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Abstract
With increasing longevity, obesity and associated co-morbidities are a growing problem among those with spinal cord injuries (SCIs). Minimal research exists on weight management interventions for this clientele. This study assessed the efficacy of a weight management and wellness programme for outpatients from the Auckland Spinal Rehabilitation Unit, New Zealand.
Nine adults (aged 25-76 years) with paraplegia and obesity participated in the prospective study. The 12 week group programme, led by a Dietitian and Physiotherapist, consisted of three sessions a week, incorporating physical activity and dietary education. Weight, fitness, dietary behaviour, and subjective wellbeing outcomes were measured at baseline, week 12 and week 24.
Median programme attendance was 64.3%. Average weight at baseline was 103.2±28.5 kg (BMI 37.0±5.8 kg/m²) and average weight change was -0.4±3.5 kg at week 12 and -6.0±8.6 kg at week 24. Improved fitness was seen in the 12 minute wheelchair aerobic push test, with a median percentage distance change of 10.5% at week 12 and 11.6% at week 24. At week 12 all participants’ scores on a modified Dobson’s Short Fat Questionnaire showed an improvement in dietary behaviour.  Scores from the Personal Wellbeing Index revealed improved subjective wellbeing at week 12 and week 24. 
Results indicate that group programmes have the potential to assist with weight management and aspects of wellbeing for persons with SCI. Weight loss may be more likely with programme duration greater than 12 weeks. Due to small group numbers, additional research should be undertaken to allow for significant results. 



Introduction
Obesity is a major public health problem in New Zealand and across the globe1, 2. In New Zealand 25% of the adult population are classified as obese1. Furthermore, individuals living with a spinal cord injury (SCI) may be at greater risk of developing obesity than the general population, particularly those who mobilise using a wheelchair. 
Currently, there is limited data on the prevalence of obesity after SCI. A recent review reported prevalence estimates of overweight and obesity in SCI between 40 and 66% and a large retrospective study (n=408) found the prevalence of obesity was 30%3, 4. This high prevalence may be due to decreased resting energy expenditure, caused by a decrease in metabolically active muscle mass following SCI5. If dietary intake is not decreased accordingly energy intake easily exceeds energy requirements, predisposing the person to weight gain. The other key factor is a low level of physical activity in this population3.
The World Health Organisation classifies obesity as a body mass index (BMI) of ≥30kg/m² but this may underestimate obesity in persons with SCI due to body composition changes following SCI2-7. Research suggests that compared with able-bodied controls of the same weight individuals with SCI have lower lean tissue mass and higher fat mass. Many studies have shown that for persons with SCI who have a normal BMI actual body fat percentage levels indicate obesity7. Additionally, height is required to calculate BMI and it is challenging to record an accurate height for a wheelchair dependent person3. 
With increasing longevity the obesity-related health effects are of concern for the SCI population. Coronary heart disease, hypertension, diabetes, impaired glucose tolerance, and an abnormal lipid profile were reported to be more common in persons with SCI than able-bodied control subjects5. Obesity may also contribute to; difficulty mobilising, increased carer hours, poor sleep, additional equipment requirements, pressure areas and social consequences such as social isolation, stigmatisation or discrimination5.
There has been minimal research on weight management interventions for persons with SCI and interventions and resources for the general population are often not appropriate for this unique population. A 12-week programme for overweight/obese persons with SCI in the United States of America combined both dietary education (including a prescribed diet) and physical activity and had promising results, with a significant decrease in BMI seen (-1.3±1.2 kg/m²)5. No weight management interventions for persons with SCI have been conducted in New Zealand.
The aim of this study was to assess the efficacy of a 12 week group weight management and wellness programme for Auckland Spinal Rehabilitation Unit (ASRU) outpatients with obesity.


