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SUMMARY
A neighborhood environment allows defining typical features for physically active or inactive lifestyle. An accelerated pace of life and higher 

availability of an unhealthy lifestyle increase obesity rates. An analysis of body composition can be used as a predictor for assessment of current 
somatic conditions. The aim of the study was to determine the dependence of selected body composition parameters on neighborhood walkability 
in 167 women aged 20–60 years attending weight-loss programme called STOB-courses. A multifrequency bioimpedance analysis InBody 720 
was used to determine the body composition of respondents. Further, ANEWS questionnaire was used to determine the level of neighborhood 
walkability. We divided the sample into two age groups (<40 years; ≥40 years) and into partial subgroups according to the neighborhood “level of 
walkability” (lower and higher level). Based on the assessment of body composition, it can be assumed more walkable neighborhood opportuni-
ties positively affect body composition. Body composition in older women is positively influenced if they lived in high walkable areas. In younger 
women we found only one indicator of body composition (body fat mass) influenced by neighborhood walkability. The relationship between health 
indicators of body composition and residential infrastructure might be useful in strategies aimed at maintaining and developing a healthy lifestyle 
within the community.
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INTRODUCTION

Sedentary behaviour and obesity issues are often discussed in 
relation to social health. Lack of regular physical activity is as-
sociated with increasing obesity and subsequent impact on human 
health. Sedentary behaviour is associated with health problems as 
well as with psychological and social risks (1). Decreasing level of 
physical activity is influenced by factors like obesity rate, smoking 
and educational level. Obese individuals, smokers and individuals 
with secondary or tertiary education demonstrate lower levels of 
physical activity (2). Ball et al. in their study found that in 6.2% of 
women being overweight and in 22.6% of obese women their status 
represents a barrier for them to be physically active (3). A number 
of overweight and obese people increases every year, therefore, 
it is necessary to search for ways how to promote at least general 
guidelines for physical activities (4, 5). Kwasniewska et al. support 
the need for implementing effective interventions in the society, 
especially in the area of weight reduction and increasing physical 
activity level (6). National obesity prevention programmes based 
on epidemiologic studies and monitoring of population health and 
health determinants should be developed (7).

Factors influencing lifestyle include the environment, physi-
cal activity behaviour, demographic factors, cultural differences, 
genetic, ethical, ethnic and political factors, etc. In Europe, there 

are prepared strategic documents supporting the physical activity 
promotion across Europe (8, 9). The purpose of these documents 
is to set out an integrated EU approach to contribute to reduc-
ing ill health due to poor nutrition, overweight and obesity. The 
problem of obesity in the Czech Republic prevails, since there 
is no document for strategic planning and promotion of physical 
activity and healthy lifestyle (10).

Government budget supports directly sport and physical ac-
tivity professionals, however, less financial means are allocated 
to develop infrastructure that would promote sports in all strata 
population. In the past extensive construction of prefabricated 
block of flats built often in larger villages including less sensitive 
landscape modification activities resulted in a significant reduc-
tion of walking (11). Safe and accessible neighborhoods however 
positively affect the amount of walking (12). Walking in the Czech 
Republic is still the most natural and widespread physical activ-
ity as well as the most important component of overall physical 
activity (13–15). Walking has numerous potential benefits for 
population health in addition to preventing cardiovascular diseases 
and other risk behaviours (16). 

High proportion of body fat is associated with obesity, which 
leads to health complications. This status may disadvantage these 
individuals in social and community living. Risk is defined by 
the level of body fat between 10–20% for men and 18–28% for 
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women. Obesity is associated with orthopedic, cardiorespiratory 
and psychosocial disorders. The World Health Organization des-
ignated obesity as an epidemic of the 21st century and included 
it among chronic non-infectious diseases that will exceed an 
estimated prevalence of 73% by 2020. Obesity poses a major 
health risk and decreases quality and length of life. It is the second 
leading cause of death after smoking (17). Among main indirect 
epidemic obesity causes WHO includes increasing urbanization, 
industrialization and disappearance of traditional lifestyle; direct 
factors are then sedentary lifestyle and high-energy diet (18). To 
maintain desirable weight energy expenditure, Saris et al. recommend 
about 12 kcal/kg of body weight per day or at least 10,000 steps per 
day (5). More than half of the adult population in the Czech Republic 
is overweight or obese (19). The Czech Republic holds the 10th place 
on the European scale with 17% of obese individuals. This represents 
an increase of 3% since 1999 (20).

