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Abstract: Aim: To examine the effect of treadmill walking on over-weight to obese females with unspecified mild ID 

(intellectual disability). 

Method: Randomized assignment to an aerobic exercise group (G1, n = 6) and control group (G2, n = 3). The G1 

performed mild to moderate intensity walking for 25-45 minutes per exercise session, 3-5 times per week up to a weekly 

walking of 150 minutes, for 32 consecutive weeks. The G2 maintained routine daily activities. 

Results: The mean age of the study subjects was 57.2 ±7.5 year, BMI was significantly decreased at the conclusion of the 

intervention (P = 0.005). In the G1, the subcutaneous fat area was also significantly decreased (P = 0.005) but not in G2. 

No change was there in the visceral fat area of both groups. The quadriceps muscle maximal isometric muscle strength of 

the G1 and G2 did not change. 

Conclusion: Long term mild to moderate intensity of aerobic physical exercise for over-weight to obese women with ID is 

a feasible and effective plan in reducing subcutaneous fat mass, while muscle strength remains unchanged. 
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INTRODUCTION 

 A sedentary life style and westernized diet pattern can 
cause obesity, which is a serious health threat [1]. Fat 
accumulation and especially visceral fat (i.e., abdominal fat 
that surrounds the vital organs on the trunk and stomach area 
of the body) is associated with cardiovascular diseases type 
II diabetes, metabolic syndrome, excess weight, weakness, 
falls and fatigue [2,3]. Adults with intellectual disabilities 
(ID) experience high rates of obesity. Despite this higher 
risk, there is little evidence on the effectiveness of weight-
loss interventions for adults with ID and obesity. Previous 
studies in this population have reported a higher inactivity 
rate [4,5]. For the treatment of the obesity, physical exercise 
(PE) for longer than 30 minutes every day is recommended 
by the US Department of Health and Human Services, and 
specifically aerobic exercise with the moderate intensity of 
40-70% of the maximal heart beat, for at least 150 minutes 
per week [6]. 
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 Numerous studies have examined the effect of aerobic 
exercise training on physical and mental health [7,8]. Thus, 
aerobic exercise can decrease visceral and subcutaneous fat 
more effectively than other exercise methods [9,10]. 
However, to our knowledge there are no studies that 
analyzed the effect of aerobic exercise on older adults with 
ID. Compared with counter parts without ID, older adults 
with ID are generally less physically active [11], and their 
lifestyle and health behaviors (e.g., social participation, diet, 
leisure hours) are often markedly different [12]. The 
combination of aging, obesity and cognitive disability 
imposes greater demands on the person and the caregivers in 
performing activities of daily living, and could increase 
health care costs associated with the multiple health 
impairments. Obese older adults are particularly susceptible 
to comorbidity and sarcopenia (the involuntary loss of 
skeletal muscle), and the combination of muscle loss and fat 
gain may act synergistically to increase risk for functional 
decline and physical disability [13,14]. 

 We hypothesized that long term aerobic PE would 
produce significant weight loss and improvements in muscle 
strength compared with a non PE control group. 

 Despite the knowledge that regular exercise can improve 
many of age-related abnormalities, it remains unclear how 
much exercise is optimal to achieve this improvement and  
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whether aged ID women can reduce body fat and improve 
muscle strength to a degree similar to that is observed in 
healthy counterpart individuals. Previous studies [15,16] 
reported that the magnitude of the PE adaptation in aging is 
dependent on intensity and duration, and the lower the 'dose' 
the longer the intervention. Therefore, PE for aged people 
should last several months (> 6 months) to bring about 
physiological adaptation and these changes can be seen 
following slow, gradual increased and prolong training 
[17,18]. 

 The aim of the study was to monitor the long term effects 
of PE on fat and muscle mass, and maximal isometric 
muscle strength. 

METHOD 

 Subjects were recruited for this longitudinal-sectional 
study from the same residential care or supported living 
center, and they were all exposed to the same life conditions 
and diet regime that existed at the facility. 