Methods
Subjects
The inclusion criteria were; ASRU outpatient, living in Auckland, paraplegia (using a wheelchair for >50% of mobilisation), ≥ eight months post injury, BMI >28kg/m2, and capable of conversing in basic English. Exclusion criteria were; currently receiving a dietetic or physiotherapy service, taking weight loss medication, having a medical condition that might prevent full participation in the programme, not able to commit to full participation in the programme, or at an inappropriate stage-of-change for making behavioural changes. 
A BMI of 28 kg/m² was used as a measure of obesity to account for the research suggesting that a BMI of 30 kg/m² would underestimate true obesity in persons with SCI. Participants’ BMIs were determined using self-reported height. If this was not known ulna length was measured and used to estimate height8.
Recruitment
A case mix analysis of patient records was completed to identify subjects that met the inclusion criteria. Fifty-three individuals were sent programme information and 23 individuals contacted the Screening Assessor for further information. Ten of these individuals were excluded due to not using a wheelchair for primary mobility or being unable to attend the sessions due to other commitments. Thirteen individual screening appointments were booked and 12 individuals attended. The screening appointments were held with the Screening Assessor, using a specially designed screening assessment questionnaire. Stage-of-change for making behaviour change was determined using a numbered continuum addressing readiness, importance and confidence to change9. Of these 12 individuals, three were excluded due to; medical conditions, inability to commit to programme and/or at an inappropriate stage-of-change for behavioural change. Nine subjects were included in the study.
Programme structure and content
The 12 week programme consisted of three group sessions per week at ASRU. The first session of the week combined dietary education (“Healthy Eating”- 90 minutes) and physical activity (“Getting Active”- 60 minutes), and the remaining two sessions were solely Getting Active sessions. One week consisted of only two sessions due to a public holiday.
The sessions were planned and primarily facilitated by a Dietitian and Physiotherapist (Primary Investigator and Sub-Investigator, respectively). A Māori Health Worker and a community volunteer with paraplegia co-facilitated. Participants were encouraged to bring a support person along to sessions where possible. Assistance with transport was provided.
Celebratory sessions with a prize giving component were held at week six and week 12 to acknowledge progress and maintain motivation.
Healthy Eating sessions	At the first session topic suggestions were provided and the participants identified which they would like to cover. The Dietitian then planned the Healthy Eating programme to cover the desired topics at an appropriate knowledge level and in a logical order (Table 1). 
At each session participants established individual weekly goals and these were shared with the group and reported on in the following week.
Lunch was supplied at each session to introduce participants to a variety of healthy food choices. A cookbook was provided including all recipes used to encourage participants to try at home.
Table 1. Healthy Eating topics
	Week
	Topic/topics covered