Physical activity is an irreplaceable part of human life and thus 
is included in various intervention programmes. It is also used 
in weight loss programme – STOB courses, where cognitive-
behavioural psychotherapy is recommended for clients as a 
part of their treatment. Changes in eating habits induced by the 
cognitive behavioural therapy along with regular physical activ-
ity help to promote successful long-term goal for weight-loss. 
This psychological method of treatment is based on the fact that 
inappropriate eating and exercise habits are learned and therefore 
can be changed. Psychotherapy and relaxation techniques in 
weight-loss programmes are also necessary for obese individuals 
to overcome negative emotions, stress, depression, and anxiety 
(21). An important component of weight loss programmes is 
promotion of physical activity as it relates to long-term mainte-
nance of reduced weight and optimal functioning of individual 
body parts. It prevents reduction of basal metabolism and fat-free 
mass. Physical activity, one of the most important components of 
healthy lifestyle, is at weight-loss programme in Olomouc and 
its surroundings monitored by pedometers and accelerometers. 
Feedback at the amount of physical activity and an emphasis on 
its implementation is an important motivating factor for obese 
and overweight women (22, 23).

One of the key determinants of physically active behaviour is 
the neighborhood environment. Environmental impact on health 
and active lifestyle was recognized in theories of health behaviour 
changes (24). Walkability and access to destinations in neighbor-
hood are often discussed topics within international research stud-
ies looking for associations between healthy indicators of urban 
residents. Therefore, searching for associations between body 
weight, lifestyle and physical activity especially in the group of 
overweight and obese females is needed.

MATERIALS AND METHODS

The examined sample consisted of 167 women aged 20–60 
years, who went through a body composition testing using a 
multifrequency bioimpedance method. Their neighborhood 
environments were analyzed using the ANEWS questionnaire. 
The research part of the project was conducted in 2010 and 2011 
during 9 courses of weight-loss programme.

Measurements of body composition and neighborhood en-
vironments were performed before the start of STOB course. 

Courses are designed for weight loss, however, they are not di-
rected only towards regular physical activity as a health-oriented 
component of a healthy lifestyle, but they also have a theoretical 
content, because weight loss is dependent mainly on adjusting 
habits regarding lifestyle and living, especially nutritional stereo-
types and physical therapy (cognitive behavioural psychotherapy).

The multifunctional, multifrequency device InBody 720 (a 
method of directly-controlled segmental bioelectrical impedance) 
was used to diagnose body composition. The applied method is 
unified and the measurement was performed according to stand-
ards set in the manual of the device (25).

Optimal body composition is considered to be an adequate 
indicator of the functional state and physical prowess of an 
organism. Among health indicators of a body composition that 
determine obesity belong BMI, the amount of fat fraction (Body 
Fat Mass, kg, %), the amount of fat fraction in kg due to the square 
of height (Body Fat Mass Index, BFMI), visceral (internal) fat 
(VFA – visceral fat Area), and obesity degree.

Assessment of fat-free mass (FFM – Fat-Free Mass) is an im-
portant individual indicator of an adequately set physical activity 
prescription. Similarly to the previous parameter, it can be related 
to body height. The sum of BFMI and FFMI (Body Fat Mass In-
dex, Fat-Free Mass Index) indicates the BMI (26). In addition, we 
focused on body water representation (TBW – Total Body Water) 
concentrated into two main body compartments – extracellular 
and intracellular (ECW – Extracellular Water, ICW – Intracellular 
Water). Additional parameter (FS – Fitness Score) is based on 
the representation of muscle and fat fraction of the individual.

Neighborhood environments were monitored using the 
ANEWS questionnaire (27). The questionnaire ANEWS (Neigh-
borhood Environment Walkability Scale – Abbreviated) used in 
the Czech Republic is based on recommendations from the IPEN 
(International Physical Activity and the Environment Network) 
research grant “IPEN: International Study of Built Environ-
ment, Physical Activity and Obesity.” A subjective evaluation of 
environmental conditions describes the place based on its level 
of walkability and the evaluation is determined according to the 
score in a particular section of the questionnaire. Walkability 
represents opportunities to be physically active close to one’s 
home. Environmental conditions are characterized within the 
questionnaire by residential density and diversity of the land use 
characterizing availability to visit selected services and facili-
ties within a certain time interval. Further observed variables of 
walkability within the ANEWS questionnaire are street connec-
tivity, cycling and walking facilities, neighborhood aesthetics, 
and residential safety.

