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This study aimed to describe participation and health-related quality of life

(HRQoL) in adolescents and young adults with myelomeningocele and to

explore their relationships with lifestyle-related factors. Fifty-one individuals with

a mean age of 21 years 1 month (SD 4y 6mo) years participated (26 males, 25

females; 82% hydrocephalus, 55% wheelchair-dependent). Participation was

assessed using the Life Habits Questionnaire, and HRQoL was assessed using

the Medical Outcomes Study 36-item Short-form Health Survey. Physical activity

was measured using an accelerometry-based activity monitor, fitness (peak

oxygen uptake) was measured during a maximal exercise test, and the sum of

four skin-folds was assessed to indicate body fat. Relationships were studied

using logistic regression analyses. Of the participants, 63% had difficulties in daily

activities and 59% in social roles. Participants perceived lower physical HRQoL

than a Dutch reference population. Participants with higher levels of physical

activity and fitness had fewer difficulties in participating in daily activities (odds

ratio [OR]=8.8, p=0.02 and OR=29.7, p=0.02 respectively) and a higher physical

HRQoL (OR=4.8, p=0.02 and OR=30.2, p=0.006 respectively), but not mental

HRQoL. Body fat was not related to participation or HRQoL. In conclusion, a large

proportion of individuals with myelomeningocele had difficulties in participation

and perceived low physical HRQoL. Higher levels of physical activity and fitness

were related to fewer difficulties in participation and higher physical HRQoL.

The increased life expectancy of people who are born with

a physical disability such as myelomeningocele raises new

challenges in providing optimal health care and preventing

secondary conditions. In addition to medical problems

such as urinary and faecal incontinence and pressure sores,

and orthopaedic problems such as scoliosis and contrac-

tures,1 many adolescents and young adults with myelome-

ningocele have a physically inactive lifestyle, and have low

aerobic fitness and high levels of body fat.2 Promoting

healthy lifestyles by improving levels of physical activity

and aerobic fitness, and by reducing excessive body fat,

may benefit participation and health-related quality of life

(HRQoL) in people with physical disabilities such as

myelomeningocele.

Participation is an objective outcome of involvement in

life situations and can be evaluated by assessing life habits,

i.e. activities of daily living and social roles, and by address-

ing difficulty of performance and the assistance required.3

Many adolescents and young adults with myelomeningo-

cele are independent in most functional activities but

report dependency for sphincter control, locomotion, and

self-care,4,5 particularly those with hydrocephalus and

higher lesion levels.5 Furthermore, many adolescents with

myelomeningocele show difficulties with responsibilities in

household tasks, decision making, money management,

and engagement in activities with peers.4

HRQoL is a self-perceived outcome, based on subjective

reports on various areas of health.6 In the literature,

HRQoL has also been referred to as self-reported health

status7 or perceived health.8 Results of studies on HRQoL

of adolescents and young adults with myelomeningocele

are equivocal. Some studies showed that they perceived
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lower levels of HRQoL compared with the able-bodied

population, particularly regarding aspects of physical func-

tioning, including self-care, continence, and mobility,8,9

but also in emotional, social, and school domains.9 Other

studies showed overall good HRQoL.10,11

Little information is available on whether improving

lifestyle may benefit participation and HRQoL in adoles-

cents and young adults with myelomeningocele. Studies in

individuals with other chronic conditions, such as spinal

cord injury and cerebral palsy (CP), showed that physical

activity and aerobic fitness were positively associated with

participation and HRQoL.12,13 In able-bodied adolescents

and young adults, obesity was associated with lower

HRQoL, but no difference was found in HRQoL between

obese and non-obese individuals with myelomeningocele.9

Because of scarce and equivocal information, the first

purpose of the study was to describe participation and

HRQoL in a sample of adolescents and young adults with

myelomeningocele. Second, in order to examine whether

lifestyle interventions have the potential to improve partici-

pation and HRQoL in individuals with myelomeningocele,

this study explored whether physical activity, aerobic fit-

ness, and body fat were associated with participation and

HRQoL.

