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RELATIONSHIP BETWEEN BALANCE AND FEAR OF 
FALLING IN GERIATRIC TYPE 2 DIABETES MELLITUS 

PATIENTS

ORIGINAL ARTICLE

ABSTRACT
Purpose: The purpose of this study was to compare balance parameters and fear of falling 
in geriatric individuals with and without type 2 diabetes mellitus (DM), and to investigate the 
relationship between balance and fear of falling in these groups.

Methods: The study included 31 type 2 DM patients who were diagnosed by a specialist and 29 
age-matched controls. Fear of falling was assessed using the International Fall Efficacy Scale. The 
balance parameters including the center of the pressure (COP) which are the COP length and the 
COP velocity were measured and recorded using a gait analysis system, in standing position. The 
balance was also assessed using timed up and go test (TUG). 

Results: There was a significant difference between diabetic and control groups regarding COP 
length (p=0.021) and COP velocity (p=0.028). In the diabetic patients, there was a statistically 
significant relationship between fear of falling and COP length (p=0.001) and COP velocity 
(p=0.001). There was a significant correlation between TUG and COP velocity (p<0.001) and COP 
length (p<0.001) in type 2 DM patients.

Conclusion: In elderly with type 2 DM, increased balance disturbances occurred compared to age-
matched individuals without DM, and fear of falling was associated with balance in geriatric type 
2 DM patients. It is, therefore, vital to understand the changes occurring in balance so that future 
complications may be prevented, early diagnosis and intervention may be achieved in the event of 
a problem, and a decision about appropriate approaches for treatment can be made.
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GERİATRİK TİP 2 DİYABETES MELLİTUSU OLAN 
HASTALARDA DENGE PARAMETRELERİ VE DÜŞME 

KORKUSUNUN İLİŞKİSİ

ARAŞTIRMA MAKALESİ

ÖZ
Amaç: Bu çalışmanın amacı, tip 2 diyabeti olan ve olmayan geriatrik bireylerde denge parametreleri 
ve düşme korkusunu karşılaştırmak ve bu gruplarda denge parametreleri ve düşme korkusu 
arasındaki ilişkiyi incelemekti.

Yöntem: Çalışmaya, uzman hekim tarafından tip 2 diyabet tanısı konulmuş 31 hasta ve aynı yaş 
grubunda 29 kontrol grubu dahil edildi. Düşme korkusu Uluslararası Düşme Etkinlik Skalası ile 
değerlendirildi. Denge ile ilgili basınç merkezi (BM) uzunluğu ve BM hızı ayakta durma pozisyonunda, 
yürüme analiz sisteminde, Zebris FDM-2 cihazıyla kaydedildi. Katılımcıların dengesi aynı zamanda 
süreli kalk yürü testi (SKYT) ile değerlendirildi.

Sonuçlar: Diyabetli grup ve kontrol grubu arasında BM uzunluğu (p=0,021) ve BM hızı (p=0,028) 
açısından anlamlı bir fark bulundu. Diyabetli hastalarda düşme korkusu, BM hızı (p=0,001) ve BM 
uzunluğu (p=0,001) arasında istatistiksel olarak anlamlı bir ilişki bulundu. Diyabetli hastalarda SKYT, 
BM hızı (p<0,001) ve BM uzunluğu (p<0,001) arasında istatistiksel olarak anlamlı bir korelasyon 
bulundu.

Tartışma: Geriatrik tip 2 diyabetli kişilerde, aynı yaş aralığındaki kontrol grubu ile karşılaştırıldığında 
daha fazla denge bozukluğu görülmüş ve düşme korkusu tip 2 diyabetli kişilerde denge ile ilişkili 
bulunmuştur. Bu nedenle, dengede meydana gelen değişiklikleri anlamak önemlidir. Böylece 
diyabetik hastalarda ortaya çıkabilecek komplikasyonlar önlenebilir; sorun olması durumunda erken 
tanı ve müdahale sağlanabilir ve tedaviye yönelik uygun yaklaşımlar hakkında bir karar verilebilir.

Anahtar Kelimeler: Denge; Diyabetes Mellitus; Korku; Düşme.
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INTRODUCTION

Diabetes mellitus (DM) is a chronic disease that 
occurs when there are raised levels of glucose in 
the blood because the body cannot produce any or 
enough of the hormone insulin or use insulin effec-
tively (1). Type 2 diabetes is the most common type 
of diabetes, accounting for around 90% of all cases 
of diabetes (2). Diabetes is a growing health prob-
lem. Some 425 million people worldwide, or 8.8% 
of adults aged between 20-79 years, are estimated 
to have diabetes. By year 2045, 629 million people 
aged between 20-79 years, will have diabetes (3). 
Diabetes indicates high prevalence in people old-
er than 65 years. In 2017, it is estimated that the 
number of people with diabetes will be 122.8 mil-
lion among the people aged between 65-99 years, 
and the prevalence will be 18.8% (3). 