Statistical Analysis
Descriptive statistics and data analysis were performed using 

the statistical program Statistica 10.0 (28). Participants were di-
vided into two groups according to age (<40 and ≥40 years). Based 
on the questionnaire scores of walkability, two groups of women 
were created (higher or lower walkability). Using cluster analysis 
K-means and based on parameters DE – main walkability factors 
(GH – motivational walkability factors, COMP – comprehensive 
walkability factors) we created groups, which are characterized 
by a higher or lower walkability (27). We used student’s unpaired 
t-test to compare individual groups, the two-factor analysis of vari-
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ance to monitor the effects of two factors (age and walkability), 
and Scheffe post hoc test to compare two groups. 

RESULTS AND DISCUSSION

First, we focused on fractionation of body composition in 
women regardless of their residence and neighborhood. Selected 
somatic characteristics of the observed group of women (Table 1) 
were differentiated according to age. Although monitored param-
eters are almost homogeneous for both groups, older women had 
significantly higher values of visceral fat exceeding recommended 
values (Visceral Fat Area >100 cm2) compared to younger women 
(younger women: VFA=124.75 cm2; older women: VFA=154.84 
cm2; p <0.001). Distribution of body fat is determined genetically 
and partially hormonally regulated, that is why we can follow its 
redistribution from periphery into abdomen in postmenopausal 
women (29). Higher values of visceral fat determine abdominal 
obesity, which is one of the main criteria for metabolic syndrome 
assessment, and have almost comparable predictive value for se-
vere cardiovascular diseases (30). Body mass index was in a range 
of obesity for both age groups (younger women: BMI=30.76; 
older women: BMI=31.76). BMI does not capture variability and 
changes in the representation of body fat and fat-free mass. In or-
der to obtain more objective assessment of relative risks of health 
problems, we used for example the body fat mass index (BFMI) 
and fat-free mass index (FFMI). Classification for BMI >30 kg/
m2 is set at BFMI ≥11.8 and at FFMI ≥18.2, which corresponds 
to our results (26). Fat is the most variable component of body 
weight − a major factor in inter- and intra-individual variability 
in body composition that is easily influenced by developmental 
aspects and physical activity (31). Based on the average values of 
percentages of fat fraction by Heyward and Wagner (32), both age 
groups of women were classified as obese (>35%). We recorded 

Parameter
<40 years; n=80 ≥40 years; n=87

p
Mean SD Mean SD

Age 31.28 5.86 50.29 6.67 <0.01
Height (cm) 166.95 7.18 164.71 7.44 0.06
Weight (kg) 85.62 16.33 86.09 13.37 0.83
BMI (kg/m2) 30.76 5.75 31.76 4.62 0.21
Fat fraction (%) 39.73 6.59 41.56 6.06 0.06
Fat fraction (kg) 34.75 11.83 36.25 9.75 0.36
Index BFM (kg/m2) 12.52 4.32 13.43 3.71 0.14
Visceral fat (cm2) 124.75 43.77 154.84 36.57 <0.01
Fat-free mass (kg) 50.86 6.39 49.83 6.16 0.29
Index FFM (kg/m2) 18.23 1.84 18.32 1.43 0.72
Total body water (l) 37.23 4.72 36.54 4.49 0.33
Extracellular water (l) 14.13 1.84 13.97 1.72 0.54
Intracellular water (l) 23.09 2.90 22.56 2.79 0.23
Edema 1 0.33 0.00 0.34 0.00 <0.01
Edema 2 0.37 0.00 0.38 0.00 <0.01
Fitness score 65.22 8.64 63.86 9.12 0.32

Table 1. Basic characteristics of sample in relation to age

relatively higher proportion of fat (higher by 1.83%) in older 
women. The increase of body fat is related to increasing age as 
confirmed in a study by Kyle et al. (33). In addition, Guo et al. 
(34) found that total amount of body fat in adulthood increases by 
about 0.37 kg per year in men and 0.41 kg in women. Rokyta (35) 
indicates the content of water in adipose tissue to be only 10%. 
Water content is therefore low in obese people, as it constitutes 
only 45% of body weight. Total body water in young women from 
our sample made up 43.5% and in older women 42.4%. Gába 
and Přidalová (36), similarly to Přidalová et al. (22) emphasized 
a decrease in total body water (TBW), which is primarily caused 
by an intracellular water reduction depending on increasing age. 
Differences of intracellular water (ICW) were only minimal in 
observed samples. Intracellular water (ICW) ideally comprises 
approximately 65% of total body water, while remaining 35% 
comprises extracellular water (ECW). This ratio is about 62.0:38.0 
for younger women and 61.7:38.3 for older women. 

