. Patient characteristics.
N

Percentage (%)

Cervical

13

44.8

Lumbar

4

13.8

Thoracic

11

37.9

A

11

37.9

B

2

6.9

C

9

31.1

D

7

24.1

Caucasian

21

77.7

Asian

5

18.6

Afro-Caribbean

1

3.7

Level of SC

AIS

Ethnic origin

AIS: American Spinal Injury Association Impairment Scale; CI: Spinal cord
injuries.

Table 3. Summary of post-clinic changes.
n

Initial

Final

Change

mean (s.d.)

mean (s.d.)

mean (s.d.)

103.1 (19.77)

97.8 (18.2)

3.7 (3.1)

P-value

Variable

Weight (kg) **

19

% weight loss (Range: 0.82% to 12%)
BMI (kg/m2) **

0.0001

3.5%
19

35.5 (5.63)

34.0 (5.6)

1.28 (1.0)

0.0001

MUAC (cm)

18

38.5 (4.54)

39.3 (4.29)

0.185 (1.49)

0.66

TSF (mm)*

18

28.3 (7.18)

24.7 (5.81)

2.53 (4.12)

0.019

MAMC (cm)*

18

29.5 (4.98)

30.0 (5.69)

0.729 (1.385)

0.045

Systolic (mm/Hg) *

19

134 (16.9)

101 (36.9)

33.1 (25.8)

0.015

Diastolic (mm/Hg)

19

88 (25.8)

86 (27.0)

20.9 (38.9)

0.206

Anthropometric measurements

Sitting blood pressure

BMI, Body Mass Index; MUAC, mid upper arm circumference; TSF, triceps skinfold; MAMC, mid arm muscle circumference; *Statistically significant
differences in mean values between pre and post 12 week consultations (P < 0.05); **Statistically significant differences in mean values between pre and post
12 week consultations (P < 0.01).

Copyright © 2011 SciRes.
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A strength of this study is that it is the first reported
clinical attempt to treat obesity in SCI in the UK. The intervention includes the use of low cost dietary intervention
delivered by a dietitian and avoids the higher costs and
potential side effects caused by drug intervention or bariatric surgery. Although bariatric surgery, which is regarded as the most effective method for treating obesity, and
can result in sustained weight loss of 25 kg - 30 kg [16],
the rising prevalence of obesity will preclude its provision
to all patients with this problem, and especially to those
with other major problems such as SCI. Non-surgical
treatment options, preferably of lower cost and with proved effectiveness are therefore needed. All of the data collected in this study were readily available as routine clinical information, permitting additional savings, as expensive equipment for sophisticated tests and monitoring is
not needed.
However, the study has limitations. For example, this
opportunistic sample of patients was not compared with a
control group. A dropout rate of 29.6% (8/27), limited
the statistical power of the study; the follow-up period
was relatively short, and long-term adherence to the weight management programme was not determined. Most
programmes would follow patients for at least a year but,
encouragingly if anecdotally, one of our patients has maintained weight loss after 16 months [17].
This study included only those with a BMI > 28 kg/m2, and
it is possible that resources expended on those less severely
overweight might be more cost-effective. The use of sophisticated equipment such as dual-energy x-ray absorptiometry,
would have provided more accurate body fat and lean body
mass information, and this will be important in the future
determination of the mechanisms for obesity in SCI [18].
All the patients in this study were weighed using a wheelchair scale. Due to their inability to stand, their height was
estimated by alternative surrogate measurements [12,13].
Experience from clinical practice suggests it is unrealistic
to expect height to be measured by general clinic staff.
When requested it is frequently not carried out because
of work pressures and limited availability of equipment.
Similarly waist circumference—which can be an alternative measurement of body adiposity [19]—is not measured
routinely, and attempts to get it done are often unsuccessful (Graham A: personal communication). All of these,
and the use of skinfold callipers, can however be employed as useful bedside clinical tools to assess body fat, and
body muscle mass once the patient has come to specialist
dietetic attention and are accordingly advocated [18].
Recently, adjusted BMI limits of 22 and 27 kg/m2 have
been proposed as cut offs for designation of overweight
and obesity in SCI individuals [20]. Despite the fact that
researchers in SCI medicine have argued that BMI may
not be appropriate for SCI patients, at present national
Copyright © 2011 SciRes.

guidelines retain the universal reference values of 25 for
overweight and 30 for obesity [3], and BMI remains an
important anthropometric index for evaluation of the risk
of disease associated with obesity [3]. This will undoubtedly be the subject of future research effort and
whether there might be better simple surrogate measures
to estimate adiposity in SCI.
In conclusion, weight gain after SCI is common. This
is most likely due to a combination of reduced nutritional
requirements secondary to enforced inactivity and immobilization due to paralysis and a change in the body composition. The present study has shown that overnutrition is
a major clinical problem in patients with chronic SCI. We
consider that there is an unmet need to define nutritional
requirements in SCI patients and to improve the methods
for screening. Nonetheless it appears that a successful
weight management programme can be run within a SCI
Centre and that, along with weight loss, it is possible for
individuals to maintain total lean body mass.
On the basis of this study, the out-patient department at
Stoke Mandeville has instituted a care pathway to screen
and refer patients for weight management. Although this
has incurred increased cost, it has been considered worthwhile through its potential to decrease ultimate health care
costs by improving the patient’s clinical outcome and
quality of life [11]. This was however a pilot study and the
results indicate the need for further, larger-scale investigations to confirm the prevalence of overnutrition and the
quantitative benefits of this approach.
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