Healthy aging is associated with slower cogni-
tive processing, slower postural reactions, and 
decreased muscle strength, all of which are as-
sociated with balance problems (4). This process 
is progressing rapidly in elderly with type 2 DM 
(4). Chronic microvascular complications of dia-
betes are nephropathy, neuropathy, and retino- 
pathy which may cause some impairments 
including reduced balance (3). Performance of 
the balance system is commonly assessed in the 
laboratory by quantifying sway during quiet up-
right stance. The most commonly used measures 
of sway are various parameters derived from the 
center of pressure (COP) (5). The COP is defined 
as the point of application of the ground reaction 
forces under the feet (6). The COP path length and 
the mean COP velocity are the parameters derived 
from COP used to asses balance (7).

The FOF is described as ongoing concern about 
falling that ultimately limits the performance of 
daily activities by Tinetti and Powell (8). Another 
description has referred to FOF as a patient’s loss 
of confidence in his or her balance abilities (9). Pa-
tients with DM may have balance problems and 
FOF (10). The FOF decreases willingness to mo-
bility leading to decrease exercise and/or physical 
activity which are effective methods for controlling 
blood glucose. There is also a reduction in quality 
of life through muscle weakness, postural instabil-
ity, and gait abnormalities, and an increase in the 

incidence of fall-related secondary injuries (11). 
Therefore, FOF and balance may affect each oth-
er. However, there is a lack of study evaluating the 
relationship between FOF and balance objectively 
in elderly with type 2 DM in comparison with those 
without type 2 DM. The purpose of this study was 
to compare the balance parameters and FOF in 
geriatric individuals with and without type 2 dia-
betes, and to investigate the relationship between 
balance parameters and FOF in these groups.

METHODS

Subjects 

Between April and August 2016, 31 patients with 
type 2 DM and 29 age-matched control group were 
included in the study. Diabetes group was composed 
of persons who were diagnosed as type 2 DM by an 
endocrinologist, and the control group consisted of 
people who were not diagnosed as type 2 DM by 
the endocrinologist. The Ethics Board for Clinical 
Research at Dumlupinar University approved the 
study protocol (2016-5/14,04, 2016), and a written 
informed consent form was obtained from all par-
ticipants. Subjects with type 2 DM were included 
in the study if they were over the age of 55 years 
and independently ambulatory without assistive 
devices (12). Subjects with type 2 DM were ex-
cluded if they had a history of severe neurological 
disease or orthopedic problem, foot ulcers, severe 
visual impairment, severe cardiovascular and respi-
ratory diseases, active cancer, or peripheral neu-
ropathy (4,13). Control group was included if they 
were not diagnosed as type 2 DM by the endocri-
nologist, and they were over the age of 55 years 
and independently ambulatory without assistive 
devices.

Clinical Evaluation 

Study participants underwent a comprehensive 
assessment including age, gender, visual prob-
lems, falling history, and chronic diseases. The FOF 
was assessed using the International Falls Effica-
cy Scale (FES) (14,15), which evaluates concerns 
about falling during 16 daily activities, scored from 
1 (not at all concerned) to “somewhat” (2), “fairly” 
(3), and “very concerned” (4) yielding a maximum 
score of 64 (the higher the score, the worse the 
concern) (15). 
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Balance Evaluation

The balance was assessed using the timed up and 
go test (TUG) (16). The starting position of the test 
was standardized. The test was initiated at the 
position where the patient's feet were flat on the 
floor with arms positioned on the armrest of the 
seat. The TUG measures the time in seconds with 
a chronometer: the time it takes to stand up from 
a chair, walk 2.8 feet, turn around, walk back, and 
sit down. The best of three trials was used in the 
analysis. Shorter time shows better balance and 
mobility (17).