 Eligibility criteria to participate in the study were women 
with unspecified mild to moderate ID (diagnosed after birth 
before age of three years) and with over-weight to obese 
constitution. For the purpose of this study we classified the 
subjects into two categories on the basis of clinical cut off 
points of body mass index (BMI) for overweight and obese 
that is used by the general community. Overweight as BMI = 
27-28.5 kg/m

2
, and obese as BMI > 28.5 kg/m

2
. Women 

older than 50 years, living in the residential care center for at 
least five years, being able to understand and follow simple 
orders, required no assistance for their daily activities, and 
not currently dieting or losing weight could join the study. 

 Exclusion criteria were women suffering from any 
specific IDD such as Down syndrome, a significant 
underlying disease likely to increase risk of intervention such 
as diabetes, cardiovascular disease, major psychiatric 
morbidity, active or painful degenerative joint disease at the 
lower extremities, cancer, fasting blood glucose >110 
mg/dL, resting blood pressure >160/90 mmHg) and taking 
certain medications like systemic corticosteroids, antibiotics 
or chemotherapeutic drugs. 

 Potential subjects were screened by the study physical 
therapist and by the in house nutritionist to assess their 
physical, general health and motivation to successfully 
complete 32 weeks of 3-5 times a week physical exercise. Of 
16 who were found eligible to participate in the study after 
screening, only nine women met the study inclusion and 
exclusion criteria, range age from 51.2 to 62.1 (57.2 ±7.5 
years old) with a body mass index (BMI) greater than 27 
kg/m

2
. This study was approved by the Institutional Review 

Board and written consent was obtained from their legal 
guardians. 

Study Protocol 

 A single-blinded study design where personnel 
responsible for testing were blinded to the subjects’ 
randomized assignment. This intervention represented a pilot 
study that was also designed to investigate the feasibility, 
acceptability, and efficacy of the long term physical exercise 
among older women with mild ID. 

 Subjects were randomly assigned to 32 weeks of PE (G1, 
n =6), and non PE group (G2, n =3). Measurements were 
made before starting (T1), three months later at a follow-up 
(T2) and at the end of the PE program (T3). The 
measurements included body mass index (BMI), 
subcutaneous and visceral fat and muscle mass determined 
by bioelectrical impedance analysis (BIA) (Tanita TBF-
300A, Tanita Europe BV, Middlesex UK). Good to excellent 
Pearson correlation coefficients (> 0.69-0.96; Concordance 
with 95% Confidence interval) was reported between 
baseline DEXA and Tanita-BIA measures of body 
composition by gender [19]. Height was determined using a 
fixed wall-scale measuring device to the nearest 0.1 cm. 
Weight was determined within 0.1 kg for each subject using 
an electronic scale, calibrated before each measurement 
session. Pelvic circumference (in standing position with 
weight evenly distributed on both feet and legs slightly 
parted), between greater trochanter, and thigh circumference 
(in standing position, 20 cm above base of patella) were 
measured in duplicate manner using a flexible plastic tape. 
All assessments were conducted in the morning after a 12 
hour fast. Weight and body fat were assessed wearing light 
clothing, bare foot and socks off. 

 Maximal knees extension strength was measured using 
handheld dynamometer. Quadriceps isometric muscle 
contraction was assessed on muscles of both legs in triplicate 
manner, two minutes apart from each trail. The mean score 
between the second and the third trial were calculated. 
Subject was sitting upright on a high chair thus lower limbs 
were placed on a stool, and upper limbs positioned crossed 
over the subjects' shoulder. The knee joint was kept fixed 
with the limb fixed to a brace at 45 degrees flexion; the 
manual isometric resistance for muscle contraction was 
given at the lower part of the tibia, just above the foot and 
lasted five seconds. The order given to the subject was ‘press 
or push against my hand as much as you can for few 
seconds’. Handheld dynamometer Lafayette instrument 
(Lafayette, IN, Model 01163) weights of 300g and it obtains 
torque values through a series of basic calculations. It is 
sandwiched between the examiner’s hand and the subject’s 
limb, and provides a ‘‘readout’’ of force. For increased 
sensitivity the measurement range of this instrument is 0-300 
pounds (136.1 kilograms) or 0-50 pounds (22.6 kilograms). 
Two values were used for statistical analyses: Torque or 
peak force (Kg) and peak time (seconds): The peak force is 
the peak pounds or kilograms applied during a test. The peak 
time value is the time during the test when the peak force 
occurred. The torque was measured in units of Newton 
meters (Nwm) (1 pound = 4.45 Newtons; 1 kilogram = 9.81 
Newtons). The interrater reliability for handheld 
dynamometers was reported as good to excellent when used 
with a standard procedure [20]. 