Questionnaires were used to define general characteristics of 
neighborhood walkability according to residential density, land 
use mix, street connectivity, availability of facilities and services, 
and infrastructure and safety.

Based on walkability assessment we can classify the selected 
sample as homogenous in relation to frequency at different ages. 
Key factors such as the ability to walk to selected services and 
facilities within a certain time interval in terms of frequency are 
balanced for both age groups.

The first part of the questionnaire examines types of residences 
within the neighborhood. The level of walkability created from 
this part showed that there was no significant difference found 
between individual fractions of body composition for both 
age groups. Walkability level is higher for a larger number of 
households in a small area with connections to infrastructure of 
services and lower in an area of family houses. Results show that 
fat fraction is most frequently affected by the level of walkability 
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in neighborhood by residential density characterized according 
to type of residences. Average values of absolute fat fraction 
values are lower in both age groups of women living in homes 
with higher walkability regarding the type of housing. Mitas (10) 
reported that neighborhood residential density is not a separate 
factor that would stimulate walking for transportation. It is rather 
higher residential density that is associated with greater use of 
local infrastructure.

The second part of the questionnaire focuses on the availability 
of different types of infrastructures within the walking distance 
of residence (shops, services, schools, recreational centers). Land 
use mix and walking distance of facilities belong among the most 
important factors affecting the walking within neighborhood (27). 
Frank et al. (37) found that the land use mix has a significant 
impact on obesity in population. If a person lives in an area with 
higher walkability, he/she is able to walk about one kilometer 
more easily than those living in low walkable area. Walking 
one more kilometer may lower the risk of obesity by 4.8%. Our 
sample indicates noticeable differences in mean values of fat 
fraction (%) in younger women among the groups divided by 
the degree of walkability. 

The third part of the questionnaire examines availability of 
services that are within walking distance near a place of residence. 
It is an adjunctive characteristic describing the diversity of land 
use. An independently evaluated factor of access to services as-
sociated with environmental barriers does not show significant 
difference in observed fractions of body composition with respect 
to the level of walkability.

The fourth part of the questionnaire examines neighborhood 
characteristics in terms of road network. We did not find any 
significant relationships among street connectivity with regards 
to the fraction of body composition in groups divided according 
to the degrees of walkability.

The fifth part of the survey describes the place of residence 
in terms of conditions suitable for active transportation (walking 
and cycling). If we characterize these conditions as environments 
with higher or lower level of walkability, we observe significant 
differences in the group of older women in fat-free mass (FFM: 
p=0.03), total body water (TBW: p=0.03), and intracellular (ICW: 
p=0.02) and extracellular water (ECW: p=0.03). The group of 
older women with higher level of walkability had significantly 
lower fat-free mass and body water.

Another part of the questionnaire monitors the neighborhood 
attractiveness which can motivate people to achieve higher levels 
of overall walking. Based on housing in an attractive environ-

ment, we do not observe any significant differences in fractions 
of body composition.

The last part of the questionnaire examines safety. There is a 
small effect of walkability on fractions of body composition in 
terms of traffic safety and crime in residential neighborhoods. In 
general, people spend significantly smaller amount of time en-
gaged in leisure-time physical activities in their neighborhood, if 
they do not feel safe there (38, 39). Results of our study show that 
residential safety in regards to walkability has little influence on 
absolute and relative representation of fat fraction in older women.

The combined score of all factors evaluating the overall level 
of neighborhood walkability indicates walking availability of 
a particular place and its relationship to body composition of 
women living there. As expected, women living in high walkable 
areas exhibit less health risks in terms of body composition. The 
younger group of women living in areas with higher walkability 
has slightly lower values of visceral fat, relative and absolute 
value of body fat and fat-free mass.

Neither the level of walkability in individual survey items 
(ANEWS) nor the comprehensive factor of walkability from all 
areas of the questionnaire significantly affected fractions of body 
composition. A conjunction of the second and the third part of the 
questionnaire representing crucial factors regarding walkability 
has an interesting effect on body composition as well as a con-
junction of the fifth and the sixth part of the questionnaire that 
can serve as an evaluation of the degree of walkability in relation 
to motivation (Table 2). 

