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Summary 
Background. Older people differ in their physical, mental and social functioning. As we age, 
changes in the body are reflected in body composition. These changes allow for the assessment 
of the risk of many diseases. The aim of this study was to analyze the body composition of 
older rural and urban residents in view of health problems associated with aging. Material 
and methods. The study involved a total of 627 people aged 60 to 90 years. A questionnaire 
study and body composition analysis performed with the InBody 270 analyzer were used to 
assess the parameters in the study. Differences were assessed with two-tailed chi-square tests 
and the Mann-Whitney U test. Results. A significant (p<0.001) difference was noted between 
the body weight of urban (73.39 kg) and rural dwellers (79.06 kg). Older women residing in 
cities were significantly (p<0.001) less heavy than female rural dwellers. Rural residents were 
characterized by significantly higher (p=0.001) values of Body Fat Mass (BFM), Fat-Free Mass 
(FFM) (p<0.001), Skeletal Muscle Mass (SMM) (p<0.001) and Body Mass Index (BMI) (p<0.001). 
Conclusions. Older rural residents have less optimal body composition parameters than their 
urban peers. Women residing in rural areas are characterized by the highest BMI, PBF, VFL and 
degree of obesity, and they can be regarded as the highest risk group of age-related diseases and 
lower quality of life. Body composition parameters are most favorable in aging males residing 
in urban areas, who belong to the lowest risk group for disease. The participants’ BMI was 
correlated with the place of residence, membership in senior organizations and marital status.

Keywords: obesity, health, body composition, aging

Streszczenie
Wprowadzenie. Osoby starsze różnią się między sobą pod względem funkcjonowania 
fizycznego, psychicznego i społecznego. Zmiany zachodzące w  ich organizmach w  procesie 
starzenia odzwierciedlają się w składzie ciała. Pozwala to na ocenę ryzyka zachorowania na 
wiele chorób. Celem badań była ocena i porównanie składu ciała osób starszych mieszkających 
na wsi i w mieście pod kątem zagrożeń zdrowotnych wynikających z zaawansowanego wieku.
Materiał i metody. W badaniu wzięło udział 627 osób w wieku 60-90 lat. Zastosowano badanie 
sondażowe oraz analizę składu ciała przy użyciu analizatora składu ciała InBody 270. Różnicę 
pomiędzy mieszkańcami wsi i miast oraz kobietami i mężczyznami oceniono za pomocą testu 
chi-kwadrat oraz testu U-Mann-Whiteney. Wyniki. Zanotowano statystycznie istotną różnicę 
(p<0,001) pomiędzy masą ciała seniorów mieszkających w mieście (73,39 kg) i na wsi (79,06 
kg). Starsze kobiety mieszkające w  mieście miały statystycznie istotnie (p<0,001) mniejszą 
masę ciała niż kobiety mieszkające na wsi. Mieszkańcy wsi charakteryzowali się znacząco 
wyższymi (p=0,001) wartościami tłuszczowej masy ciała (BFM), beztłuszczowej masy ciała 
(FFM) (p<0,001), masy mięśni szkieletowych (SMM) (p<0,001) oraz wskaźnikiem masy ciała 
(BMI) (p<0,001). Wnioski. Mieszkańcy wsi mają gorsze parametry składników ciała niż ich 
miejscy rówieśnicy. Grupą największego ryzyka zdrowotnego oraz najniższej jakości życia są 
wiejskie kobiety, które mają najwyższe BMI, PBF, VFL oraz najwyższy stopień otyłości. Grupą 
najmniejszego ryzyka zdrowotnego są starsi mężczyźni z  miast, którzy charakteryzują się 
najkorzystniejszymi parametrami składu ciała. BMI badanych seniorów wykazuje związek 
z miejscem zamieszkania, przynależnością do organizacji seniorskiej oraz stanem cywilnym.

