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Introduction
Obesity is associated with several diseases such as

diabetes mellitus (DM), hypertension (HTN), insulin

resistance (IR), arthritis, hyperlipidaemia and heart

disease, and is a significant public health problem causing

functional losses such as postural balance problems that

result in falls.1,2 Studies have shown that 17.2% of the

Turkish population aged >15 years are obese, 34.8%

overweight, and when evaluation is made in respect of

gender, 20.9% females are obese and 30.4% are

overweight compared to 13.7% and 39% males

respectively.3 It has been shown that more than 1 billion

individuals worldwide are overweight and 300 million

are obese, and the prevalence of obesity is high and

rapidly increasing in all populations.3,4 This makes it

necessary to intensify the interventions to reduce the

societal effects of diseases related to obesity.

Even though most research conducted on diseases

related to obesity have focussed on internal diseases,

when the risk factors of falling are examined, which is

an important problem in respect of public health, loss

of balance related to obesity has been determined to be

an independent risk factor for falling.1,3,5 In respect of

gender-specific factors, stroke, nutritional status,

education level, eye disease, marital status and arthritis
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have been found to be independent risk factors for a

history of falls in males, and stroke, age >85 years,

nutritional status, alcohol consumption, use of 5 or more

medications, arthritis, diabetes and osteoporosis have

been found to be risk factors for falls in females.6

Obesity not only increases the risk of falls, but also the

fear of falling following postural fluctuations and loss of

balance even if there is no history of falls.7,8 In addition

to obesity, risk factors increasing the fear of falling include

demographic characteristics, a history of falling, physical

health status, morbidities, emotional status, cognitive

function and exercise habits.8

In demographic terms, the gender factor has been of

particular interest to researchers, as it is thought that

the correct approach to reduce the risk of falls and the

fear of falling could be the development of gender-

specific preventative strategies.6,8

The current study was planned to examine the effect of

body mass index (BMI), balance and posture on the risk

of falls and fear of falls, and to determine any differences

according to gender. It was hypothesised that obesity

could have a negative effect on balance and that in

middle-aged individuals, gender could create differences

in this status.

Subjects and Methods
The cross-sectional study was conducted at the

Department of Sports Medicine, Suleyman Demirel

University, Isparta, Turkey, from December 2016 to June

2017, and comprised individuals who were divided into

obese and non-obese groups based on their BMI values.

After approval from the institutional ethics committee,

the sample size was calculated with 0.20 influence

quantity, 80% power and 95% confidence level.

The sample was raised using convenience sampling

method, and those incuded were individuals aged 40-

60 years attending the tertiary level healthcare institution.

Those excluded were individuals with musculoskeletal

or neuromuscular problems, those having recently

undergone joint surgery, or received treatment for lower

back pain. Also excluded were those having any cognitive

or psychiatric disease, unstable angina or uncontrolled

arterial HTN, severe pulmonary HTN, any other clinical

condition that could be exacerbated with physical effort,

a recent history of cardiac arrhythmia or myocardial

infarction or BMI <18.5 or between 25.1-29.9 kg/m2.

Informed consent was obtained from the selected

subjects. Demographic data was recorded and a detailed

medical history was taken from each subject. Height and

weight were measured with mechanical adult scales

with a height measure (SECA 700, Germany). Obesity

detection was done according to the fat ratio or

according to the BMI based on the criteria of the World

Health Organisation (WHO).9 The subjects were divided

into obese group BMI 30 kg/m2 and the non-obese

control group BMI 18.5-24.9 kg/m2.9

After the determination of BMI, target data was collected

using Tinetti Falls Efficacy Scale (TFES),10 Activities-

Specific Balance Confidence Scale (ABCS),11 and the

History of Falls Scale (HFS).

TFES evaluates the fear of falling psychometrically,

especially in the elderly. The scale consists of 10 items

related to simple daily activities, which are answered by

the patient on a scale of 0-10. The total points can range

from 0-100 with higher points indicating a lower fear of

falling. The Turkish version of the Falls Efficacy Scale was

used in the study.10

ABCS questions the confidence felt during daily activities.