A combined score of the second and third part of the ques-
tionnaire focused on the walking distance to different types of 
infrastructure and facilities − crucial factors regarding walkability 
(Table 3). The group of younger women with higher level of walk-
ability had significantly lower body fat (PBF: p=0.01). Figure 
1 allowed us to assess relative differences of average relative 
body fat values and 95% confidence intervals for women, whose 
residence belonged among residences with higher or lower walk-
ability conditions. Women of various age living in a neighborhood 
with lower walkability had very similar values of relative body fat.

If we merge the score of the fifth and the sixth part of the 
questionnaire, we evaluate it in terms of the level of walkability 
as motivational factors (Table 3). The influence of walkability 
in terms of motivation is significantly different only in older 
women regarding total body water (TBW: p=0.01) and associ-
ated intracellular (ICW: p=0.02) and extracellular water (ECW: 
p=0.01). A significant difference was found also for fat-free mass 
(FFM: p=0.01). Interesting results were found for visceral fat 

Section in residential neighborhood
<40 years; n=80 ≥40 years; n=87

Lower walkability Higher walkability Lower walkability Higher walkability
Types of home 39 41 46 41
Shops, facilities (D) 39 41 40 47
Access to services (E) 1 79 6 81
Streets 2 78 16 71
Places for walking and biking (G) 9 71 18 69
Surroundings (H) 15 65 15 72
Safety 43 37 46 41

Table 2. Average values of selected parameters in relation to higher/lower level of merged walkability categories
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Parameter 
<40 years; n=80 ≥40 years; n=87

Mean/DE Mean/GH Mean/COMP Mean/DE Mean/GH Mean/COMP
BMI (kg/m2)_H 29.92 30.28 30.31 31.97 31.38 31.49
BMI (kg/m2)_L 31.44 31.63 30.96 31.55 32.32 31.88
Fat fraction (%)_H 37.70 39.44 38.61 41.86 41.66 41.26
Fat fraction (%)_L 41.38 40.17 40.23 41.27 41.39 41.69
Index BFM (kg/m2)_H 11.60 12.17 12.04 13.60 13.27 13.21
Index BFM (kg/m2)_L 13.28 13.08 12.74 13.27 13.67 13.53
Visceral fat (cm2)_H 120.73 121.70 121.83 155.46 150.98 153.58
Visceral fat (cm2)_L 128.04 129.56 126.08 154.26 160.57 155.40
Index FFM (kg/m2)_H 18.31 18.03 18.26 18.37 18.10 18.28
Index FFM (kg/m2)_L 18.16 18.54 18.21 18.27 18.64 18.34
Total body water (l)_H 38.11 36.71 38.17 36.49 35.35+ 36.49
Total body water (l)_L 36.51 38.05 36.80 36.58 38.30+ 36.58
Extracellular water (l)_H 14.46 13.95 14.48 13.98 13.50+ 13.87
Extracellular water (l)_L 13.87 14.43 13.98 13.96 14.67+ 14.01
Intracellular water (l)_H 23.64 22.76 23.68 22.50 21.85+ 22.56
Intracellular water (l)_L 22.64 23.62 22.82 22.63 23.63+ 22.57

H/L – average parameter value in a higher/lower level of walkability, DE – main walkability factors, GH – motivational walkability factors , COMP – comprehensive walk-
ability factors 

Table 3. Average values of selected somatic parameters in relation to a higher/lower level of merged walkability categories

with values that are significantly different for various ages (VFA 
=0.02). Average values of VFA and 95% confidence intervals 
are lower for both groups of women living in areas with higher 
walkability (Fig. 2).

CONCLUSION

The neighborhood walkability level in terms of providing 
individuals with easy access to shops, services and facilities was 
similar for both age groups. This applies to a close neighborhood, 
which is well arranged in terms of services and safety accessible 
by walking or cycling. During the establishment of the relationship 
between fractions of body composition and parameters monitored 
in the questionnaire, it was found that more walkable environment 

Fig. 1. Average relative values of body fat and 95% confidence 
intervals within higher/lower levels of walkability in terms of 
services availability.

Fig. 2. Mean values and 95% confidence intervals of visceral 
fat in relation to higher/lower degree of walkability according 
to motivation to physical activity implementation.

is positively reflected in older women with regards to fractions of 
body composition. In younger women we found that only body 
fat mass was influenced by neighborhood walkability.

A most recent research topic is to promote healthy lifestyles 
through physical activity within the neighborhood environment. 
As shown in our study, positive changes in infrastructure focused 
on promotion of health and healthy lifestyle can lead to reduction 
of health problems associated with obesity.
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