Słowa kluczowe: otyłość, zdrowie, skład ciała, starość
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Introduction

Recent decades have witnessed a considerable increase in life expectancy in many countries around the 
world. This also applies to Poland where the size of the >60 (or 60+) population is estimated to be 8.5 million 
(22% of Poland’s total population) [1]. Aging is an irreversible process, and the number of older persons will 
continue to increase, which will influence the functioning of entire societies in various areas, from residential 
construction to services and Internet access [2]. Aging is accompanied by a progressive deterioration of 
physical, psychological and social functions. It is an irreversible process, but it does not proceed identically in all 
people. Older people differ in levels of physical, psychological and social activity, and the physiological changes 
associated with age are reflected in their body composition. Body composition analyses support assessments of 
risk factors for disease, and their results can be used in health protection and in programmes aiming to replace 
unhealthy habits with behaviors that promote health and overall well-being. 

Northeastern Poland has the highest population of older people in the country. Considerable differences are 
noted between older people living in urban versus rural areas. Rural residents aged >60 account for 36.1% of 
the Polish elderly population [3]. This group remains poorly investigated, particularly with regards to health. In 
rural areas, a combination of unique health problems, resource shortages, demographic characteristics, cultural 
behaviors and economic concerns influence the health of local residents [4]. These factors can influence body 
composition. In this study, the body composition of older rural residents was analyzed and compared to that of 
elderly urban dwellers. 

Material and methods

The study involved 627 older residents (aged >60) in rural and urban areas in northeastern Poland. The 
analyzed population was selected by purposive-probability sampling. Rural residents were selected in areas 
with a predominantly agricultural function, situated remotely from large cities. The interviewers were able 
to survey all respondents in person (face-to-face). All procedures performed in this study were in accordance 
with the ethical standards of the Polish Committee of Ethics in Science and with the 1964 Helsinki declaration 
and its later amendments. The research was been approved by the Scientific Research Ethics Committee of the 
University of Warmia and Mazury in Olsztyn (Decision No. 6/2018).

The respondents’ body composition was determined by bioelectrical impedance analysis (BIA) using the 
InBody 270 analyzer. BIA is a fast (several minutes), non-invasive, cheap and reproducible method of testing 
body composition. It can be used in both healthy and ill people of any age category. It consists of measuring 
the total resultant electrical resistance of the body, which is a derivative of resistance (passive resistance) 
and reactance (active resistance) using a set of surface electrodes connected to a computer analyzer and using 
current of a given frequency and intensity [5,6]. 

Data were analyzed in the SPSS v. 23.0 programme (SPSS Inc., Chicago, IL). The participants were surveyed using 
a questionnaire to obtain information about their socioeconomic status (the Pen and Paper Personal Interview – 
PAPI) (Table 1). Physical activity (PA) levels were measured with the International Physical Activity Questionnaire 
(IPAQ) adapted to older respondents. Urban-rural and male-female differences were assessed with two-tailed 
chi-square tests and the Mann-Whitney U test. The correlations between the main observed and control variables 
were determined in a reliability analysis, and the results were used to test the research hypotheses in ordinary 
least squares (OLS) regression analysis. The relationships between BMI values vs. urbanization indicators and 
socioeconomic factors (adjusted for age and sex) were tested with the use of regression models developed in 
SPSS. Separate models were built for men and women. The developed models illustrate the variance in BMI 
when each independent variable was added. Non-significant variables were automatically rejected. The level 
of statistical significance was p<0.05 for the chi-square test, t-test, and Mann-Whitney U test, and p<0.05 for 
regression analyses.

Body composition in older persons residing....
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The majority of the participants were female. The mean age was 68.52 years (SD=6.46). The participants 
were divided into three age groups according to WHO guidelines: the young-old (60-74 years) – 83.25%, the 
old-old (75-89 years) – 16.26% and the oldest-old – 0.47% (>90 years) [7]. On average, rural residents were one 
year older than urban dwellers, who were significantly (p=0.001) more frequently classified in the young-old 
group. Older women residing in cities were 1.39 years younger than rural women on average. Rural and urban 
males were similarly aged on average. Older women and men residing in cities were similarly aged, but female 
residents from rural areas were 1.48 years older than rural males on average. 