	1
	Making Behaviour Change & Goal Setting

	2
	Energy Balance & Food Groups

	3
	Portion Control

	4
	Non-Hungry Eating & Savouring Food

	5
	Dealing with Non-Supporters & Myth Busters

	6
	Mid-way Celebration & “Expert Patient” speaker

	7
	Eating Outside the Home

	8
	Label Reading

	9
	Meal Planning & Budgeting

	10
	Healthy Cooking & Adapting Recipes

	11
	Dealing with Slip-Ups

	12
	Final Celebration & Prize giving



Getting Active sessions	Participants determined what they would like to include and achieve in the Getting Active sessions and were educated on the importance of physical conditioning and the principles of different types of training. The majority of sessions were gym based and incorporated aerobic training principles delivered through circuit training (Appendix 1). A variety of alternative physical activities were incorporated into the programme to provide ideas for physical activity outside of a gym setting. Activities included; team sports, outdoor rolling groups, laughter yoga, physically interactive video games and education on potential home-based activities (Appendix 2).
The Treaty of Waitangi	Throughout the planning and implementation of the programme efforts were made to ensure the key principles of the Treaty of Waitangi were incorporated to work towards reducing the health inequalities of Māori10. A holistic approach in regards to wellness was taken, which is in line with the Māori Health Model11. Family were encouraged to participate where possible to promote wellness for the whole family (Whānau Ora)12. 
Outcome Measures (Table 2)
Weight		Weight was recorded using wheelchair scales. Each participant’s wheelchair was weighed at baseline, allowing the participant’s weight to be calculated. Clothing and shoes were worn during weighing. If a participant’s chair was modified in any way a new wheelchair weight was recorded for participant weight calculations. 
Fitness		Fitness was assessed using the 12 Minute Wheelchair Aerobic Test13, accompanied by the Modified Borg’s Scale of Perceived Exertion14. Distance covered in the aerobic test was recorded using a wireless speedometer fastened to the outer wheel of the particpants’wheelchair. To minimise potential learning bias baseline aerobic tests were conducted three times and the best result was recorded. For safety reasons the Physiotherapist took paticipants’ blood pressure, heart rate and oxygen saturation during aerobic testing. Participants rated their perceived exertion immediately prior to and after the aerobic test using the Modified Borg’s Scale of Perceived Exertion14. 
Dietary behaviour	   A modified version of the Dobson’s Short Fat Questionnaire was used to assess participant’s self-reported dietary intake15. This 19-question tool produced a total score of 0-70 (zero= the diet is likely to be health-compromisng unless fat intake is decreased, 70= the diet is low in fat). Scores were produced using a data spreadsheet developed by the creaters of the modified questionnaire16.
Subjective wellbeing         Subjective wellbeing was measured using the Personal Wellbeing Index (PWI)17. This tool contained eight items of satisfaction, each one corresponding to a quality of life (QOL) domain. The tool was administered in written form and individuals completed these unassisted. When literacy was a problem a volunteer who was not involved in the programme assisted the participant. The individual participants’ results from the PWI were analysed in two ways; firstly, the average over the eight QOL domain scores was calculated to represent overall “subjective wellbeing”, and secondly, the QOL domains were analysed as separate variables.
Programme Evaluation	A mixed methodology questionnaire was developed to gather participants’ feedback about the programme and facilitate suggestions for how the programme could be improved if repeated in the future. 



Table 2. Outcome measures assessed throughout the study*
	Week 1
	Weight
Modified Dobson’s Short Fat Questionnaire
Personal Wellbeing Index
Wheelchair Aerobic Test (with Borg’s Rate of Perceived Exertion Scale)

	Week 6
	Weight
Wheelchair Aerobic Test (with Borg’s Rate of Perceived Exertion Scale)

	Week 12
	Weight
Modified Dobson’s Short Fat Questionnaire
Personal Wellbeing Index
Programme Evaluation Questionnaire
Wheelchair Aerobic Test (with Borg’s Rate of Perceived Exertion Scale)

	Week 24
	Weight
Modified Dobson’s Short Fat Questionnaire
Personal Wellbeing Index
Wheelchair Aerobic Test (with Borg’s Rate of Perceived Exertion Scale)


* Data was collected by the investigators and was not blinded.

Statistical Analyses
The data was statistically analysed using Microsoft Excel 2007. Due to small participant numbers a single outlying result often greatly skewed the group average, hence, the median was calculated to more accurately illustrate the trends seen. To account for a large range of baseline results each participant’s percentage change from baseline was calculated at all data collection points.
Ethics 
This study was approved by the Northern X Regional Ethics Committee and the Counties Manukau District Health Board (CMDHB) Māori Research Review Committee. 


Results (Table 3)
The nine participants (6 female, 3 male) were aged 25-76 years (average age: 52±16 years). Participants identified their ethnicities as European (n=4), Māori (n=3) and Pacific Island (n=3). Duration post injury ranged from one year to 11 years (average: 5.2±3.7 years). Participant co-morbidities included schizophrenia (n=1), achondroplasia (n=1), vision impairment (n=1), type 2 diabetes mellitus (n=2) and neuropathic pain (n=2). The average baseline weight was 103.2±28.5 kg with BMI of 37.0±5.8 kg/m². The average weight gain following SCI was 10.8±13.3 kg, approximating 1.6 kg per year.
Median attendance of the total sessions of the programme was 64.3% (IQR 52.4 to 83.3%). The most common reasons for absence included; pressure areas, family issues, and needing to attend other health-related appointments.
Two participants were lost to follow-up at week 24 (one was in hospital due to a pressure area and one had recently been diagnosed with terminal cancer and withdrew from the study). Of the seven remaining participants only four attended the week 24 fitness and weight testing (one was on bed rest due to a pressure area and the two others did not provide an explanation for not attending).
Weight
A trend towards weight maintenance was seen at week six and week 12, with some participants gaining weight (maximum gain: 3.5 kg) and some losing weight (maximum loss: 7.5 kg). Weight loss was seen in three of the four participants with recorded weights at week 24 (weight loss range: 1.5 to 16.5 kg). 
Fitness
The majority of participants’ distances in the 12 Minute Wheelchair Aerobic Test increased from baseline during and following the programme. The proportion of participants that increased their distance from baseline were; 7/8 at week six, 6/8 at week 12 and 4/4 at week 24. The greatest individual improvement was seen at week 24 with a percentage change from baseline of 41.3%.
The average score on the Modified Borg Scale of Perceived Exertion following the aerobic test was between 4.0 and 4.5 (“somewhat hard” to “hard”) for all data collection points, indicating that perceived exertion remained constant throughout the study.
Dietary behaviour
A clear improvement in reported dietary behaviour can be seen from baseline to week 12. The average score improvement from baseline to week 12 was statistically significant at -4.6±6.3 (95% CI -0.4 to -8.7). Average score at week 24 (n=7) showed a slight deterioration from week 12; however this was still improved from baseline.
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Table 3. Results of outcome measures throughout study
	