The scale consists of 16 items, each of which is scored

as a percentage value. Total points can range from 0-

1600 with low points indicating lack of confidence and

high points, confidence during the activities. Vailidity

and reliability studies of the Turkish version of the scale

were already available.11

HFS is used to obtain the history of falls of an individual

within the preceding year.12 The participants respond

to 5 questions and the responses are recorded. The

questions are: 1) Have you not undertaken an activity

or restricted an activity because of a fear of falling?

2) Have you stumbled within the last year?  3) Have you

fallen within the last year? 4) How many times have you

fallen in the last year ?, and 5) Have you required medical

treatment as a result of a fall or falls?

After the application of the scales, the Single Leg Stance

Test (SLST),13 Functional Reach Test (FRT)14 and the New

York Posture Rating Test (NY-PRT)15 were applied. To

prevent bias in the application of the functional tests,

these were applied by a researcher blinded to the

previous scale results of the subjects.

SLST is used to evaluate the static balance of an individual

and to determine the risk of falling. Balance status was

measured 3 times bilaterally in the extremities of the
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individual with eyes open and eyes closed. The result

was recorded on the evaluation form as the mean

duration in seconds. The test was started with the subject

either with or without shoes on a supportive base with

the eyes open and arms at the sides of the body. The

subject was requested to raise one foot to the level of

the other knee at 90O and when the position was taken,

measurement was made for a maximum of 30 secs. The

test was concluded if the raised foot touched the ground,

the position is changed, if the subject bounced on the

foot on the ground or if the eyes are opened.13

FRT evaluates dynamic balance. The test is applied twice

to the subject and the best measurement is used in the

evaluation. The subject is positioned next to a wall, the

dominant arm is raised to 90O, a fist is made of the hand,

and the patient is requested to reach as far forward as

possible, following a measure placed at shoulder level,

without moving the feet or losing balance. Care is taken

that the feet are not moved or raised from the ground.

In the test, the distance between the first and the last

measurement values is recorded taking the 3rd

metacarpophalangeal joint as the reference criteria.14

NY-PRT identifies and scores postural impairments that

can develop in the posterior of the body (head, shoulders,

back, hips, feet and back of the feet) and in the lateral

(neck, chest, shoulders, upper back, trunk, abdomen,

lower back). The total points can range between 13 and

65 with high points indicating regular posture.15

Data was analysed using SPSS 20. Continuous variables

were expressed as mean ± standard deviation (SD) and

categorical variables as frequencies and percentages.

The normality of distribution of continuous variables

was tested by Kolmogorov-Smirnov and Shaphiro Wilk

tests. Continuous variables were compared using the

Student's t-test and the Mann-Whitney U-test where

appropriate. Likelihood ratio tests tests were used for

comparison of categorical variables. Univariate

correlation analysis was performed by Spearman's tests

to identify variables that potentially affected obesity.

P<0.05 was considered significant.

Results
Of the 260 subjects initially enrolled, 9(3.5%) could not

comply with the functional tests, and the final sample

0bese W (n=65) Non-obese W (n=64) p-value 0bese M (n=60) Non-obese M (n=62) p-value

Age (year) 51.8±6 49.6±4.2 0.1 51.6±5.6 50.4±5.6 0.4
Height (cm) 160.3±5.2 162±6.6 0.3 170.8±6.7 173.1±8.3 0.2
Weight (kg) 86.1±9.1 59.8±7 <0.0001* 98.7±10.8 74.3±7.9 <0.0001*
BMI (kg/m2) 33.9±3.2 23±1.5 <0.0001* 33±2.7 23.3±0.9 <0.0001*

W: women, M: men, cm: centimeter, kg: kilogram, m: meter, SD: standard deviation, BMI= body mass index, *: p<0.05.

Table-1:  Body composition of participitants (mean ± SD).