Older adults residing in cities were better educated. The majority of rural participants had primary school 
education. Urban females were better educated and were characterized by a significantly (p<0.001) higher 
proportion of university graduates. Only 0.38% of urban females vs. 20.49% of rural females had primary 
school education. Urban males were characterized by a significantly higher (p=0.000) proportion of university 
graduates, and none of them had ended their education at primary school level. The respondents were asked to 
self-assess their financial status (high, satisfactory, average, low). Most respondents (57.41%) regarded their 
financial status as average, 36.06% as satisfactory, and 4.78% as high. Only 1.75% of the participants claimed to 
have low financial status. In both groups, the majority of the respondents were of the opinion that their economic 
status was average, and a significantly (p<0.001) higher proportion of respondents with high economic status 
resided in urban areas. Most of the surveyed women described their financial status as average. A significantly 
(p<0.001) higher proportion of female participants with high economic status resided in urban areas. Rural 
men were more likely to evaluate their financial status as average or low, whereas urban males more frequently 
described it as satisfactory or high (p=0.003).

In the studied population, 52.15% of the participants were married and 68.42% were members of senior 
organizations. Membership in senior organizations was significantly (p<0.001) higher among urban than rural 
residents. Similar results were noted among male respondents, and significantly (p=0.010) more urban than 
rural males belonged to senior organizations. 

Physical activity (PA) levels were low (insufficient) in 50% of the studied population, moderate (sufficient) 
in 48% of the respondents and high in 1.59% of the participants. High PA levels were significantly more often 
(p=0.011) noted in urban than rural residents. 

Results

The average body height was 162.77 cm, and no significant differences in height were observed between 
rural and urban dwellers. Older males residing in cities were 2.74 cm taller on average than their rural peers 
(p=0.062), and rural women were 0.48 cm taller on average than their urban peers. The average body weight 
was 75.75 kg. A significant (p<0.001) difference was noted between the body weight of urban (73.39 kg) and 
rural dwellers (79.06 kg). Older women residing in cities were significantly (p<0.001) lighter than female rural 
dwellers. The target weight was significantly lower (p<0.001) among urban than rural residents. Rural residents 
were characterized by significantly higher (p=0.001) values of Body Fat Mass (BFM), Fat-Free Mass (FFM) 
(p<0.001), Skeletal Muscle Mass (SMM) (p<0.001) and BMI (p<0.001). No significant differences were noted 
in the values of Percent Body Fat (PBF), Visceral Fat Level (VFL), InBody Score, or the Waist-Hip Ratio (WHR) 
(Table 2).



- 270 -

Health Prob Civil. 2020, Volume 14, Issue 4 

Ta
bl

e 
2.

 B
od

y 
co

m
po

si
tio

n 
an

al
ys

is
 –

 se
le

ct
ed

 p
ar

am
et

er
s (

N
=6

27
)

Fe
m

al
e 

(N
=5

23
)

M
al

e 
(N

=1
04

)
U

rb
an

 v
s.

 R
ur

al
 (N

=6
27

)
A

ll 
(N

=6
27

)
U

rb
an

 (N
=3

16
)

R
ur

al
 (N

=2
07

)
U

rb
an

 (N
=4

9)
R

ur
al

 (N
=5

5)
U

rb
an

 (N
=3

65
)

R
ur

al
 (N

=2
62

)

M
ea

n
SD

M
ea

n
SD

p 
(f

em
al

e:
 

U
 v

s.
 R

)
M

ea
n

SD
M

ea
n

SD

p 
(m

al
e:

 
U

 v
s.

 
R)

M
ea

n
SD

M
ea

n
SD

p 
(U

 
vs

. R
)

M
ea

n
SD

H
ei

gh
t (

cm
)

16
0.

65
5.

69
16

1.
13

5.
42

0.
37

3
17

3
7.

51
17

1.
18

6.
72

0.
06

2
16

2.
43

7.
48

16
3.

24
7.

02
0.

10
9

16
2.

77
7.

30

W
ei

gh
t (

kg
)

71
.9

0
12

.7
5

77
.5

3
14

.3
4

<0
.0

01
82

.9
9

11
.4

8
84

.9
1

14
.4

2
0.

54
7

73
.3

9
13

.1
3

79
.0

6
14

.6
4

<0
.0

01
75

.7
5

14
.0

5

Ta
rg

et
 w

ei
gh

t 
(k

g)
59

.0
7

6.
49

62
.1

0
7.