METHOD
Participants
Adolescents and young adults, aged between 16 and

30 years, were recruited from four university hospitals in

the western part of the Netherlands (Rotterdam, Leiden,

Utrecht, and Amsterdam) and all rehabilitation centres in

the south-west of the country. Exclusion criteria were the

following: inability to understand the measurements per-

formed in this study (as judged by the treating physician or

a family member); complete dependence on a powered

wheelchair; presence of disorders other than myelomenin-

gocele that affect physical activity (e.g. rheumatoid arthri-

tis); and contraindication for a maximal exercise test. We

invited 171 individuals, of whom 51 participated in the

study (response 30%). The main reasons for non-participa-

tion were lack of interest, or time or duration of the mea-

surements. No difference was found between participants

and non-participants regarding age, sex, lesion level, and

presence of hydrocephalus, as tested with an independent

t-test or v2 test.2 All participants and parents of adolescents

aged less than 18 years gave written informed consent

before participating in the study. The medical ethics com-

mittees of Erasmus MC and of all the participating insti-

tutes approved the study. Information about the

neurological level of lesion and presence of hydrocephalus

was obtained from medical records. Hydrocephalus was

considered to be present when a shunt had been placed. In

two participants, hydrocephalus was mentioned in the

medical record at some time, but no shunt was placed. We

assumed that this was only minor hydrocephalus and there-

fore we categorized these participants as not having hydro-

cephalus.1

According to the classification of Hoffer,14 partici-

pants were categorized as ambulatory (including com-

munity ambulators, n=15, and household ambulators,

n=8) or non-ambulatory (n=28, also including non-func-

tional ambulators). Education level was categorized as

low (pre-vocational practical education or lower level)

or high (secondary theoretical education and higher

education).

Participation
Participation was assessed using the Life Habits Question-

naire (LIFE-H).15 The short version, the LIFE-H 3.0,

consists of 69 life habits covering the following 12 catego-

ries: nutrition, fitness, personal care, communication,

housing, mobility, responsibilities, interpersonal relation-

ships, community life, education, employment, and recrea-

tion. The first six categories refer to daily activities

whereas the others are associated with social roles. The

scoring is based on two specific elements: (1) the degree of

difficulty in performing life habits (no difficulty, with diffi-

culty, with substitution, or not accomplished); and (2) the

type of assistance required performing the habit (no help,

technical assistance or adaptation, human assistance). Both

elements are combined in a scale ranging from 0 to 9, with

0 indicating total handicap (or no participation; the activity

or social role is not accomplished or achieved) and 9 indi-

cating optimal participation (the activity is performed

without difficulty and without help). The mean scores for

the two subdomains (i.e. daily activities and social roles)

were calculated. A mean score of 8 or higher indicates no

difficulty in performance either with or without assistance

or assistive devices, and a score below 8 indicates difficulty

in performance.

Health-related quality of life
The Medical Outcomes Study 36-item Short-form Health

survey (SF-36)7,16 was used to assess HRQoL in several

domains: physical functioning, social functioning, role lim-

itations due to physical problems, role limitations due to

emotional problems, pain, mental health, vitality, and gen-

eral health perception. All raw scores were linearly con-

verted to a 0 to 100 scale providing sum scores for each

domain. In addition, scores were summarized in two main

scores, which were: a physical component summary (PCS)

and a mental component summary (MCS). Higher domain

and summary scores indicate higher levels of functioning

or well-being.16
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Lifestyle-related factors
Physical activity
The duration of dynamic activities (composite measure of

the separately detected activities walking, including walk-

ing on stairs and running, cycling, general movement, and

wheelchair-driving) was objectively assessed during two

consecutive weekdays using an accelerometry-based activ-

ity monitor (Vitaport 3, Temec Instruments, Kerkrade, the

Netherlands). The activity monitor has been shown to be a

valid and reliable instrument to quantify mobility-related

activities, including wheelchair-driving.17,18 Participants

were fitted with the activity monitor at their homes and

were instructed to perform their usual daily activities, but

not to swim or take a shower or bath during activity moni-

toring. Detailed procedures are described elsewhere.2 The

level of physical activity was defined as the average dura-

tion of dynamic activities on the first and second measure-

ment day, expressed in minutes ⁄ day.

