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Abstract

Cerebral palsy people present movement difficulty and are liable to develop disorders associated
with sedentary lifestyles such as dyslipidaemias and cardiovascular diseases. This study aimed to
assess physical activity and the prevalence of lipid abnormalities in 29 children with cerebral
palsy who were being treated in two care centers in the state of Guanajuato, Mexico. Physical ac-
tivity was calculated using a survey. Blood glucose, total cholesterol, HDL-C, LDL-C, and triglyce-
rides were determined. Forty-eight percent had at least one dyslipidaemia. The most frequent li-
pid abnormalities were hypertriglyceridaemia and low HDL-C. High prevalence of the atherogenic
index was found. The physical activity of children was lower than recommended for their age. Six-
ty-two percent attended rehabilitation sessions, 10% attended sports classes, 14% rehabilitation
plus sports and 14% did not engage in intentional physical activity. There is high frequency of li-
pid disorders in children with cerebral palsy. Greater participation in physical activity should be
promoted in children to improve their metabolic status and quality of life, especially those suffer-
ing from cerebral palsy.
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1. Introduction

Increased life expectancy and increasing non-transmittable diseases will raise demand for care services and pro-
grams for certain populations [1]. Cerebral palsy (CP) is a static encephalopathy defined as a non-progressive
disorder of posture and movements, often accompanied by epilepsy and language disorders, vision and intelli-
gence disorders. This condition is due to a defect or injury in the developing brain [2]. People with CP present
health complications such as neurological, digestive, vision, hearing and locomotor system difficulties. Feeding
problems are the most common in children with cerebral palsy, which causes an inadequate energy intake [3]. In
assessing children with CP a high prevalence of chronic malnutrition manifested by growth retardation is com-
mon, as are deficiencies in the intake of micronutrients [4]. Although the relationship between CP and protein-
calorie malnutrition is known, there is little information about the reality of this relationship in developing coun-
tries.

Muscle contractures are the most common alteration in people with CP causing a decrease in their mobility
[2]. Young people with disabilities do not realize the amount of exercise recommended for the healthy young,
thereby increasing their risk of developing disorders associated with a sedentary lifestyle [5]. McMurray con-
ducted a longitudinal study in which healthy adolescents showed that low physical activity increases their risk of
developing metabolic disorders [6].

In the last ten years an increase in the prevalence of obesity in children with cerebral palsy has been observed
[7]. There is scanty information on metabolic disorders in people with CP. Some authors have reported the
presence of osteoporosis [8] [9]. Dyslipidaemia is a set of alterations, which include high levels of total choles-
terol, LDL-C and triglycerides and low levels of HDL-C. Dyslipidaemia is associated with obesity. However,
not only obese people have dyslipidaemia. The literature describes this syndrome as affecting people who are
“metabolically obese with normal weight”. In laboratory tests increased glucose, total cholesterol, triglycerides
and decreased HDL-C levels have been found. This syndrome is present in 5% to 45% of the general population
[10]. Mexico has shown a high prevalence of dyslipidaemia in adults [11]. In 2004 Moran reported 9.5% of
hypertriglyceridaemia and 20% of low HDL-C in a group of adolescents in Mexico [12]. Because people with
CP have difficulty to move they are prone to dyslipidaemia. The aim of this study was to evaluate the lifestyle in
children with cerebral palsy and its impact on health.

2. Methods
2.1. Subjects

We evaluated the state of health, nutrition and physical activity in 29 children with CP diagnosis in two multiple
care centers in the state of Guanajuato between January and July 2011. Twelve children went to the Multiple
Assistance Center rural area, San Felipe Torres Mochas, and 58.7% (17 children) from the urban area of Leon
City. Children from 2 to 13 years of both genders (13 men, 16 women) were included.

2.2. Procedure

Permission from managers to carry out the study in multiple centers in the municipalities of San Felipe and Ledn,
Guanajuato was required. Family members or tutors of children were fully informed of the purpose and proce-
dure of the study. Parents signed an informed consent form, and verbal consent was also sought from partici-
pants. The protocol was adhered to established ethical guidelines for persons with mental or physical disability.