23
<0

.0
01

73
.6

7
9.

88
71

.6
3

9.
28

0.
33

5
61

.0
3

8.
61

64
.1

0
8.

62
<0

.0
01

62
.3

1
8.

74

Pe
rc

en
t b

od
y 

fa
t

36
.8

2
6.

55
37

.9
0

7.
42

0.
04

1
25

.0
6

6.
49

28
.0

3
6.

64
0.

04
0

35
.2

4
7.

66
35

.8
3

8.
30

0.
34

6
35

.4
8

7.9
3

Fa
t-

fr
ee

 m
as

s 
(k

g)
44

.8
6

5.
62

47
.4

0
6.

24
<0

.0
01

62
.0

1
8.

91
60

.5
1

8.
48

0.
50

47
.1

6
8.

49
50

.1
5

8.
62

<0
.0

01
48

.4
1

8.
66

Sk
el

et
al

 
M

us
cl

e 
M

as
s 

(k
g)

24
.4

6
3.

35
25

.9
5

3.
68

<0
.0

01
34

.7
4

5.
29

33
.9

0
5.

09
0.

56
4

25
.8

4
5.

07
27

.6
2

5.
15

<0
.0

01
26

.5
8

5.
18

B
od

y 
M

as
s 

In
de

x
27

.8
2

4.
54

29
.8

6
5.

39
<0

.0
01

27
.4

2
3.

19
28

.8
5

4.
01

0.
09

2
27

.7
6

4.
38

29
.6

5
5.

14
<0

.0
01

28
.5

5
4.

80

Vi
sc

er
al

 fa
t 

le
ve

l
12

.6
7

4.
52

13
.8

8
4.

96
0.

00
4

9.
33

3.
39

10
.9

8
4.

28
0.

05
6

12
.2

2
4.

53
13

.2
7

4.
96

0.
00

8
12

.6
6

4.
74

D
eg

re
e 

of
 

ob
es

it
y 

%
12

9.
39

21
.1

1
13

8.
89

25
.1

0
<0

.0
01

12
4.

82
14

.5
6

13
1.

07
18

.2
7

0.
10

7
12

8.
78

20
.4

0
13

7.
25

24
.0

1
<0

.0
01

13
2.

32
22

.3
5

B
od

y 
fa

t m
as

s 
co

nt
ro

l (
kg

)
-1

3.
48

8.
12

-1
5.

87
9.

65
0.

00
3

-9
.7

4
6.

48
-1

3.
56

8.
15

0.
02

3
-1

2.
98

8.
01

-1
5.

39
9.

39
0.

00
1

-1
3.

98
8.

69

Fa
t-

fr
ee

 m
as

s 
co

nt
ro

l (
kg

)
0.

65
1.

33
0.

45
1.

51
<0

.0
01

0.
42

1.
20

0.
37

1.
20

0.
97

9
0.

62
1.

31
0.

43
1.

45
<0

.0
01

0.
54

1.
37

Body composition in older persons residing....



- 271 -

Health Prob Civil. 2020, Volume 14, Issue 4 

In models 1 and 2, the regression analysis revealed significant correlations between BMI vs. the place of 
residence, membership in senior organizations (models 1, 2 and 3) and marital status (models 1 and 2) (Table 3).

Table 3. The impact of socioeconomic factors on BMI (Body Mass Index) as a dependent variable tested with OLS regression 
(N=627)

Model 1 Model 2 Model 3
β Significant* β Significant * β Significant *

Place of residence 0.114* 0.019 0.094* 0.049 0.024 0.328
Gender (f=0, m=1) -0.053 0.185 -0.041 0.289 -0.437 -

Age -0.065 0.116 -0.115** 0.005 0.05* 0.017
Education 0.188 - 0.134** 0.005 0.053* 0.028

Membership in senior 
organisations -0.09* 0.027 -0.084* 0.035 -0.043* 0.031

Marital status -0.098* 0.018 -0.116** 0.004 -0.021 0.29
Physical activity level - - 0.116* 0.013 -0.006 0.807

R2 0.079 0.152 0.786
ΔR2 0.079 0.074 0.634

F 8.812 0.000 10.044 0.000 173.076 0.000
ΔF 8.812 10.694 906.767

Notes: VIF varied from 1.06 to 2.051; *p<.05 **p<.01 ***p≤.001.