	Baseline (n=9)
	Week six (n=9)
	Week 12 (n=9)
	 
	Week 24 (n=7)
	 

	
	Baseline Average
	Week 6 Average
	Average change from Baseline
	Median % change from Baseline
	Week 12 Average
	Average change from Baseline
	Median % change from Baseline
	Week 24 Average
	Average change from Baseline
	Median % change from Baseline

	Weight (kg)
	103.2±28.5
	102.3±29.9
	 -0.9±2.6
	

-1.5% 
(IQR -2.5 to 0.5%)
	102.8±28.6
	-0.4±3.5
	1.0% 
(IQR -1.7 to 1.9%)
	86.9±21.0c
	-6.0±8.6c
	-5.7% 
(IQR -10.3 to -1.2%)c

	 
	 
	 
	
	 
	 
	
	 
	
	
	 

	Aerobic Test (m)
	910±370
	850±200a
	50±190a
	10.6% 
(IQR 5.3 to 20.9%)a
	960±250a
	30±210a
	10.5% 
(IQR -3.3 to 24.9%)a
	960±180c
	130±120c
	11.6% 
(IQR 7.3 to 21.6%)c

	 
	 
	 
	
	 
	 
	
	 
	
	
	 

	Perceived Exertion
	4.3±1.4
	4.1±1.8
	-0.3±1.8
	0% 
(IQR -27.5 to 25%)
	4.0±1.6b
	-0.1±2.0b
	-20% 
(IQR -32.5 to 20%)b
	4.5±1.0c
	0.3±1.5c
	9.5% 
(IQR -15.7% to 50%)c

	 
	 
	 
	
	 
	 
	
	 
	
	
	 

	Dietary Score
	26.7±7.0
	
Not applicable
	22.1±8.6
	-4.6±6.3
	-11.5% 
(IQR -34.6 to -5.1%)
	23.0±6.5
	-1.4±6.7
	 -7.7% 
(IQR -19.6 to 13.3%)

	 
	 
	 
	
	 
	 
	
	 
	
	
	 

	Subjective Wellbeing

	6.8±1.6

	Not applicable

	7.1±1.6

	0.4±2.0

	13.7% 
(IQR -12.5 to 17.4%)

	7.5±1.8d

	0.5±1.8d

	-0.2% 
(IQR -11.4 to 29.3%)d


	aParticipants with available data (n=8)
	
	
	
	
	
	
	
	

	bParticipants with available data (n=7)
	
	
	
	
	
	
	
	

	cParticipants with available data (n=4)
	
	
	
	
	
	
	
	

	dParticipants with available data (n=6)
	
	
	
	
	
	
	
	




Subjective Wellbeing
A trend towards improved subjective wellbeing was seen with average subjective wellbeing scores increasing from baseline to week 12, and again at week 24. Analysing QOL domains separately, median domain scores were either maintained or improved and the greatest improvements were seen in satisfaction with “health” and “achieving in life” (Figure 1).