At the first visit, a complete medical history, 24-hour recall and physical assessment were performed. Anth-
ropometric evaluation was performed by a certified anthropometrist following the recommendations of the In-
ternational Society for the Advance of Kinanthropometry (ISAK). When the children were unable to stand, the
length of the tibia (LT) of the right leg was measured, the height was obtained using the formula (3.26 x LT) +
8.30 [13]. In order to classify the BMI, were used the cut off points suggested for children with CP [14].

2.3. Classification of Motor Function

The severity of CP was classified according to the classification system for gross motor function (GMFCS) and
the capacity for selective motor control (SCM) [15]. The GMFCS is a classification system with 5 levels ac-
cording to age. Distinction between the levels of motor function is based on functional limitations, the need for
supportive devices, and the quality of movement. Level 1) Children that walk in and out of home, climb stairs
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without limitations. Level 2) Children, who walk in and out of home, climb stairs with support, but experience
difficulty walking on irregular surfaces and slopes. Level 3) Children that walks with the assistance of a device
inside and out of home, but do not climb stairs. Level 4) Children who travel in wheelchairs before the age of six.
Level 5) Children physically restrained to maintain the posture of the trunk and head. To determine the degree of
SCM participants were sat and asked to extend the knee and then perform a dorsiflexion, the evaluation was
conducted on both legs. The score was assigned according to van Eck and the result is expressed in categories of
poor, moderate and good selective control [16].

2.4. Physical Activity

The information was obtained using a questionnaire. For the present study intentional physical activity in a sport
or rehabilitation assistance program was considered. Relatives of the participants were asked the number of ses-
sions conducted per week for children taking into account the rehabilitation and sports attendance, and the dura-
tion of each session. We report the average number of minutes of these activities per week. Then we subdivided
the group into appropriate frequency of physical activity if the child performed at least 3 sessions of 30 minutes
a week.

2.5. Metabolic Evaluation

We checked children at their rehabilitation centers and asked parents not to give any food after 21:00 hours the
day before the review. It took 12 ml of blood from the antecubital vein. The samples were refrigerated for
transport and all tests were performed before 10:00 hours. The blood chemistry tests were performed at Depart-
ment of Applied Work Sciences. Glucose was measured using glucose oxidase/peroxidase method (Spinreact,
interassay CV 1.2%, interassay CV 2.7%), and the total cholesterol and triglycerides by enzymatic colorimetric
method (CV Spinreact interaensayo 0.71%, CV interassay CV 1.4% and interaenssay 0.6%, interassay CV 1.8%
respectively). HDL fraction was determined by spectrophotometry at 505 nM (CV Spinreact interassay 1.1%,
interassay CV 2.72%). LDL fraction was calculated according to the Friedewald formula. The classification of
dyslipidaemias was performed based on the age and sex cutoff points, according to the American Academy of
Pediatrics [17]. In addition, the atherogenic index was calculated by dividing the total cholesterol/HDL-C. This
index is considered a cardiovascular risk estimator, and it was interpreted as high when the score was 4.5 or 5.0
for women and men, respectively.

2.6. Statistical Analysis

The analysis was performed in Stat soft look 7.0. A comparison of continuous variables was performed using a
Student’s T test. The data was presented in tables and figures, reporting percentages, mean and standard devia-
tion.

3. Results

Twenty nine participants (13 male and 16 women) were evaluated and 100% had bilateral motor condition. A
child was fed through a gastrostomy tube, whilst the rest of the children were able to swallow.

The general characteristics of the participants are shown in Table 1. The average age was 8. The group from
Leon was older and taller compared to the group of children from San Felipe (p < 0.05).

3.1. Motor Function

Table 2 shows the characteristics of the gross and selective motor function. Seventeen participants had the
maximum degree of disability of the gross motor function (level 5). Seven participants depended on some form
of mobilization (levels 3 and 4), and 5 were able to walk without difficulty (level 2). Forty eight percent of the
population studied presented poor selective motor control, 25% moderate and only 27% had adequate selective
control.