Discussion

The evaluated older adults had excessive body weight. Rural residents were generally heavier than urban 
dwellers, regardless of gender (Table 2). Overweight and obesity have also been reported to be more prevalent 
outside large urban agglomerations in Australia [8]. 

A generally accepted body fat range does not exist, and the proposed models rely on empirically set limits, 
population percentiles and scores, which have serious limitations [9]. In this study, a healthy PBF was set 
at 18-24% for women and 14-20% for men based on InBody scores. The values of PBF were lowest in male 
urban dwellers and highest in rural women (Table 2). However, PBF values were excessive regardless of the 
participants’ place of residence and gender. This is a cause for concern because total body fat and its distribution 
are significant risk factors for cardiovascular disease. Postmenopausal women are particularly prone to higher 
PBF which increases the risk of metabolic syndrome. According to Zoico et al., high body fat and high BMI values 
increase the risk of functional limitations among older women at the high end of the functional spectrum [10].

The risks associated with excessive PBF were confirmed by Body Fat Mass Control scores. Rural residents 
were characterized by significantly higher levels of excessive body fat. These findings are alarming because 
metabolic rate slows down with age, and older adults should be particularly aware of the benefits of a healthy 
diet and physical exercise. Older persons with elevated values of BFM and BMI are also more predisposed to 
functional limitations [10,11], and obesity further contributes to age-associated declines in physical fitness and 
muscle strength [12].

Healthy Visceral Fat Levels (VFL) were also exceeded in the studied population. The corresponding values 
were lowest among urban men and highest among rural women (Table 2). However, VFL values were high in the 
entire population, which is a cause for concern because the accumulation of visceral fat increases the risk of health 
problems, including diabetes, heart disease and cancer. The accumulation of excess visceral fat also significantly 
increases the risk of proximal aortic dilatation [13]. Both rural and urban residents were characterized by an 
excessive Waist-to-Hip Ratio (WHR), and the highest WHR values were noted in women (Table 2). 

The degree of obesity also exceeded the norm (90-110%) in the studied subjects. This indicator was higher 
among rural residents who were diagnosed as obese, and it was highest in rural women. Significant differences 
in the degree of obesity were noted between urban and rural females, but urban women were also considerably 
overweight, bordering on obese. 

Gallagher et al. reported loss of muscle mass in aging subjects and concluded that sarcopenia is a progressive 
process, particularly in older men, and that it can occur even in healthy, independently living older adults who 
maintain a stable body weight [14]. In this study, Skeletal Muscle Mass (SMM) was higher in rural than in urban 
residents. Subjects residing in rural areas were characterized by higher body weight and higher PBF than their 
urban peers, and the Skeletal Muscle Index (SMI), a marker of sarcopenia, was calculated for the evaluated 
population after adjusting for gender. The SMI is calculated by dividing SMM by body weight and multiplying 

Body composition in older persons residing....



- 272 -

Health Prob Civil. 2020, Volume 14, Issue 4 

the result by 100% [15]. The SMI was determined to be 33.47% for rural women, 34.01% for urban women, 
39.97% for rural men, and 41.86% for urban men. Despite a higher SMM, rural residents were characterized by 
a lower SMI, which can be attributed to higher body weight and higher PBF. The relatively high values of SMI in 
both groups may be associated with the participants’ lifestyle, in particular their previous occupation. Rural 
males were characterized by low education levels, and most of them performed physical work on farms. During 
their working years, modern equipment was scarce on Polish farms, and most agricultural operations had to be 
performed manually. In Poland, rural residents continue to grow crops and raise animals for their own needs 
beyond retirement age, which keeps them physically active and contributes to the maintenance of muscle mass. 
Older adults residing in cities are more likely to participate in physical activities, which also slows down the loss 
of muscle mass. The majority of the evaluated respondents belonged to the young-old category, which could also 
explain the relatively high values of SMM. 