Figure 1. Personal Wellbeing Index- Median scores by quality of life domains


Programme Evaluation
Feedback from the Programme Evaluation Questionnaire was positive, with all participants rating the overall programme as “very good” (the highest option). Common non-prompted themes mentioned were that participants liked the mix of dietary education and exercise (n=5) and that participants valued the friendships they developed within the group (n=5). No participants felt there needed to be a change in group characteristics (e.g. age, sex, duration post-injury) with comments regarding ideal group size ranging from four to 12. Participants reported an ideal programme would; be longer in duration, have shorter Healthy Eating sessions with slower content delivery and more interactive cooking demonstrations, and be structured so that Getting Active sessions were not scheduled immediately after lunch.


Discussion
Results from this single-group prospective study suggest that a 12 week group programme incorporating dietary education and physical activity can assist with weight maintenance and improve various aspects of wellbeing for persons with SCI. However there are a number of limitations and factors to consider when interpreting the results of this study.
Study design	
Without a control group one cannot assume that the results seen were due purely to the programme and the small sample size meant that results were easily skewed by outliers. Due to resource constraints the study was not blinded and the investigators were involved in all aspects of the study. 
Attrition rate 	
Losses to follow-up at week 24 mean that participants with outlying baseline results may not be included in the week 24 results; hence all of these results need to be interpreted with caution. Withdrawal bias is a possibility, especially in regards to the fitness and weight results, as the four participants who attended these outcome measure tests may have been more confident that their results would be positive. 
Weight		
An aim of this study was that the programme would assist participants to maintain their weight. This is because persons with SCI often continue to gain weight following their injury, so stopping this trend should be considered an achievement6, 7.  The focus was on holistic wellness and providing sustainable healthy lifestyle skills, as opposed to a short-term weight-loss challenge. 
Not all participants wanted to lose weight, with other wellness measures of greater personal importance. For those whom weight loss was desired there were factors that may have hindered this. Three participants were on medications that can affect weight. The majority of participants were doing no intentional physical activity prior to the programme so it is likely that regular physical activity caused an increase in muscle mass, hence; fat mass may have decreased but the increased muscle mass caused weight to remain stable. Future studies should also include body composition measures. There were limitations regarding the accuracy of weights and BMI as clothing/footwear was not standardised and height was self-reported or estimated from ulna length. One participant had achondroplasia and no appropriate BMI or healthy weight references could be sourced. 
Weight maintenance was a positive health outcome of the study and the week 24 results suggest that a programme longer than 12 weeks may allow for weight loss to be seen during the programme. 



Fitness		
A clear trend towards improved fitness can be seen from the 12 minute wheelchair aerobic test results. The large range of baseline scores (610 to 1770 metres) meant that outliers greatly skewed results so when not all participants completed the test group averages were greatly affected. Pressure areas (unrelated to programme) were the primary reason for not completing fitness testing. The three occasions where participants covered less distance than their baseline scores were due to not feeling well or being fatigued from doing an excessive amount of physical activity the day prior. Future studies should include a protocol for cessation/rescheduling of testing in such events. 
The testing environment was not always consistent with bystanders offering varying encouragement, potentially influencing results. Future tests would benefit from a protocol to ensure a consistent testing atmosphere. 
The average score on the Modified Borg Scale of Perceived Exertion remained constant throughout the study, indicating that participants’ increased distances were not simply due to increased effort, but an increase in fitness or strength.
Dietary behaviour	
The average scores from the Modified Dobson’s Short Fat Questionnaire show a clear trend towards improved dietary behaviour. However the questionnaire is limited as it focuses primarily on fat intake so could not capture other positive dietary changes and it assesses self-reported dietary intake and this does not always reflect actual intake. 
The questionnaire used had been modified to be appropriate for the New Zealand adult population. The Dobson’s Short Fat Questionnaire is a validated tool; however despite being used in other New Zealand studies the modified version is not validated.
Subjective wellbeing		
Unfortunately the PWI group average was greatly skewed by one participant who had limited literacy. Assistance to complete the questionnaire was provided at week 12 and week 24 but the participant admitted to not understanding the questions at baseline, skewing the results. Future studies should include questions regarding literacy during the screening process. 
The two QOL domains that showed the greatest improvement were “health” and “achieving in life”. The health domain is not surprising as wellness was the focus of the programme and the improvement in what participants were “achieving in life” suggests that the programme provided additional substance to the participants’ lives. It is possible that the goal setting process and the prize giving sessions contributed to this. 
Additional benefits	
There were other benefits of the programme that were not captured with the outcome measures used. For a number of the participants they were socially isolated prior to the programme. In conversation with the investigators participants reported rarely leaving the house and often feeling alone. The programme provided a regular social outing and structure to their weeks. Participants reported that the relationships they made within the group were a key part of what they liked about the programme. Two participants reported that a major reason for participating in the programme was for social interaction. Participants also reported that they found it comforting to meet people with similar conditions. Participants could learn from each other in regards to the skills required for living with a disability.
Potential programme improvements 		
Based on investigators’ reflection and results from the Programme Evaluation Questionnaire there are a number of ways that future programmes could be improved. 
· Healthy Eating sessions should be shorter than 1½ hours or contain less content per session.
· More home-based exercise skills in case gym facility access is a barrier following the programme.
· Programme longer than 12 weeks.
· Could have less frequent sessions as the programme goes on, however, participants need to be aware that physical activity should be done at least three times a week. 
As transport can be an issue for people with SCI it will not always be possible for participants to attend a face-to-face programme. Hence, there is potential for a similar programme to be adapted into an alternative format, such as an electronic learning service. It is likely that the social interaction benefits seen in this study will be minimised and the physical activity component would be more challenging to facilitate but nonetheless, this avenue deserves further investigation.