0bese W (n=65) Non-obese W (n=64) p-value 0bese M (n=60) Non-obese M (n=62) p-value

Perceived Health Status (0-5) 3±0.8 3.9±0.8 0.001* 3.3±0.7 3.8±0.7 0.005*
Work status n (%)
House wife 51 (78.5) 50 (78.1) 0.19 0 0 0.78
Retired 6 (9.2) 5 (7.8) 20 (33.3) 19 (30.6)
Actively Working 8 (12.3) 9 (14.1) 40 (66.6) 43 (69.4)
Marital status n (%)
Married 56 (86.2) 55 (85.9) 0.58 56 (93.5) 62 (100) 0.16
Widowed 8 (12.3) 5 (7.8) 4 (6.5) 0
Single 1 (1.5) 4 (6.3) 0 0
Level of education n (%)
Illiterate 3 (4.6) 0 0.91 0 0 0.88
Literate 4 (6.2) 6 (9.4) 0 0
Elementary school 26 (40) 29 (45.3) 17 (28.3) 17 (27.4)
Secondary school 10 (15.4) 6 (9.4) 8 (13.3) 4 (6.5)
High School 16 (24.6) 17 (26.5) 20 (33.3) 24 (38.7)
Univertisy 6 (9.2) 6 (9.4) 14 (23.3) 17 (27.4)
Post-graduate degree 0 0 1 (1.7) 0

W: women, M: men, *: p<0.05.

Table-2:  Characteristics of participitants.
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stood at 251(96.5%) subjects. Of them, 129(51.4%) were

females and 122(48.6%) were males. The obese group

had 125(49.8%) subjects (Table 1). There was a significant

difference in the health status perceived by the obese

and non-obese females (p<0.05), while a significant

difference was determined in the males in perceived

health status, use of medications and the presence of

chronic diseases (p<0.05) (Tables 2-3).

Stumbing and a history of falling within the preceding

year was significantly higher in obese females (p<0.05).

In obese males, a significant difference was seen in

respect of history of stumbling (p<0.05). In obese females,

the restriction of activity because of fear of falling was

significantly high (p<0.05). In males, obesity had no

effect on this parameter (Table 4).

0bese W (n=65) Non-obese W (n=64) p value 0bese M (n=60) Non-obese M (n=62) p value

Presence of chronic diseases (diabetes, hypertension, arthritis, hyperlipidaemia, etc.
At least one 46 (70.8) 32 (50) 0.13 45 (75) 24 (38.7) 0.005*
No 19 (29.2) 32 (50) 15 (25) 38 (61.3)
Medications (regular)
Not using 46 (70.8) 50 (78.1) 0.56 47 (78.3) 62 (100) 0.005*
At least one 19 (29.2) 14 (21.9) 13 (21.7) 0
Physical Exercise (per week)
None 51 (78.5) 50 (78.1) 0.96 45 (75) 37 (59.6) 0.39
1-2 times 8 (12.3) 9 (14.1) 14 (23.3) 21 (33.9)
3-5 times 5 (7.7) 1 (1.6) 1 (1.7) 4 (6.5)
Everyday 1 (1.5) 0 0 0
Tobacco use
Yes 11 (16.9) 23 (35.9) 0.12 31 (51.7) 34 (54.8) 0.74
No 54 (83.1) 41 (64.1) 29 (48.3) 28 (45.2)

W: women, M: men, *: p<0.05.

Table-3:  Medical resume and habit of participitants (n/%).

0bese W (n=65) Non-obese W (n=64) p-value 0bese M (n=60) Non-obese M (n=62) p-value

Have you not undertaken an activity or restricted an activity because of a fear of falling?
(Yes, % ) 49.2 10.8 0.005* 21.7 11.3 <0.0001 *
Have you stumbled within the last year?
(Yes, %) 58.5 12.5 0.003* 43.3 11.3 0.01*
Have you fallen within the last year?
(Yes, %) 50.8 35.9 0.03* 46.7 21 0.05
How many times have you fallen in the last year?

1.9±1.1 1.2±0.4 0.03* 1.5±0.7 1.3±0.4 0.5
Have you required medical treatment as a result of a fall or falls? (fracture, bruise, pain)
(Yes, %) 20 10.9 0.01* 9.7 0 0.3

W: women, M: men, *: p<0.05, : t-test and only fallen

Table-4:  Answers to the fallen story scale.