Balance parameters were recorded using gait anal-
ysis system (Zebris™ FDM-2, Zebris Medical GmbH, 
Germany). The Zebris FDM-2 is a device used in 
gait and balance assessment that has a frequency 
range of 120 Hz, a length of 2122 cm, a width of 
605 mm, and a height of 21 mm, and 15360 sen-
sors. The measuring plates enable the static and 
dynamic force distribution to be analyzed under the 
feet while standing and walking. When analyzing 
stance, the left/right load, as well as the fore and 
back foot are displayed as a numeric value and in 
a bar chart. The line connecting the main points of 
the body provides immediate information on asym-
metrical load distribution. The measured data were 
recorded over a defined period, in which the results 

were averaged. The data obtained from the device 
were recorded in a report via Zebris software in-
stalled on the computer (18). 

The participants were instructed to remain in an 
orthostatic position with an unrestricted base that 
brought comfort, with no movements of the upper 
limbs and maintaining the eyes on a target at-
tached to the wall at a distance of 1 m from the 
platform at eye level. The participants performed 
the test barefoot, with eyes open. Each data col-
lection time was 30 seconds (19). The COP param-
eters assessed in this study were COP velocity (cm/
sec) and COP length (cm). An increase in COP ve-
locity is thought to represent a decreased ability to 
control posture whereas a decrease in the velocity 
represents an increase in the ability to maintain 
an upright stance (20). The path length of the COP 
serves as a valid outcome measure in diverse pop-
ulations and balance conditions (21).

Statistical Analysis

The Statistical Package for the Social Sciences, 
Version 13 for Windows (SPSS, Inc., Chicago, IL, 
USA) was used to conduct the statistical analysis. 
The Kolmogorov-Smirnov Test was used to analyze 
the normal distribution of the parameters. Para-
metric tests were applied because the parameters 
were normally distributed. The Student t test was 

Table 1: Characteristics of the Subjects.

Variables Diabetes
(n=31)

Control
(n=29) p

Age (years) 62.90±6.10 60.93±5.25 0.186

Height (cm) 162.48±9.01 164.17±9.84 0.491

Weight (kg) 84.60±16.30 78.60±18.57 0.232

BMI (kg/m2) 31.82±5.60 29.00±5.98 0.065

TUG (sec) 11.87±3.98 9.31±2.17 0.003*

FES Score 22.16±9.57 20.62±6.17 0.465

Chronic Diseases, n (%) 21 (67.7) 15 (51.7) 0.209

Fall History, n (%) 4 (12.9) 7 (24.1) 0.265

Visual Problems, n (%) 18 (58.1) 23 (79.3) 0.080

*p<0.05. Data are shown as Mean±standard deviation or frequency and percentage. BMI: body mass index, TUG: Timed Up and Go test, FES: Fall Efficacy Scale.

Table 2: Comparison of Center of Pressure Parameters of the Diabetic and Control Groups.

COP Parameters Control (n=29)
(Mean±SD)

Diabetic (n=31)
(Mean±SD) p Cohen’s d

Length (cm) 240.75±109.40 350.41±224.81 0.021* 0.62

Velocity (cm/sec) 8.34±3.82 11.96±7.82 0.028* 0.58

*p<0.05. COP: Center of Pressure.
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used for testing the significance of the difference 
between the mean difference in the two groups. In 
both the diabetic and control groups, the relation-
ship between COP and FOF and TUG parameters 
was analyzed using Pearson’s correlation test. Cor-
relation coefficients was interpreted as in Pear-
son’s correlation test; 0.00-0.19 no relationship, 
0.20-0.39 weak relationship, 0.40-0.69 moderate 
relationship, 0.70-0.89 strong relationship, and 
0.90-1.00 very strong relationship (22). The effect 
size of differences in COP parameters in the dia-
betes group and the control group was assessed. 
If Cohen's d value is less than 0.2, the effect size is 
weak, if it is 0.5, it is medium, and if it is larger than 
0.8, it is defined as strong (22). A significance level 
of p<0.05 was determined.

RESULTS

Clinical variables and demographic information 
are given in Table 1. No significant difference was 
found regarding age, height, weight, BMI, presence 
of chronic disease, visual impairment, and fall his-
tory between patients and controls (p>0.05). The 
duration of diabetes in patients was 11.17±7.64 
(0.50-28) years. There was no statistical difference 
in FOF between patients and controls (p=0.465). 
A statistically significant difference was found 
between the two groups in the TUG test (p=0.003) 
(Table 1). 

There was a significant difference between dia-
betic and control groups regarding COP parame-
ters (p=0.021, p=0.028) (Table 2). In the diabetic 
group, there was a moderate correlation between 
COP length and velocity and FOF (r=0.546, p=0.001 
and r=0.556, p=0.001). In the control group, there 
was no relationship between COP parameters and 
FOF (p>0.05) (Table 3). There was a strong correla-

tion between COP velocity, COP length, and TUG 
(r=0.758, p=0.001 and r=0.763, r=0.001). In the 
control group, there was no relationship between 
COP parameters and TUG (p>0.05) (Table 3).