Aerobic fitness
Aerobic fitness was assessed during a progressive maximal

exercise test, based on the McMaster All-Out Progressive

Continuous Cycling and Arm test19 Depending on

whether the main mode of ambulation was walking or

wheelchair-driving, participants performed the test on an

electronically braked cycle ergometer (Jaeger ER800; Jae-

ger Toennies, Breda, the Netherlands) or arm ergometer

(Jaeger ER800SH) respectively. During the test, the resis-

tance was increased every 2 minutes with a variable load

(ensuring that the total exercise duration ranged from 8 to

12 min) until exhaustion. Detailed descriptions of the test

can be found elsewhere.20 Gas exchange was determined

continuously using a breath-by-breath portable measure-

ment system (K4b2, COSMED, Rome, Italy). Aerobic fit-

ness was defined as the mean oxygen uptake during the last

30 seconds of exercise (peakVO2, in l ⁄ min).

Body fat
The thickness of four skin-folds (biceps, triceps, subscapu-

lar, suprailiac) was measured twice on the right side of the

body with a calliper (Harpenden, Burgess Hill, UK) and

the average sum (in mm) was used as an indicator of body

fat. This technique was considered valid based on 2 to 3%

differences with weighing under water.21 Data of two non-

ambulators were reported as missing because the skin-fold

thickness was beyond that of the calliper jaws (80mm).

Statistical analyses
Results are presented as mean and SD or percentages of

the group. In addition, group percentages of adolescents

and young adults with difficulties in daily activities and

social roles (score <822) are presented. Sum scores of the

eight domains of the SF-36 were compared with the mean

scores of a Dutch reference population aged 16 to

40 years7 using a one-sample t-test. The PCS and MCS

were compared with a Dutch reference sample aged 20 to

29 years.23

Because data on participation and HRQoL were not

normally distributed among our study sample, the out-

come measures were dichotomized. The subdomains daily

activities and social roles of the LIFE-H were dichoto-

mized into difficulty (0) and no difficulty (1). Because clini-

cally relevant cut-offs for good and poor PCS and MCS

scores on the SF-36 are unknown, the median score (44.0

for PCS and 57.8 for MCS) was used to identify individuals

with relatively low HRQoL (0) and high HRQoL (1)

within the study sample.

Separate logistic regression analyses were conducted to

model the outcome measures. For each outcome measure,

the independent variables physical activity, aerobic fitness,

and body fat were included one at a time to accommodate

the small sample size. The following variables were

checked for potential confounding: age, sex, ambulatory

status, and level of education. Age and level of education

were not confounders and, therefore, these two personal

factors were studied as separate independent variables for

each outcome measure. Sex (0=female; 1=male) and ambu-

latory status (0=non-ambulator; 1=ambulator) were con-

founders, adjusted for in the analyses. In the relationships

with aerobic fitness, ambulatory status was used as a proxy

for type of ergometer because of the high collinearity

between the two variables.20 Adjusted odds ratios (OR),

including 95% confidence intervals, were presented. Nage-

lkerke R squares (R2) were reported as an indicator of

goodness of fit and p£0.05 was considered significant.

RESULTS
Table I presents the personal characteristics of the partici-

pants and the results of the physical activity, aerobic fitness,

and body fat assessments.

Participation
Overall, 63% of the participants had difficulties in daily

activities, mainly in personal care, housing, and mobility,

and 59% had difficulties in social roles, in particular with

recreation and employment (Table II). Several personal

factors were related to participation (Table III). Males

were more likely to perceive no difficulty in daily activities

than females (OR=7.1; p=0.004). Ambulators were more

likely to perceive no difficulty in daily activities (OR=11.3;

p<0.001) and social roles (OR=4.7; p<0.001) than non-

ambulators. Adjusted for sex and ambulatory status, indi-
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viduals with a higher education level had fewer difficulties

with social roles (OR=5.0; p=0.03).

Health-related quality of life
The mean PCS score was 43.1 (range 24.0)58.9) and the

mean MCS score was 55.0 (range 24.8)68.8; Table II).

Adolescents and young adults with myelomeningocele per-

ceived lower physical HRQoL than a Dutch reference sam-

ple (mean PCS score = 53.2; p<0.001), particularly in the

domains physical functioning and general health. In gen-

eral, they had higher scores on mental HRQoL than a

Dutch reference sample (mean MCS score = 47.8; p<0.001),

except for the domains vitality and social functioning.