Physical Exercise 

 The physical exercise (PE) intervention consisted of 
aerobic exercises. Walking on a treadmill was the only mode 
of aerobic activity used. After the first two weeks of 
adaptation, subjects were encouraged in terms of convienient 
time and friendly atmosphere to meet a weekly walking goal 
of 150 minutes. Subjects were supervised by the physical 
therapist aid. Each walking session started with a brief 
warm-up and followed by a cool-down period. Subjects 
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completed at least 25-minutes of walking during each 
session and never exceeded 45 minutes per session. The 
subjects were introduced to the intervention exercises in a 
structured way so that they began with lighter-intensity 
walking and gradually increased the speed. Following the 
initial of two weeks of adoption phase, each subject was 
instructed to begin walking at a faster rate yet with 
comfortable mode and safe intensity level. Subjects could 
use the handrails for balance. The Borg Perceived Exertion 
scale (a 15-point self-assessment tool that ranges from 6 to 
20), was used to help subjects and examiner estimate and 
record the intensity level at which they were walking [21]. 
Subjects were encouraged to walk at an intensity level of 10-
13 (activity perception "fairly light to somewhat hard"). The 
intensity of the walking speed was recorded at each session 
using metabolic equivalent of task (MET). Adherence to the 
PE participation and session completeness recorded during 
the course of the intervention. Throughout the PE program 
the care givers of the subjects were asked to report any 
adverse or positive physical or psychosocial effects of the 
intervention. The subjects in the control group were asked to 
maintain their usual dietary intake and physical activity 
patterns and not to engage in any intentional effort aimed at 
weight loss for 32 weeks. 

Statistical Analysis 

 Since the present study design was a pilot study we did 
not calculate sample size for power analysis. The means 
(95% confidence intervals [CI]) and standard deviations of 
variables were computed at baseline (T1) and at the end of 
the study (T3). The main outcomes of interest were change 
from T1 to T3 for (a) BMI, (b) fat and muscle mass, (c) knee 
extension isometric strength, and (d) total walking time, 
speed and distance. Descriptive analysis for continuous 

variables included means and standard deviation. Differences 
in the change from T1to T3 were tested using a student's t-
test. All analyses were conducted using the SPSS version 12 
software package. Differences were considered significant if 
p < values were lower than 0.05. 

RESULTS 

 Two subjects dropped out from the intervention, three 
and four weeks post initial intervention due to respiratory 
stress and lack of motivation, respectively. Therefore, 
statistical analyses were done on G1 n= 4, and G2 n= 3. 
None of the subjects reported musckoloskeletal pain during 
the study. Characteristics of the study subjects are shown in 
Table 1. 

Changes in Weight and Body Composition 

 At the beginning of the intervention body weight and 
body composition were comparable between G1 and G2. 
Subjects randomized to the PE group lost during the 
intervention significantly weight (mean = 4.35 ±0.8 kg, p = 
0.005), whereas the subjects in the control group did not (P = 
0.32). Consequently, mean BMI of the G1 declined from 
29.3±3.4 kg/m

2
 at T1 to 27.8±3.8 kg/m

2
 at T3. 

 A significant decline was recorded in mean pelvic 
measurement (95% CI; p= 0.005) (from 101.2 cm at T1 to 
98.6 cm at T3). Subcutaneous fat percentage was 
significantly reduced (95% CI; p= 0.005) from 36.7±4 at T1 
to 34.1±3 at T3. Visceral fat % was unchanged. 

Changes in Muscle Mass and Knee Extension Strength 

 Muscle mass as measured by thigh circumference and 
BIA (Tanita TBF-300A) was unchanged in either G1 or G2. 