DISCUSSION

The current study was the first to investigate the 
FOF and COP based findings of balance in elderly 
with type 2 DM and age-gender matched controls. 
This study showed that there was a relationship 
between FOF, COP length, and COP velocity in el-
derly with type 2 DM but there was no relationship 
in the controls. 

Balance is commonly assessed in the laboratory 
using quantifying sway during upright stance. The 
most commonly used measures of sway are vari-
ous parameters derived from temporal patterns of 
COP (23). The COP is calculated from ground-re-
action forces. It reflects the path of the center 
of mass and the amount of torque applied to the 
support surface to control body-mass acceleration 
(24). Several studies have shown the reliability of 
COP parameters during quiet standing in the elder-
ly (23). However, there is no study published about 
COP parameters in elderly diabetic patients.

The COP velocity has been used to assess changes 
in COP (25). An increase in COP velocity is thought 
to represent a decreased ability to control pos-
ture, whereas a decrease in the velocity represents 
an increase in the ability to maintain an upright 
stance (20). In this study, COP velocity was high-
er in diabetic group compared to control group. 
According to our results, higher COP velocity may 
reflect the worse balance in type 2 DM patients. 
The path length of the COP serves as a valid out-
come measure in diverse populations and balance 
conditions (21). In the current study, COP length 

Table 3: The Relationship between Fear of Falling, Timed Up and Go Test, and Center of Pressure Parameters in Diabetes 
and Control Groups.

Test Groups COP Length (cm) COP Velocity (cm/sec)

FOF
Diabetes (n=31) r=0.546

p=0.001*
r=0.556

p=0.001*

Control (n=29) r=0.292
p=0.125

r=0.281
p=0.140

TUG
Diabetes (n=31) r=0.758

p=0.001*
r=0.763

p=0.001*

Control (n=29) r=0.220
p=0.253

r=0.210
p=0.275

*p<0.01, r: Pearson’s correlation test, COP: Center of Pressure, FOF: Fear of Falling, TUG: Timed Up and Go.
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was longer in diabetic group compared to control 
group. Increased COP length may be an adaptation 
for maintaining balance control. Whereas FOF af-
fected COP length in diabetic patients, it did not 
affect in controls. Tander et al. showed that dia-
betic patients have more balance disturbances 
compared to age-matched individuals without DM 
(10). Whereas FOF affected COP velocity in diabet-
ic patients probably due to a lower FOF in control 
groups compared to diabetic clinically. Elderly with 
low levels of FOF use an adaptation mechanism 
optimizing balance, rather than showing decreased 
balance control (26). Findings of Reelick et al. sup-
ported our results. They found that in healthy elder-
ly population, FOF did not influence balance param-
eters (26). Some studies showed that FOF affected 
balance in people with diabetes (10,27) using Berg 
Balance Scale for assessing balance. In our study, 
we used force platform for assessing balance. This 
method is more objective than clinical scales (23).

The TUG test is an important clinical test for as-
sessing balance, mobility, and risk of fall. Similar to 
our findings, some studies showed that TUG time 
was longer in elderly diabetics compared to healthy 
individuals (28,29). The TUG significantly correlat-
ed COP length and COP velocity. If there is a lack 
of force platform or gait analysis system to assess 
balance, TUG test may be used reliably in the daily 
clinical practice.

One of the limitations of our study was that many 
factors can affect balance in patients with type 2 
diabetes. Nevertheless, our study is clinically rele-
vant because FOF is one of the factors affecting 
balance, and our study showed that FOF has an ad-
verse effect on balance. 

In conclusion, our study showed that in elderly with 
Type 2 DM had more balance disturbances com-
pared to age-matched individuals without DM. 
While there was no significant difference regarding 
FOF between diabetics and controls, FOF affected 
negatively balance in diabetic patients. The TUG 
correlated COP length and COP velocity. The COP 
parameters may be used reliably for assessing bal-
ance in the daily clinical practice. It is, therefore, vi-
tal to understand the changes that occur in balance 
so that possible complications in diabetic patients 
may be prevented, early diagnosis and intervention 

may be achieved in the event of a problem, and a 
decision about appropriate approaches for treat-
ment could be made. For further study, the recom-
mendation would be that studies are undertaken to 
explore the short and long-term effects of balance 
training and fear of falling should be taken into ac-
count in geriatric Type 2 DM patients. 
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