Several personal factors were associated with HRQoL

(Table IV). Females were 3.4 times more likely to perceive

lower physical HRQoL than males (p=0.04). Nine males

and 16 females had low physical HRQoL. Furthermore,

low physical HRQoL was found in seven ambulators and

18 non-ambulators. Non-ambulators were 4.1 times more

likely to perceive lower physical HRQoL than ambulators

(p=0.02). Adjusted for sex and ambulatory status, a higher

age was associated with a lower mental HRQoL

(OR=0.86; p=0.04).

Lifestyle, participation, and health-related quality of life
Tables III and IV present the relationships between life-

style and participation and between lifestyle and HRQoL

respectively. Adjusted for sex and ambulatory status, indi-

viduals with higher levels of physical activity had fewer dif-

ficulties in daily activities (OR=8.8; p=0.02) and perceived a

higher physical HRQoL (OR=4.8; p=0.02). Individuals

with higher peakVO2 had fewer difficulties in daily activi-

ties (OR=29.7; p=0.02) and perceived a higher physical

HRQoL (OR=30.2; p<0.006). Lifestyle-related factors

were not associated with mental HRQoL.

DISCUSSION
The present study showed that many adolescents and

young adults with myelomeningocele had difficulties in

Table I: Descriptive results for personal and lifestyle-related factors
of adolescents and young adults with myelomeningocele (n=51)

Personal factors (%)

Sex, male 51

Level of lesiona

Sacral 14

Lumbosacral 41

Lumbar 29

Thoracolumbar 14

Thoracic 2

Hydrocephalusa 82

Ambulators 45

Educational level, lowb 33

Age, y mean (SD) 21.1 (4.5)

Lifestyle-related factors (mean [SD])

Physical activity (min ⁄ day)c 81 (62)

Aerobic fitness, peakVO2 (l ⁄ min)d 1.48 (0.52)

Body fat, sum of four skin-folds (mm)c 74.4 (38.5)

aAs reported in medical records; bpre-vocational practical

education or lower level; cn=49; dn=50.

Table II: Participation and health-related quality of life of adolescents
and young adults with myelomeningocele (MMC; n=51)

Participation (Life-H)

Mean

(SD)

Difficulties

(score <8), %

Daily activities

Nutrition 8.0 (1.4) 29

Fitness 7.8 (1.2) 36

Personal care 7.3 (1.7) 53

Communication 8.4 (0.8) 33

Housing 7.2 (1.2) 75

Mobility 6.5 (1.6) 74

Daily activities sub-domain 7.5 (1.0) 63

Social roles

Responsibility 8.1 (1.8) 22

Relationships 8.7 (0.6) 10

Community 7.4 (2.0) 41

Recreation 6.3 (1.8) 82

Education 7.4 (2.3) 32

Employment 7.5 (1.2) 56

Social roles sub-domain 7.5 (1.2) 59

Health-related quality of

life (SF-36)

MMC,

mean

(SD)

Reference

values,a

mean p-value

Domain

Physical functioning 46.8 (23.7) 93.1 <0.001

Role physical 77.8 (34.1) 86.4 0.08

Bodily pain 84.8 (20.1) 80.9 0.18

General health 69.2 (23.7) 78.2 0.01

Vitality 66.4 (15.9) 70.7 0.06

Social functioning 81.1 (24.8) 87.8 0.06

Role emotional 85.0 (29.3) 85.4 0.92

Mental health 77.3 (16.7) 78.7 0.54

Physical component

summary

43.1 (9.0) 53.2 <0.001

Mental component summary 55.0 (9.7) 47.8 <0.001

aDomain scores were compared with a Dutch reference population

aged 16 to 40 years from Aaronson et al.7 and the summary

scores with a Dutch reference population aged 20 to 29 years from

Blokstra et al.23 Life-H, Life Habits Questionnaire; SF-36, 36-item

short Form Health Survey.
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daily activities and social roles and that they perceived

lower physical HRQoL than a Dutch reference sample.

Individuals with higher levels of physical activity and aero-

bic fitness had fewer difficulties in daily activities and per-

ceived a higher physical HRQoL.

Participation
The finding that a large proportion of individuals with

myelomeningocele had difficulties in participation, particu-

larly regarding self-care, housing, mobility, recreation, and

employment, is in line with previous findings on depen-

dency in various activities of daily living4,5 and subnormal

levels of decision making and participation.4 Also, com-

pared with adolescents and young adults with CP with nor-

mal intelligence, individuals with myelomeningocele had

more difficulties in participation; 21% of individuals with

CP had difficulties in daily activities and 24% in social

roles22 compared with 63% and 59% in individuals with

myelomeningocele respectively.

