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Abstract 

Background: Diabetes mellitus (DM) is one of the most common chronic non-communicable diseases (NCD). 
Objectives: The present study aimed to investigate the relationship between demographic and clinical data with balance impairments in 
people with diabetic peripheral neuropathy (DPN), considering the importance of early detection of balance impairments in this 
population. 
Methods: Forty-three patients with DPN were evaluated in this cross-sectional study. Age, disease duration, height, weight, and physical 
activity, along with blood sugar samples and neuropathy disability scores were collected to explore correlations with the balance 
evaluation system test (BESTest) in this population. 
Results: A significant weak to moderate correlations was found between physical activity (p-value=0.046/ CC= 0.286), severity of 
neuropathy (p-value=0.025/ CC= -0.317), and gender (p-value=0.032/ CC= -0.311) with BESTest, using multivariate linear regression 
analysis.  
Conclusion: It is recommended that diabetic patients with a sedentary lifestyle, more severe scores on neuropathy screening 
instruments, and female patients be referred for early screening of balance disorders regardless of age and disease duration. Also, 
increasing physical activity to prevent balance impairments in the future can be recommended. 
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1. Background 

Diabetes mellitus (DM) is one of the most 
common chronic non-communicable diseases (NCD). 
According to the latest estimates, the prevalence of 
DM is rapidly increasing among other NCDs, reaching 
592 million by 2035 (1,2). One of the most common 
and chronic consequences of DM is diabetic 
peripheral neuropathy (DPN), which affects 
approximately 50% of those suffering from diabetes. 
Distal symmetrical neuropathy (DSN) is the most 
common type of neuropathies (3). DSN destroys or 
wastes afferent nerve fibers of lower extremities 
which results in defection or loss of accurate 
proprioceptive feedback, body instability, balance 
disorders, and gait disturbances (3,4). Numerous 
studies have identified these consequences as risk 
factors for falls down (1,5-7) which alone may 
increase the risk of falls by 2 to 4 times in healthy 
elderly (8,9). Powell et al. (10) found that 29% of 
people with DPN fell in the past year of which 73% 
fell twice or more. Previous studies have reported 
that the possibility of injury following a fall in the 
DPN population is 15 times more than healthy and 
diabetic individuals without neuropathy (11-13). The 
double risk of falling in these people, in addition to 

fear avoidance behavior, followed by decreased daily 
activity and quality of life (14-16) leads to a decrease 
in tissue healing rate after injury, infection, gangrene, 
or amputation (4,17). Therefore, preventing falls in 
people with diabetic neuropathy is very important, 
which requires an early diagnosis of balance 
disorders in this population (18,19).  

Balance control is a complex interaction between 
sensory and motor systems. The sensory systems 
involved in this process are the somatosensory, 
visual, and vestibular systems (20). Balance 
impairment occurs if any of the above-mentioned 
sensory systems are affected, and falls will be 
expected if diagnosis and treatment are postponed 
(18,19). Some of the known risk factors for falls 
include peripheral neuropathy, physical performance 
decline, and visual impairments, which are common 
among people with diabetes. Studies have shown that 
the risk of falling in the diabetic population is higher 
than in the control group (6,7). Furthermore, 
fractures after falling are more common in this 
population (7). 

The existence of balance impairments in the DM 
population has been well documented by previous 
studies (13,18,21-25). However, the assessment 
procedure requires balance assessing instruments, 
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questionnaires, and experts which is a time-
consuming process due to the importance of early 
screening of balance disorders. Additionally, it is 
accepted that a relationship between demographic, 
habitual, and clinical data (age, physical activity, 
blood glucose level, neuropathy severity) was found 
with balance (13,19,21,24,26-29). Since these data 
are easily and promptly obtained by the history of the 
patient, we can determine factors having the 
conditions for predicting balance changes in this 
population, we will be able to identify people at risk 
for balance impairments and falling sooner and refer 
them to the appropriate medical centers for further 
examination and treatment.  

 

2. Objectives 

The present study aimed to detect the 
relationship between balance performance with 
demographic and clinical characteristics of patients 
with diabetic neuropathy.    

 

3. Methods 

3.1. Study Design 
This descriptive-analytic study was conducted at 

Musculoskeletal Rehabilitation Research Center, 
Ahvaz Jundishapur University of Medical Sciences, 
Ahvaz, Iran. The study protocol was approved by the 
Human Research Ethics Committee of Ahvaz 
Jundishapur University of Medical Sciences 
(IR.AJUMS.REC.1397.436). 