Table 1. Characteristics of Study Subjects (M and ±SD) 

 

Exercises Group (G1) n= 4 Control Group (G2) n=3  

T1 T3 T1 T3 

p Value 

Age (ys)  57.2 ±7.5  56.3 ±4.2   NS 

BMI (kg/m2)  29.3±3.4  *27.8±3.8 28.7±4.5 28.8±3.9 0.005 

Circumference (cm): 

Pelvic 101.2±5.4 *98.6±4.4 103.2±7.7 102±8.2 0.005 

Thigh 52.8±3.5 53.1± 3 52.1±4 51.8±3.5 NS 

Fat (%): 

aSubcutaneous 36.7±4 *34.1±3 35.8 ±5 35.2±5 0.005 

bVisceral 10.3 ±0.08 10.1± 0.07 9.9 ±0.06 10.1± 0.07 NS 

Muscle mass (%): 

Total body MM 19.3±2 20.8 ±2 19.7 ±3 19.35±2 NS 

Knee extension [Torque] (Nwm): 

Peak force (Kg) 17.3±0.8 17.7±1.1 17.1±1.0 17.0 ±0.9 NS  

Peak time (seconds) 3.15±0.7 2.75±0.9 3.05± 0.8 3.10±0.8 NS 

*p value based on total group comparison: T1 versus T3 
aNormal values of Subcutaneous Fat % for women older than 50 years: 19-22 'good'; 23-31 'average'; 32-34 'moderate'; > 34 'bad' (Jackson AS, Pollock ML, Ward A. Med Sci Sports 

Exerc. 1980). 
bNormal values of Visceral Fat % for women older than 50 years: 1-9 'normal'; 10-14 'high'; > 15 'very high' (Browning LM et al., Obesity, 2010). 
Abbreviation: M- Mean ; SD- Standard deviation ; NS- not significant; BMI- Body Mass Index ; MM- muscle mass; Nwm- Newton meters. 
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Mean but insignificant improvement in total body muscle 
mass % from 19.3±2 at T1 to 20.8 ±2 at T3 was recorded in 
G1. 

 There were no significant differences between G1 and 
G2 regarding knee extension strength at T1. At T3 in G1 
aerobic walking slightly and insignificantly improved muscle 
strength from baseline (T1). Mean but insignificant 
improvement in isometric contraction of quadriceps from the 
following values: torque or peak force 17.3 Kg at T1 to 17.7 
Kg at T3; and peak time 03.15 at T1 to 02.75 at T3. 

Attendance and Walking Outcome Measurements 

 Four subjects (out of five) concluded 32 weeks of aerobic 
training. The attendance at exercise sessions was 80% (n=2) 
for three times a week, 10% for four times a week (n=1), and 
10% for five times a week (n=1). Two of the subjects met 
the walking goal of the program and reported walking of 150 
minutes per week, and the mean walking time (n=4) was 
142±22 minutes per week. The mean walking session was 88 
(out of maximum 144), the mean walking speed was 4.5 
km/h, the mean walking distance per session was 2.6 km, the 
mean of total walking distance (km) over 32 wks was 
228±35, and the mean walking intensity as measured by 
MET was 4.6. The walking outcome measurements are 
shown in Table 2. 

Table 2. Outcome Measurement Scores (M and ± SD) of 

Physical Exercises at the End of the Intervention 

(T3) (n=4) 

 

Walking (min/wk)  142 ±22 

Walking session (no)  88/144 

Walking speed (km/h) 4.5±0.6 

Walking distance/session (km)   2.6±0.9 

Total walking distance (km, 32 wks)  228±35 

Walking intensity (MET)   4.6±0.5 

M- Mean; SD- Standard deviation; MET - metabolic equivalent of task. 

 

DISCUSSION 

 The major finding of this study was that long term of 
aerobic physical exercise intervention produced significant 
weight loss in over-weight to obese women with ID. 
Subjects in the intervention group lost 4.35% of their initial 
body weight. Muscle strength was maintained in both the 
intervention and control groups. Moreover, despite the 
elongation of the intervention the mean attendance was good 
(> 76%), i.e., all subjects completed 32 weeks of aerobic 
exercise sessions, attending to at least three times a week. 

 There has only been limited research of older adults (> 
50 mean age) with unspecified ID and PE. Short term (20 
weeks) controlled trial had recently been published showing 
the effects of combined exercise training and endurance 
training on adults (mean age of 42) with ID [22]. This study 
revealed a tendency towards more beneficial effects of  
 

 

 

combined exercise training in female adults with intellectual 
disability. Females more than males suffer from over-weight 
and obesity, which is the reason for selecting only one 
gender [23]. 