3.2. Anthropometric Measure

Anthropometric measurements were conducted under ISAK rules. The technical error rate was 2.6%. Most par-
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ticipants were classified as underweight (59%). Overweight children were a minority (3%) and the rest had
normal weight (38%).

Taking into account the triceps skinfold, 7% had mild deficits, 45% moderate deficiency and 45% severe def-
icit. Only 3% were classified as normal weight according to triceps skinfold. When comparing groups from
Leon and San Felipe no significant differences in BMI, weight, and triceps skinfold thickness were found
(Table 1).

3.3. Physical Activity

Sixty two percent of children evaluated went to rehab sessions, 10% to sports lessons, 14% to rehabilitation ses-
sions in addition to sports classes and 14% did no intentional physical activity. Only 21% of subjects tested did
more than 3 workouts per week. The most frequent activities were rehabilitation, walking and swimming. Three
children have participated in Special Olympics Games. The group averaged 135.3 + 79.6 total min/week of in-
tentional physical activity, no difference was found when comparing the time of activity between the groups
(Table 1).

Table 1. General characteristics of participants.

Total Leon San felipe p
n=29 n=17 n=12
Age (years) 81+38 9.6+3.2 59+38 0.007
Physical activity (min/week) 135+ 80 159 £ 90 105 + 52 0.084
Weight (Kg) 17.8+6.6 19.4+57 155+7.3 0.12
Tibia length (cm) 241+51 26.1+4.4 21.3+49 0.01
Height (cm) 110 + 17 117 + 14 100 + 16 0.006
BMI (Kg/m?) 143+37 13.9+27 149+49 0.48
PCT (mm) 6.5+23 6.4+24 6.6+24 0.84
Hemaoglobin (gr/dl) 144+11 147+11 14112 0.17
Hematocrit (%) 41.2+3.2 413+27 41.1+39 0.84
Lymphocytes (%) 47.1+10.1 46.7+8.7 47.4+12 0.87
Glucose (mg/dl) 82.8+25 84.2 £ 32 80.9+7.3 0.75
Total cholesterol (mg/dl) 146 £ 26 148 £ 25 143 £ 30 0.61
LDL-C (mg/dl) 91.9+26.5 95.7+22.6 85+32.8 0.23
HDL-C (mg/dl) 39.1+125 34.9+102 46.3+135 0.03
Al ((mg/d1)/(mg/d1)) 42+1.74 46+17 34+16 0.13
PTC, triceps skinfold. BMI, body mass index. Al, atherogenic index.
Table 2. Classification of motor function in participants.
Total group Leon San felipe
n=29 n=17 n=12
GMFCS

Level 1 0 0 0

Level 2 5 2 3

Level 3 4 4 0

Level 4 3 2 1

Level 5 17 9 8

SCM
Poor 14 6 8
Moderate
Good 8 5 3

Classification of motor function as described in methods.



M. H. Macias-Cervantes et al.

3.4. Biochemical Evaluation

The results of the hematic biometry were within normal ranges. Two children had glucose levels higher than 126
mg/dL confirmed on 2 occasions. Lipid levels are described in Table 1. When comparing groups, children from
San Felipe showed higher levels of HDL-C (p = 0.03), the remaining variables showed no difference. The clas-
sification of dyslipidaemias is shown in Figure 1. Fifty two percent of the children studied did not have dyslipi-
daemia, 22% had a dyslipidaemia, 17% two and 9% had 3 dyslipidaemias. The most frequent dyslipidaemias
were low HDL-C and triglycerides (Table 3). In analyzing the atherogenic index we found that 5 (22%) children
have higher risk of developing cardiovascular disease in the future.