In a study of older Polish adults, Krzymińska-Siemaszko proposed the following cut-off points for assessing 
sarcopenia: SMI≤29.40% for women, and SMI≤37.31% for men, with BMI in the range of 25.00-29.99 [15]. In the 
present study, symptoms of sarcopenia were not observed, but rural residents are prone to more rapid loss of 
muscle mass and strength; therefore, they should receive greater support from health institutions and systems. 

BMI is generally accepted as a measure of optimal weight, and it has also been shown to be a longitudinal 
predictor of quality of life and chronic diseases such as hypertension and diabetes in older populations [16]. 
According to some researchers, the BMI scale recommended by the WHO should not be applied to older adults 
because higher body weight is conducive to health in the autumn years [17]. A healthy BMI for older persons 
should be adopted in the range of 25-30 kg/m2 [18]. However, the current study relied on the BMI scale proposed 
by the WHO.

In the European Union, 23.33% of citizens are obese (BMI≥30 kg/m2) and 58.7% are overweight (BMI≥25 kg/
m2). In Poland, the obesity rate is estimated to be 23.1% [19]. Similar results were reported in Australia where 
63% of adults are overweight or obese [8]. The average BMI of the surveyed population in our study was 28.55 
kg/m2. Other research studies have shown similar findings [20,21]. In the present study, rural residents were 
characterized by higher BMI. Both rural and urban dwellers were overweight, but the BMI of rural dwellers was 
dangerously close to class I obesity. The highest BMI values were noted in rural women. According to Zhang et 
al., the optimal BMI range for maximizing disability-free life expectancy in the aging population is 23-29 kg/m2 

[22]. In this context, the results scored by Polish older adults give cause for concern, in particular among rural 
residents who exceeded the norm (mostly women) and are at greater risk of disability. 

The regression analysis (Table 3) in models 1 and 2 revealed significant correlations between BMI vs. the 
place of residence, membership in senior organizations (models 1, 2 and 3) and marital status (models 1 and 2).

Senior organizations are highly popular in Poland, but most of them operate in urban areas. Members of senior 
organizations are more physically active. They are also more health conscious [23], which may contribute to 
maintaining lower BMI values. Therefore, membership in senior organization influences the BMI of older adults. 
Rural residents are less likely to join such organizations, and they are also less physically active than urban 
dwellers (Table 2). Model 2 revealed a minor correlation between BMI and PA levels. However, the differences 
between rural and urban residents were small, and both groups could benefit from increasing their PA levels. 

Married participants were characterized by higher BMI than single older adults. The above could be explained 
by the hypothesis claiming that being married is protective of health. Married adults have a more stable, 
organized and healthier lifestyle and enjoy greater psychological and physical support. As a result, married 
individuals are in better health than single adults [24]. Similar observations were made by other authors [25,26].

The results of this study indicate that overweight and obesity are prevalent among older adults because 
age-associated changes in physiology, lower PA levels and comorbidities contribute to excess body weight. In 
Poland, the burden of disease attributable to obesity was estimated at 11.3% of disability-adjusted life-years 
(DALY) [27]. A nutritionally balanced diet with the appropriate energy value and sustained PA are required 
to prevent overweight and obesity in old age [28]. The above recommendations should be observed by older 
adults regardless of their place of residence. However, rural dwellers are characterized by less desirable body 
composition, and they should receive greater support under the programmes initiated by government agencies 
and NGOs. Polish research should not be restricted to metropolitan interests and assumptions, and should 
embrace the needs of Polish rural residents. Rural health research is also an important part of the solution to 
the growing problem of excess weight and obesity in Poland.
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Conclusions

1.	Older rural residents have higher BMI and PBF than urban dwellers.
2.	Older women residing in rural areas are characterized by the highest BMI, PBF, VFL and degree of obesity, 

and they can be regarded as the highest-risk group for all of these indicators in the groups evaluated.
3.	Body composition parameters are most desirable in older males residing in cities, and can be regarded 

as the lowest-risk group.
4.	BMI is correlated with place of residence, membership in senior organizations and marital status.
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