 A further study conducted by the same research group 
amongst adolescents with ID showed a positive effect on the 
indices of obesity, physical fitness and lipid profile [24]. 

 To our knowledge, this study is the first to examine the 
effects of aerobic exercise intervention in over-weight to 
obese older women with ID. The findings of the present pilot 
study are encouraging regarding the potential of aerobic PE 
interventions to combat obesity in older women with ID. 
These findings are important due to our previous findings 
[25] and report that aged people with ID do not engage 
enough in physical activity and do not meet the minimum 
requirements of weekly physical activity of 150 minutes as 
recommended by the US Department of Health and Human 
Services [6]. PE interventions for ID individuals are urgently 
needed that can effectively reduce body weight and improve 
physical function levels in this high-risk population. 

 We did not observe significant effects on muscle 
strength, yet muscle strength was maintained among subjects 
in the both group. However, subjects in G1 maintained 
muscle strength despite losing a significant amount of body 
weight, contrary to G2 who did not reduce their body weight. 
This suggests that muscle quality (i.e., strength/muscle 
volume) may have improved. The influence of aerobic 
exercise on muscle strength was previously investigated and 
reported that low-intensity aerobic exercise do not 
necessarily induce muscle strength [26]. The concept of 
exercise intensity, duration and specificity is well known and 
shown that significant muscle strength gains is only possible 
after high-intensity aerobic training [27], or following 
resistance anaerobic training. However, previous clinical 
trials [28,29] found that low but prolonged aerobic exercise 
intervention, regardless of unchanged muscle strength, were 
effective in improving general health and physical function 
in obese, older adults. Consequently, following our study 
results, subjects in the control group were offered the 
opportunity to receive the same PE intervention. 

STRENGTHS OF STUDY 

 To our knowledge this pilot study is the first reporting 
the feasibility and beneficial effect of long term aerobic PE 
on body weight reduction in older women with unspecified 
ID. The intervention was carried out in a residential care 
center setting and thus represents a unique approach to 
implementing lifestyle-based interventions within such 
settings. 

 Finally, isometric muscle tests are the most common tests 
used in the clinics, as they are simple to perform and 
reproduce. The test conditions were well-defined and 
appropriate for comparing results within this unique 
population which difficulty in understanding and attention 
capabilities. 
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STUDY LIMITATIONS 

 The results of the present study should be interpreted in 
the context of its limitations, and especially due to the small 
numbers of participants. Nevertheless, the drop out of two 
participants from the aerobic exercise group emphasize the 
complexity of such a regime for this population and their 
compliance to maintain the regime. We certainly believe that 
high-intensity intervention would be even less 'attractive' for 
them to comply. The first limitation we identified was that 
we did not directly measure body composition and therefore 
unable to determine the proportion of fat versus fat-free 
weight lost. 

 Secondly, when testing muscle under isometric 
conditions one must take under consideration that muscle 
force varies with muscle length, thus the length of the tested 
muscle on one hand, and the fixed position by the examiner 
on the other hand must be repeatedly maintained. In 
addition, even if the whole muscle is fixed at proximal and 
distal ends, the isometric-torque could be changed and 
diverse the results. Moreover, all tests based on voluntary 
activation of a muscle are prone to artifact, because of 
subject motivation and examiner encouragement. 

IMPLICATIONS AND FUTURE STUDIES 

 This pilot study demonstrated feasibility, acceptability, 
and efficacy of the long term effect of aerobic physical 
exercise on fat reduction among old women with mild ID. 
Future study should investigate the effect of such an 
intervention on males as well and on indicators such as the 
cardiovascular system, chronic morbidity, functional ability, 
falls, life satisfaction, and longevity. Furthermore, future 
study should test the effects of a comprehensive lifestyle-
based weight loss intervention, such as certain diet, in an 
older adult population with and without impaired physical 
functioning. 

CONCLUSION 

 The findings of this study suggest that a mild to moderate 
aerobic exercise is feasible and can produce significant 
weight loss in over-weight to obese, older women with mild 
to moderate ID. 
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