 
3.2. Participants  

The participants of this cross-sectional survey 
were selected from diabetic patients who were 
referred to Golestan Hospital and Diabetes Research 
Center in Ahvaz, from September 2020 to March 
2021. At the first stage, 74 patients were identified, 
22 of whom refused to participate in the study for 
personal reasons, and 9 were excluded from the 
study due to having a pacemaker, total knee 
arthroplasty, active breast cancer, lower back pain, 
lower limb lymphedema, and foot ulcer. Finally, 43 
patients including 28 women and 15 men were 
participated in the study. The inclusion criteria were 
existence of diabetes diagnosed by endocrinologist 
and neuropathy confirmed by laboratory and clinical 
tests. Participants were excluded from the study if 
they suffered any of the followings: foot ulcers, 
dizziness, visual acuity improvement less than 20/70, 
partial or total amputation of lower limbs, and a 
history of cardiovascular, vestibular, musculoskeletal, 
rheumatologic, or neurological disorders (other than 
DN) (11, 18, 19, 23, 24, 30, 31). A written informed 
consent was obtained from the participants before 
conducting the study. 

 

3.3. Demographic information: 
A part of this information was obtained by 

completing a questionnaire including personal 
information, medical history, habits, and daily 
activities. Afterwards, height and weight of the 
participants were taken using meter and digital 
scales, respectively. The body mass index (BMI) for 
each participants was calculated by dividing the 
weight (kg) by the square of the height (m2). Disease 
duration was considered as the duration (years) the 
patient has been diagnosed with diabetes.    

 
3.4. Blood glucose: 

The participants were asked to have a blood test 
at Ahvaz Golestan Hospital, to measure fasting blood 
glucose (FBS) and blood glucose two hours after 
having a meal (2hpp). 

 
3.5. Neuropathy assessment: 

The criteria of diagnosing DPN in this study were 
one of the followings: 

1. Results of nerve conduction studies for Sural 
(cut offs: a delay of uttermost 4msec, and 10µv least 
amplitude) and Tibial (cut offs: 38m/sec least 
conduction velocity, and 2mv least amplitude) 
nerves. 

2. Score of Neuropathy Disability Score (NDS) 
(32-36): This contains two sub-scales: a)Reflex 
assessment for Achill tendon, and b)Sensory 
assessments including vibration (measured with 128 
Hz tuning fork) , pain (assessed by pin-prick test), 
and temperature (tested with warm and cold water). 
NDS scores equal to/higher than 3 indicates the 
presence of neuropathy. Mild neuropathy is indicated 
by a score 3-5, moderate neuropathy is inferred from 
a score of 5-6, and a score higher than 6 
demonstrates a sever neuropathy. 

 
3.6. Balance assessment: 

Balance evaluation system test or BESTest is a 
functional balance questionnaire developed by 
Horak et al in 2009, aimed to evaluate foundational 
systems involved in balance control. It contains 36 
isolated items (27 task) situated in 6 sub-groups 
shown in figure 1. Item-level scores could range 
from zero to three. Maximum scores for each of the 
6 sub-groups are 15, 21, 18, 18, 15, and 21; 
therefore, the total test ranges from 0-108 where 
increase in BESTest score means better balance 
performance and less impairment. Intraclass 
correlation coefficient (ICC) for interrater reliability 
was calculated 0.91 as a hole, and between 0.79 and 
0.96 for each part. Kendal coefficient of concordance 
among raters was reported to be 0.46 to 0.100 for 
each part; additionally, concurrent validity 
correlation between BESTest and ABC was 0.636 
(p<0.01) (37). 
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Figure 1. Sub-groups of balance evaluation system test (BESTest) 

 
3.7. Statistical analysis: 

Mean, median, and inter-quartile range were used 
to describe the data. In order to assess the normality 
of the data, Kolmogorov-Smirnov test and quartile-
quartile plot were performed. Nonparametric tests 
were utilized, according to the matter that BESTest 
data were deviated from normal values.  
Furthermore, in order to perform multivariate 
analysis of the data, due to the fact that the data was 
skewed to the left, the variables were skewed to the 
right using the following quotation. Afterwards, 
deviation from normality was eliminated using 
variable transformation. 

Variable transformation quotation = max + 1 – variable 
Mann-Whitney test and Spearman correlation 

coefficient were used to assess the strength between 
associations of two variables. In order to find the best 
fit multivariate model, backward elimination linear 
regression was utilized. The level of significance was 
set at 0.05. All analysis were performed using SPSS 
software version 22.  

 

4. Results 

4.1. Descriptive information 
Twenty eight female and 15 male making a total 

number of 43 people suffering DPN participated in 
this study. The descriptive statistics of the 
participant's demographic information, laboratory 
and balance tests are given in table 1. 

 
4.2. Univariate analysis 

Table 2 reveals the result of Spearman's 
correlation and Mann-Whitney test analysis. Due to 
the results, and by using univariate analysis, 
physical activity, NDS of the participants, and 
female gender were correlated with BESTest score, 
with p-values of 0.043, 0.016, and 0.049, 
respectively. Hence, according to correlation 
coefficients of univariate analysis, with 0.309 unit 
increase in weekly physical activity, and 0.366 unit 
decrease in NDS score, BESTest score increases by 
one point.  