Individuals who were wheelchair-dependent and individ-

uals with a low education level had more difficulties in par-

ticipation. Educational support was also found to be

important for work participation of young adults with

myelomeningocele.24 In comparison, in adolescents and

young adults with CP, participation restrictions were

mainly attributable to restricted gross motor functioning

and low education level.22 In addition to these associated

factors, to improve participation, it might be relevant to

focus on modifiable lifestyle-related factors.

Health-related quality of life
Lower physical HRQoL than reference values confirms

previous results.8,9 Also, the results on the different

domains of mental HRQoL were comparable to the results

from young adults with spina bifida aperta and hydroceph-

alus from the national ASPINE study.8 Non-ambulators

were more likely to perceive lower physical HRQoL,

which is in line with previous findings that individuals with

myelomeningocele with lower mobility and self-care ability

perceived lower physical HRQoL.25 Mental HRQoL was

not associated with ambulatory status. This is in contrast

to the study of Padua et al. in a small sample of adolescents

with spina bifida, who found that higher mobility and self-

care ability was correlated with higher psychological dis-

tress and more severe role disability because of emotional

problems.25

Table IV: Relationships between personal and lifestyle-related factors and health-related quality of life in adolescents and young adults with myelo-
meningocele (n=51)

Physical component summary Mental component summary

Low

(n=25)

High

(n=26)

Logistic regression

analyses
Low

(n=25)

High

(n=26)

Logistic regression

analyses

OR (95% CI)c p R2 OR (95% CI)c p R2

Univariate regression

Sex, n (%) male 9 (36) 17 (65) 3.4 (1.1, 10.6) 0.04 0.11 12 (48) 14 (54) 1.1 (0.4, 3.3) 0.89 0.06

Ambulatory status, n (%)

non-ambulatory

18 (72) 10 (39) 4.1 (1.3, 13.4) 0.02 0.15 11 (44) 17 (65) 0.5 (0.2, 1.5) 0.20 0.17

Multivariate regression

Personal factors

Education, n (%) low 8 (32) 9 (35) 0.7 (0.2, 2.7) 0.64 0.22 7 (28) 10 (39) 0.7 (0.2, 2.4)c 0.57 0.08

Age, mean (SD) y 22.4 (4.6) 19.8 (4.1) 0.87 (0.75, 1.00) 0.06 0.30 22.5 (4.6) 19.7 (4.1) 0.86 (0.74, 1.00) 0.04 0.18

Lifestyle-related factors

Physical activity,

mean (SD)

min ⁄ daya

54.4 (33.4) 108.2 (73.4) 4.8 (1.3, 17.8)d 0.02 0.40 83.0 (74.9) 78.6 (48.6) 1.1 (0.6, 2.2)d 0.71 0.07

Aerobic fitness

(peakVO2),

mean (SD) l ⁄ minb

1.17 (0.39) 1.78 (0.48) 30.2 (2.7, 342.1) 0.006 0.47 1.53 (0.59) 1.44 (0.48) 0.81 (0.2, 3.7) 0.78 0.09

Body fat (sum of four

skin-folds), mean

(SD) mma

82.6 (35.0) 67.2 (40.6) 1.00 (0.98, 1.03) 0.73 0.19 69.7 (32.9) 78.6 (43.0) 1.00 (0.99, 1.03) 0.52 0.10

an=49; bn=50, codds ratios (OR) adjusted for sex and ambulatory status for multivariate regression analyses. dIn the regression analyses,

physical activity is expressed in hours per day. CI, confidence interval; R2, Nagelkerke R square.
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Individuals with myelomeningocele perceived higher

physical HRQoL than adults with paraplegia, who had an

average PCS score of 29.26 In contrast to individuals with

myelomeningocele, who are restricted in mobility from

birth, mobility problems of people with paraplegia are

acquired at later ages, which may result in lower perceived

physical HRQoL. Furthermore, different results may be

related to age. The participants in our study were younger.