0bese W (n=65) Non-obese W (n=64) p-value 0bese M (n=60) Non-obese M (n=62) p-value

NY PRT 45.1±8 52.1±9.8 0.003* 46.9±6.7 53.1±6.9 0.001*
SLST-eye open-R 20.4±8.5 25.5±5.1 0.08 22±8.1 28.3±3.5 0.002*
SLST-eye open-L 18.9±8.5 25.5±5.9 0.006* 21.4±8.1 28.1±5.4 0.002*
SLST-eye closed-R 11.3±8.1 16.68±9.53 0.03* 14.5±8.9 20.9±8.6 0.009*
SLST-eye closed-L 10.2±7.6 15.7±9.9 0.02* 13.5±8.9 19.1±9.7 0.03*
FRT 24.5±10 30.8±11.9 0.03* 26.2±9.9 33.2±11.9 0.02*
Tinnetti's FES 80.8±16.1 92.6±8.5 0.009* 85.2±13.1 85.6±17.8 0.92
Tinnetti's VAS 4.3±2.6 2.3±1.7 0.01* 2.8±2.3 2.1±1.7 0.38
ABC 1145.6±296.3 1399.3±187.9 <0.0001 * 1348±180.7 1392.5±189.4 0.18

W: women, M: men, NY PRT: New York Posture Rating Test, SLST: Single leg stance test, R: right, L:left, FRT: Functional reach test, Tinnetti's FES: Tinnetti's Falls Efficacy Scale, Tinnetti's
VAS: Tinnetti's Visual Analoge Scale, ABC: The Activities Specific Balance Confidence Scale, *: p<0.05

Table-5:  Results of balance disorder, falling risk and fear of falling (Mean±SD).

Balance disorder, falling risks and fear of falling in obese individuals: cross-sectional ......
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There was significant postural impairment in all the

125(100%) obese individuals and they had all

experienced loss of balance. Obese males had not

experienced fear of falling even if they had loss of balance

and posture impairment and this had no significant

difference to the feeling of confidence (p>0.05). In obese

females, the fear of falling was high and the feeling of

confidence in daily activities was low (p<0.05) (Table 5).

A significant negative correlation was found between

BMI and loss of balance and postural impairment in

males (p<0.05). No correlation was determined between

BMI and the results of the either TFES or ABCS scores

(p>0.05) (Table 6).

Discussion
The study demonstrated that obesity causes loss of

balance in middle-aged individuals. While obese females

with loss of balance experienced fear of falling, no

statistically significant change was determined in obese

males in respect of feeling confident and fear of falling.

An increase in the prevalence of obesity makes it

necessary to take steps to overcome the morbidity and

premature mortality associated with obesity. In addition

to internal diseases, one of the most important public

health problems created by obesity is the risk of falling,

which has become an area of interest for many

researchers.16,17 In a study that examined the factors

related to falls, there was reported to be a relationship

among age, gender and BMI.5 As the groups in the

current study were similar in respect of age, differences

in that parameter were not evaluated. However, in parallel

with literature,5,16,17 obesity was determined to increase

the incidence of falling in females and the incidence of

stumbling in both males and females.

A study examined the effect of obesity on the perception

of health, quality of life and risk of falling, and found that

the risk of falling in obese individuals aged >65 years

was 31% higher than that of non-obese subjects. Those

with a history of falls who were not obese were

determined to have better health status than the obese

subjects with a history of falls.17 Loss of daily activities

following a fall by obese subjects has been found to be

at a higher rate compared to non-obese subjects.2 The

use of 4 or more medications per day has been reported

to increase the risk of falling of obese individuals by 41%,

and diminished quality of life has also been determined

in obese individuals.17 Although the ages of the current

study participants were younger than in some previous

studies,2,17 the perception of health was found to be low

in obese males and females.

Obesity has a negative effect on health perceptions

regardless of age and gender differences. However, in

the current study, there was a greater medication history

in obese males which suggests that the use of medication

creates a greater risk in respect of loss of balance and

the risk of falling in middle-aged males. In contrast to

the results of the current study, a st udy reported that a

history of medication use had a greater effect on females

aged >65 years.6 This could be attributed to the

examination of subjects in a different age range.