 
4.3. Multivariate analysis  

By using backward elimination linear regression, 
multivariate analysis was conducted (Table 3). As 
presented in table 3, three variables of physical 
activity, NDS, and gender were significantly 
correlated with BESTest score and entered in the 
model. In other words, the simultaneous existence of 
the abovementioned factors, indicated a significant 

 
 
 

Table 1. Descriptive analysis of demographic characteristic, laboratory, and balance tests of participants 

Variable Mean (SD) Median Maximum Minimum 
Age (year) 57.65 (12.79) 59 73 27 
Height (cm) 163.9 (26.27) 162 185 151 
Weight (kg) 78.63 (17.76) 80 102.9 52.8 
BMI (kg/m2) 29.42 (7.08) 29.38 42.83 18.99 
Disease duration (year) 12.16 (7.11) 10 30 1 
Physical activity (min/week) 77.67 (132.81) 0 480 0 
NDS 6.04 (2.29) 7 9 0 
FBS (mg/dL) 170.72 (74.69) 144 330 74 
2hpp (mg/dL) 253 (95.89) 236 420 131 
BESTest score 85.76 (25.34) 92 108 23 

BMI: body mass index, NDS: neuropathy disability score, FBS: fasting blood sugar, 2hpp: blood glucose 2 hours post prandial, BESTest: 
balance evaluation system test 
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Table 2. Results of Spearman's correlation and Mann-Whitney test analysis 

Variable ρ p-value 
Age -0.224 0.149 
BMI -0.234 0.131 
Disease duration -0.137 0.382 
Physical activity 0.309 0.043 
NDS -0.366 0.016 
FBS 0.199 0.200 
2hpp 0.190 0.222 

Gender* 
Female 

80.50 ± 25.10 
91 (29.5) 

0.049 
Male 

95.60 ± 9.22 
96 (15) 

BMI: body mass index, FBS: fasting blood sugar, NDS: neuropathy disability score, ρ: Spearman's correlation coefficient, 2hpp: blood glucose 
2 hours post prandial 
The statistically significant values are shown in bold 
*Mann-Whitney test was performed due to the descriptive essence of the variable  

 
correlation with BESTest score. The most influential 
factor of this model was NDS score (p-value 0.025/ 
Beta: 0.317), which was found that with 0.317 unit 
decrease in NDS score, one point was added to the 
balance score. The second influential factor was 
gender (p-value 0.032); accordingly, in female 
participants, balance score was significantly lower 

(Beta: 0.311). Physical activity was the third 
influential factor (p-value 0.046/ Beta: 0.286), so that 
we found a 0.286 unit increase in physical activity for 
every one point increase in point BESTest score. In 
other words if patient exercises for approximately 
171.6 min/week, then BESTest score was increase by 
9.2% (10 points).   

 
Table 3. Results of stepwise linear regression analysis 

Variable B 95% CI Beta p-value 
Physical activity 0.004 0.001, 0.009 0.286 0.046 
NDS -0.313 -0.585, -0.041 -0.317 0.025 
Gender -1.351 -2.578, -0.123 -0.311 0.032 

NDS: neuropathy disability score, Beta: correlation coefficient  
The statistically significant values are shown in bold 

 
5. Discussion 

The current study was aimed to discover 
relationships between demographic and clinical data 
with balance impairments in people with diabetic 
neuropathy; for the purpose of early detecting 
patients prone to balance disorders, to prevent falls 
in this population. Accordingly, we performed 
correlation models to detect whether patients age, 
disease duration, BMI, NDS score, physical activity, 
FBS, and 2hpp had significant relations with BESTest 
score. The results of multivariate analysis showed 
that the presence of three factors of physical activity, 
neuropathy severity, and gender simultaneously  
and independently, is associated with balance 
performance.  

The results of our study showed significant 
correlation between physical activity and balance in 
people with DPN. Several studies have concluded that 
proper physical activity displays an important role in 
reversing the progression and development of 
neuropathy in people with diabetes (30, 38-40). 
Likewise, results from a RCT conducted by Morrison 
et al. (41) demonstrated an improvement in dynamic 
balance following 12 weeks of aerobic exercise. To 
the best of the author's knowledge, there were no 
studies evaluating the relationship between physical 
activity and balance performance. Therefore, we 

conclude there may be a significant association 
between the hours DPN patients exercised in a week, 
and balance performance. By interpreting the results 
of regression analysis utilized in our study, it was 
deduced that there was approximately 171.6 
min/week (24.5 minutes daily) increase in physical 
activity for 9.2% (10 point) increase in BESTest 
score, in other words balance performance. 