Older individuals with myelomeningocele perceived lower

mental and physical HRQoL, which underlines the need

to pay attention to improving HRQoL when patients are

growing into adulthood.

Lifestyle and participation
The present findings that higher levels of physical activity

and aerobic fitness were associated with fewer difficulties

in participation are in line with previous results in adults

with spinal cord injury showing higher levels of physical

activity to be associated with lower participation and dis-

ability.27 Our study does not support the suggestion of

Manns et al. that physical activity may play a more impor-

tant role in participation than aerobic fitness.27 On the

contrary, our results indicated that aerobic fitness not only

was associated with participation in daily activities but also

tended to have a relationship with social roles, whereas

physical activity did not. It is possible that increasing aero-

bic fitness may reduce physical strain and associated fati-

gue, which may result in increased performance in daily

activities and social roles. Because of the cross-sectional

study design, causality cannot be established and future

studies should confirm whether improving levels of physi-

cal activity and aerobic fitness has positive effects on the

performance of daily activities and social roles.

Lifestyle and health-related quality of life
The finding that physical activity and aerobic fitness were

positively associated with physical HRQoL illustrates the

importance of addressing physical activity and fitness in

the health care of adolescents and young adults with

chronic conditions such as myelomeningocele. However,

causality needs to be established in future studies, since it

may also be that participants were more physically active

because they perceived a higher physical HRQoL. The

median was used as an unbiased cut-off between relatively

lower and higher HRQoL within the study sample. Future

studies with larger sample sizes are warranted to study clin-

ically meaningful cut-off points between good and poor

HRQoL in adolescents and young adults with myelo-

meningocele.

No relationship was found between HRQoL and body

fat, which is in accordance with previous findings in

individuals with myelomeningocele, but in contrast with

findings in the able-bodied population.9 Furthermore,

unlike physical HRQoL, mental HRQoL was not associ-

ated with levels of physical activity and aerobic fitness, sug-

gesting that mental HRQoL may be more influenced by

factors other than lifestyle-related factors. Parental hope

and other family factors, positive attitudes, communication

efficacy, coping strategies, and social support were sug-

gested to be important.10,11

Study limitations
A selection bias may have occurred in that the more active

and fitter individuals with myelomeningocele had a higher

interest in participating in this study. This may lead to

problems in generalizability, since it may have underesti-

mated participation difficulties and overestimated HRQoL

in this population. This may also explain the finding that

participants in the present study perceived higher levels of

physical functioning and less pain compared with partici-

pants of the ASPINE study. The hypothesis that individu-

als with lower participation and HRQoL may benefit more

from improved physical activity levels and aerobic fitness

should be tested in future longitudinal studies.

Another limitation was the relatively small sample size

and, consequently, low statistical power. This may have

resulted in the large confidence intervals. The results will

have to be interpreted with some caution because the sam-

ple size was rather small with regard to the number of

independent variables (n=3) in the regression models.

The strength of monitoring physical activity with the

activity monitor is that it provides detailed objective infor-

mation on mobility-related activities in both ambulatory

and non-ambulatory individuals. Its weakness lies in the 2-

day monitoring, which hampered measuring an individ-

ual’s actual activity pattern. However, analyses of variance

showed that the variance between the two measurement

days was small enough to be able to distinguish active and

inactive people (intraclass correlation coefficient = 0.89).

Therefore, we assumed that the relationships from the

present study were reasonable.

Furthermore, the present study focused on self-per-

ceived HRQoL, rather than on generic quality of life and,

therefore, does not include concepts such as life satisfaction

or well-being. Results of the national ASPINE study

showed that adolescents and young adults with spina bifida

had similar overall life satisfaction as a population refer-

ence group, but had lower satisfaction with their sex life,

partnership relations, and self-care ability.28

In conclusion, a large proportion of adolescents and

young adults with myelomeningocele, in particular non-

ambulators and females, had participation difficulties and

perceived lower physical HRQoL compared with reference

values of the general population. People with higher levels

Lifestyle, Participation, and HRQoL in Myelomeningocele Laurien M Buffart et al. 7



of physical activity and fitness had fewer participation diffi-

culties and higher physical HRQoL. These findings illus-

trate that physical activity and fitness should be addressed

in health care. Whether improving levels of physical activ-

ity and fitness improves participation and HRQoL needs

to be confirmed in future studies.
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