Conclusion
This study shows that a 12 week group programme for persons with SCI can assist with weight management, increase fitness, and improve self-reported dietary behaviour and aspects of subjective wellbeing. A trend towards weight loss was seen at week 24, suggesting that if weight loss is desired a programme of longer duration than 12 weeks may be more appropriate. Due to the limitations of a small sample size it would be beneficial for further large-scale studies to be implemented. 
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Appendices
Appendix 1. Gym Session Programme
	Phases
	Activity Description

	1. Warm Up
5 minutes
	· Participants performed manual wheelchair propulsion around an 82 metre course.

	2. Circuit Training
15 minutes
	· Participants performed circuit training using various wheelchair accessible upper limb weight and exercise training machines.
· Participants spent three minutes on each machine (Facilitator timed and indicated when to move to next machine).
· Participants were instructed to adjust the resistance on each machine during the three minutes and aim to work at and maintain their perceived level of exertion at 4 to 5 (“somewhat hard” to “hard”) on the Modified BORG Rate of Perceived Exertion Scale.  Posters of the scale were displayed for participants to refer to.
· Participants were encouraged to keep moving between machines and to minimise rest periods as appropriate.  

	3. Manual Wheelchair Propulsion
 5 minutes
	· Repeated Phase 1. 
· Participants were encouraged to maintain perceived level of exertion at 4 to 5.

	4. Circuit Training 
15 minutes
	· Repeated Phase 2.

	5. Cool Down
10 minutes
	· Participants performed manual wheelchair propulsion around an 82 metre course at a slow pace.
· Facilitator led Participants in shoulder, neck and trunk stretching routines.
· Facilitator led Participants in relaxation breathing techniques.



Appendix 2. Alternative Getting Active Sessions
	Session
	Activity Description

	Outdoor Rolling Group
	· A group manual wheelchair propulsion session at local parks.

	Nintendo Wii Sport™ 18 
	· Video gaming system driven by a handheld wireless motion sensor/controller. Sports played were primarily tennis and boxing.

	Laughter Yoga
	· A form of group yoga employing self-triggered laughter, led by a qualified instructor.

	Big Ball
	· A game similar to soccer but a large Swiss ball is used in place of a soccer ball. Players manually propel their wheelchair while rolling/passing the Swiss ball.

	Badminton
	· The same as traditional badminton but the shuttle-cock is replaced with a balloon to allow for the time delay for wheelchair users to get to the balloon.

	Home-based activities
	· Participants were shown and educated on exercises possible within the home. E.g. Small equipment such as exercise tubing with varying resistance, free weights and using everyday household item.
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