In our study, the severity of neuropathy which was 
documented via NDS, demonstrated negative 
correlation with balance disorders. To be specific, the 
lower the severity of the neuropathy, the better the 
balance performance. This finding was consistent with 
several studies which found significant correlation 
between vibration perception threshold score (28),  
Michigan neuropathy screening instrument (29, 42), 
Valk score (21, 23), some NCV parameters (19), and 
diabetic neuropathy examination questionnaire (24) 
and balance impairments. In contrast, the results from 
the study of Nardone et al. (13) did not find any 
correlation between balance impairments and NDS 
score, and electrophysiological assessment of large 
motor, and sensory fibers of lower limb.  

There was a significant correlation between 
female sex and balance impairments, according to our 
study. Baharlouei et al (43) found similar results in 
elderly population. To the best of our knowledge, 
there were no similar studies investigating the 
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association between gender and balance impairments 
in people with DPN. Although a study directed by 
Kukidome et al. (27) revealed a significant 
correlation between female sex and risk of falls in 
people with diabetic neuropathy. Since fall is a 
consequence of balance impairments, it can be 
concluded that the finding of our study is in line with 
the result of the study conducted by Kukidome at al. 
(27).    

Consistent with the finding of our study, 
Toosizadeh et al. (28) did not find any significant 
correlations between stabilogram diffusion 
parameters and age. Additionally, in a study 
performed by Yamamoto et al. (19) there were no 
significant correlation between most GRAVICHART 
parameters and age, however; they found significant 
correlations between only 2 of  6 GRAVICHART 
parameters and age. Also Simoneau et al. (25) found a 
significant correlation between postural instability 
and aging.  

In contrast to the results of the study conducted 
by Toosizadeh et al (28), our analysis did not 
displayed a significant association between disease 
duration and balance performance. The result is 
consistent with studies conducted by Yamamoto et 
al.(19), and Kukidome et al.(27), which did not find 
significant correlation in most of the assessed balance 
measures in their study. This lack of association may 
be due to the fact that during the lifespan of a diabetic 
patient, coping and compensations may occur to 
improve the balance controlling function, as it has 
been clarified that this people have visual 
dependency and compensated proximal hip and 
pelvis musculature for balance control instead of 
distal ankle muscles which are most affected by the 
disease(18, 23). 

In the current study, we used FBS and 2hpp as 
indicators for glycemic control. As shown in tables 2 
and 3, there were no significant correlation was 
observed between glycemic control and balance 
impairments. This finding was in line with the study 
mediated by Timar et al (29) which did not find any 
correlations between HbA1C –as an indicator of 
glycemic control- and balance performance.  On the 
contrary, Yamamoto et al. (19) and Emam et al. (26) 
found that HbA1C was significantly correlated with 
balance control. In case of falls, the results of Tilling 
et al. (44) revealed a significant correlation between 
A1C and risk of falls. On the contrary, and similar to 
our results, Miller et al. (45) and Schwartz et al. (46) 
found no correlation between A1C and risk of falls; 
concluding that there were no relationship between 
poor glycemic control and falls.   

The results of the current study revealed no 
correlations between BMI and balance problems. 
Toosizadeh et al. (28) also did not find any 
correlations between BMI, height, or weight of the 
participants with balance ability; whereas, Yamamoto 
et al. (19) found them significantly correlated. 

According to the results of current study and the 
study conducted by Toosizadeh et al. (28) , BMI does 
not affects balance ability in people with DPN.  

 
5.1. Limiations and recommendation for future studies 

Although, the number of patients was sufficient 
for statistical analysis, we suggest recruiting more 
patients in future studies in order to investigate the 
association between multiple factors and balance 
control in DPN population. Furthermore, as HbA1C 
has the ability to reveal blood glucose in the last three 
months, it may be a better index for evaluating 
glycemic control; therefore, it is suggested to use 
HbA1C to probe the relationship between glycemic 
control and balance control. Moreover, the authors 
suggest exploring this association not only in DPN 
patients, but also in diabetic patients without 
neuropathy. 

 

6. Conclusion 

Our study confirmed the association between 
physical activity, neuropathy severity, and gender 
with balance in DPN patients, in such a way that with 
decrease in physical activity, increase in NDS, and 
having a female gender, balance disorders are more 
likely to develop. Accordingly, it is recommended that 
in order to prevent the irreversible consequences, 
diabetic patients presenting singly or concurrently 
lesser physical activity, more sever neuropathies, and 
female gender, should be aware of their balance 
situation and referred for early screening of balance 
disorders; regardless of their age or duration of 
disease. Interestingly, according to the results of this 
study one of the predictors of balance disorders in 
these people was physical activity in such a way that 
with 9.2% increase in BESTest score, there is 
approximately 24.5 min/day increase in physical 
activity. Therefore, this suggestion could be made to 
diabetic patients that it is best to increase your 
physical activity to prevent future balance 
impairments. 
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