4. Discussion

The results of this study showed a high prevalence of dyslipidaemias and low levels of intentional physical ac-
tivity in children with CP. Cardiovascular disease prevention should begin in childhood because lipid levels in
childhood are associated with intima-media thickness in the carotid arteries in adulthood so that the higher the
level of lipids the greater the risk of developing cardiovascular disease [18]. In this study, the population diag-
nosed with dyslipidaemia was 48% of children, higher than 37% of dyslipidaemia in Mexican adolescents.
Marcos-Daccarett studied the prevalence of dyslipidaemias in adolescents with normal weight (20.8%) and ob-
ese (56.6%) separately. It is noteworthy that studied children with CP showed double the prevalence of dyslipi-
daemia compared to normal weight children studied by Marcos-Daccarett in the north of México [19]. In calcu-
lating the atherogenic index, which is an estimate of cardiovascular risk, we found that 22% of the population in
the study was at increased risk, in line with what has been reported for Colombian children. However, 14% of
the population studied by Uscategui in Colombia had higher weight (overweight or obesity) and thus we believe
that children with CP present prevalence of dyslipidaemia similar to those from children who are overweight or
obese [20].

Dyslipidemia (%)

TC TG HDL-C LDL-C

Figure 1. Prevalence of dyslipidaemias in participants. TC,
total cholesterol. TG, Triglycerides.

Table 3. Distribution of dyslipidaemias.

N Normal Bordering High Lost™
Total cholesterol 25 20 3 2 0
HDL-C 22 10 4 8 3
LDL-C 22 16 5 1 3
Triglycerides 25 9 8 8 0

Data are expressed in numbers of cases. "Not enough sample data.
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Dyslipidaemia involves risk factors for developing hypertension [21], specifically elevated triglyceride levels
that increase the risk of developing cardiovascular disease [22]. Hypertriglyceridaemia was one of the most pre-
valent lipid abnormalities in children with CP. This is in line with those reported by Buchaka et al., who studied
a group of diabetic children with low physical activity [23]. In a group of children studied in Guadalajara a posi-
tive association between triglycerides levels and serum insulin was found. HDL levels were also associated in-
versely with serum insulin levels [24]. Previous studies lay the groundwork for a potential development of
hypertension and endothelial injury through the phenomenon of insulin resistance in children with CP and dysli-
pidaemia.

Low levels of HDL-C increased the prevalence of cardiovascular diseases, the above becomes an important
therapeutic target in early prevention of diseases [25]. A review showed that aerobic exercise in adults promotes
the reduction of triglycerides and total cholesterol while increasing HDL-C [26]. Serum lipid levels can be mod-
ified through diet or exercise; however, a randomized clinical study showed that HDL-C levels are increased in
children when they have changes in diet and exercise programs, but they do not increase if only diet is used [27].
It has also been shown that physical activity, even low-intensity, decreases non-HDL cholesterol and triglyce-
rides, and increases HDL cholesterol levels in animal models and humans [26] [28].

58% of children studied had high dependency for mobility (level V GSMCS), so dependent on help from rela-
tives for their activities. On average these children spent 135 minutes/week doing physical activity. “The Decla-
ration of Acapulco” suggests that Mexican children to do at least 150 minutes/week of physical activity [29].
Children from the Leon city group met the average recommended time, unlike the children from San Felipe. It is
worth clarifying that the “Declaration of Acapulco” sets the minimum time recommended to preserve the health
of a child without limiting mobility. A recent study showed that training 210 minutes/week, combining aerobic
and anaerobic activities, improved maximum oxygen consumption (VO, max) and mobility thick (GSMCS) in
adolescents with CP [30]. Therefore more research should be conducted to determine if training for 210 mi-
nutes/week can improve the metabolic profile in children with CP and dyslipidaemia. Exercise programs in
children with CP have been shown to improve physical ability, level of participation and quality of life for par-
ticipants [30]-[32]. In this sense we should emphasize the importance of promoting physical activity in children
with CP and low HDL-C. One of the most common lipid abnormalities in children with CP was low HDL-C.
Children with CP may benefit from an appropriate exercise program to improve neuromuscular coordination and
potentially improve metabolic control. For future researches it is recommended to include a high number of fa-
cilities in order to have a representative sample. Add the nutrition habits of children should be evaluated to de-
sign best interventions and improvement the quality of life in children with CP.

5. Conclusion

The results of this study show a high prevalence of dyslipidaemias and little time spent doing intentional physi-
cal activity in children with cerebral palsy. Greater participation in physical activity should be promoted for
children with CP to improve their metabolic state and quality of life.
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