Falls are often caused by deficits in signals of the

neuronal, visual and vestibular systems due to impaired

postural stabilisation.16 In addition to the deficits in these

systems, a clear relationship has been identified between

the risk of falling and increased postural fluctuation

associated with increased BMI.16 A study of males aged

10-21 years showed a negative correlation between

clinical balance points and body weight, BMI and body-

fat ratio in obese males. Greater medial and lateral body

oscillation was also determined in the obese males

compared to the non-obese group.18 In measurements

made with sensor systems in elderly obese individuals

aged 65-90 years, it was determined that both, when

attempting to maintain balance in areas more distant

from the centre of balance and when they reached the

centre of balance, were able to stand for a shorter time

than those who were not obese.1

BMI SLST-eo-R SLST-eo-L SLST-ec-R SLST-ec-L NY PRT FRT ABC TVAS TFES

W r -0.3** -0.3** -0.2** -0.2** -0.3** -0.2** -0.3** 0.2** -0.2**
p <0.0001 <0.0001 0.005 0.011 <0.0001 0.004 <0.0001 0.003 0.012

M r -0.3** -0.4** -0.2* -0.1* -0.3** -0.3* -0.1 0.1 -0.1
p <0.0001 <0.0001 0.047 0.04 0.002 0.03 0.14 0.203 0.09

W: women, M:men, NY PRT: New York Posture Rating Test, SLST: Single leg stance test, eo: eye opened, ec: eye closed, R: right, L:left, FRT: Functional reach test,
TFES: Tinnetti's Falls Efficacy Scale, TVAS: Tinnetti's Visual Analoge Scale, ABC: The Activities Specific Balance Confidence Scale, *: p<0.05,**: p<0.01

Table-6:  Correlation of scales and functional tests with body mass index.
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In a study which examined the change in physical

functions according to BMI in individuals aged >65 years,

the results of the SLST with "eyes open" were reported

to be negatively affected by an increase in BMI.19 In the

current study, static balance was evaluated with SLST,

and obesity was found to have a negative effect on both

genders. Compared to the earlier study,19 the shorter

time that balance could be maintained in the current

study was thought to be due to the inadequate exercise

habits of the participants. In addition to static balance,

the dynamic balance measured with FRT was worse in

obese females than males. Literature has shown a greater

increase in postural oscillation, particularly when it was

necessary to maintain balance with the eyes closed.1

This was supported by the current study as balance could

be maintained for a shorter time when the eyes were

closed in both male and female obese individuals.

Factors such as changes in body-fat distribution,

restrictions in joint range of movement (ROM) and

changes in the distribution of weight-bearing on the

joint cause impairment in normal posture in

obesity.16,20,21 In the current study, the posture evaluation

points of the obese individuals were seen to be lower.

Changes in body posture created by obesity cause the

development of compensation / adaptation mechanisms

during the daily life activities (DLAs) of obese

individuals.21-23 These changes in posture form negative

effects on the balance and can increase the risk of

falling.16,23

Obesity causes not only posture deterioration and loss

of balance, but also increases the fear of movement and

falling following loss of balance. This then diminishes

the quality of life of the person. A positive correlation

has been shown between fear of movement and

increased BMI. This fear is more evident in those who

are morbidly obese.24,25 Together with the fear that is

felt, an increasing restriction of activity increases

dependence and this situation becomes a vicious cycle.5,7

In addition to obesity, the fear of falling has also been

determined to be related to the balance status, a low

educational level, female gender and a low perception

of health.26

The middle-aged obese females in the current study

reported that they experienced a fear of falling and,

therefore, restricted their daily activities. However, the

same situation was not observed in the male participants.

Although the obese male participants experienced loss

of balance and were at risk of falling, they had not lost

their sense of confidence in daily activities. Similar results

were obtained in respect of gender in the functional

evaluations, but as the males had a low awareness of

the risk of falling, this makes it difficult to assess the

negativities brought about by the loss of balance in

males. A study presented similar results to those obtained

in the current study from an examination of individuals

aged 60-88 years. Elderly females were more aware of

the characteristics related to function, body composition

and health and could better predict the risk of falling.27

This similarity of results underscores the need for the

application of different preventive methods against the

risk of falling in males and females.

The strength of the current study was the matched study

design, and the use of validated tests and questionnaires.

Limitations included its single-centre cross-sectional

design, and a small sample size in a relatively limited

age range. Also, there could have been deficiencies in

the reponses to questions because of recall bias. Besides,

parameters that could affect balance, such as muscle

strength, were not evaluated.

Conclusion
Obesity created similar losses in balance and posture in

both males and females. Balance and posture training

must be included in exercise interventions that should

be part of multidisciplinary approaches to obesity.
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