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ABSTRACT

Objective: To analyze the impact of the Peripheral Diabetic Neuropathy 
(PDN) on the postural and functional balance and quality of life of 
Brazilian older adults. Methods: A cross-sectional study. Sixty older 
men and women (60-79 years) were divided into three groups: 
control, DM without and with PDN. The following parameters were 
evaluated: anthropometry; quality of life; postural balance (BESTest); 
functional balance in force plate (NeuroCom Balance). Results: 
PDN group presented significant differences compared with the 
other groups, with the worst performance in quality of life than DM2 
without PDN in: sensory functioning (p = 0.030); past and future  
(p = 0.036); death and dying (p = 0.035). Postural balance deficit 
in the total score (p = 0.025) and biomedical constraints section  
(p = 0.043) of the BESTest, compared with DM2 without PDN (p = 0.007).  
In the functional balance (Neurocom), PDN group presented a worse 
performance in the time spent on the left side (p = 0.030) than the 
control group. During step up over test, the control group performed 
the task faster than the group with PDN (p = 0.004). Conclusion: This 
study showed that neuropaths presented worse physical performance 
and postural balance deficits, sensorial limitations, affecting the 
daily tasks and, as a consequence, decreasing the quality of life 
in Brazilian older adults. Level of Evidence II, Cross-sectional 
observational study.

Keywords: Diabetes Mellitus. Neuropathy. Postural Balance. Quality 
of life.

RESUMO

Objetivo: Analisar a influência da neuropatia diabética periférica (NDP) 
no equilíbrio postural, atividades funcionais e na qualidade de vida 
em idosos. Métodos: Estudo transversal. Avaliamos 60 homens e 
mulheres idosos (60-79 anos) divididos em três grupos: controle, 
DM sem e com NDP. Foram avaliados: antropometria; qualidade de 
vida; equilíbrio postural (BESTest); atividades funcionais pelo equilí-
brio funcional na placa de força (NeuroCom Balance). Resultados: 
Grupo NDP apresentou diferenças comparado a outros grupos, 
pior desempenho na qualidade de vida que o DM2 sem NDP em: 
funcionamento sensorial (p = 0,030); passado e futuro (p = 0,036); 
morte e morrer (p = 0,035). Déficit de equilíbrio postural no escore 
total (p = 0,025) e seção de restrições biomédicas (p = 0,043) do 
BESTest comparado ao DM2 sem NDP (p = 0,007). No equilíbrio 
funcional (Neurocom), o grupo NDP apresentou pior desempenho 
no tempo gasto no lado esquerdo (p = 0,030) comparado ao grupo 
controle. Durante a etapa de teste, o grupo controle executou a 
tarefa mais rapidamente que o grupo NDP (p = 0,004). Conclusão:  
Neuropatas apresentaram pior desempenho físico e déficits no 
equilíbrio postural, limitações sensoriais, afetando as tarefas diárias 
da doença e, consequentemente, diminuição da qualidade de vida 
em idosos brasileiros. Nível de Evidência II, Estudo observacional 
transversal.

Palavras-chave: Diabetes Mellitus. Neuropatia. Equilíbrio Postural. 
Qualidade de vida.

INTRODUCTION
It is estimated that 425 million people have Diabetes Mellitus (DM) 
in the world, and by 2045, there will be about 629 million people. 
Today, 98 million older adults (65-79 years) are susceptible to the 
disease, and by 2045, there could be 191 million.1

Peripheral Diabetic Neuropathy (PDN) is one of the most frequent 
complications of DM,2 which is progressive and irreversible. This 
complication is related to the reduction in sensory and motor periph-
eral pathways, possibly due to abnormal neuromuscular response to 
postural disorders. Thus, it leads to an inability to detect temperature, 
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vibration, pressure and proprioception changes, modifying thus 
the static and dynamic postural balance.2-4

In addition, complications related to DM can reduce autonomy, 
individual and social well-being, thus reducing patients’ quality 
of life (QoL).5,6 

However, it is necessary to understand and verify if the loss of 
postural balance gets worse with patients with PDN, consequently 
worsening the quality of life. Additionally, the loss of postural balance 
can increase the risk of fall and worsen the quality of life. This way, 
specific interventions could be adapted to reduce falls and physical 
incapacities in older adults with DM2.
The aim of the study was to analyze the influence of PDN on the 
postural and functional balance and quality of life of Brazilian 
older adults.

MATERIALS AND METHODS

Study location and ethical issues 
This study was developed at the Motion Study Laboratory of the 
Institute of Orthopedics and Traumatology, at the Falls Prevention 
Program in the Department of Geriatrics, Hospital das Clinicas 
(HC), Medical School, Universidade de São Paulo (FMUSP) with 
the approved granted by Ethical Committee (registration number: 
60952116.4.0000.0089) and developed in partnership with the 
Universidade Anhembi Morumbi. All participants provided written 
informed consent.

Type of study and subjects
This was a cross-sectional study that used as convenience sampling 
the older adults of a community. Sixty older adults both female and 
male between 60 and 79 years old were divided into three groups: 
1) Control; 2) DM2 without PDN and 3) DM2 with PDN.
The subjects were recruited from the Integrated Health Center 
(CIS), endocrinology department of the Universidade Anhembi 
Morumbi. The inclusion criteria for both groups were: absence 
of foot ulcers and/or partial and total lower limb amputations, 
disease or functional impairment of any system: auditory, vestibular, 
proprioceptive, neurological, musculoskeletal; no use medications 
that could affect the postural balance; irregular activity according 
to the IPAQ questionnaire; and presence of normative parameters 
in the cognitive test (MoCA).
For DM2 groups, the disease should have been present for more 
than three years, subdivided into two groups: without PDN, with 
tactile sensitivity and preserved blood pressure; and with PDN with 
loss of tactile and sensitivity pressure. As exclusion criteria: if for 
any reason, subjects could not perform any of the proposed tests.

Measurements
The same researcher performed all evaluations.

PDN measurements and subjective questionnaires
Personal data, such as medical history, number of falls (Participants 
were questioned about a fall event, “Have you fallen?”, considering 
fall an unintentional event that changed individuals’ body position 
to a lower level, when compared with their initial position, whether 
having associated consequences or not); body mass and height 
were initially collected.
For confirmation of PDN the criteria used were the American Di-
abetes Association (ADA) criteria based on insensitivity to 10-g 
Semmes-Weinstein monofilament, for testing the thermal stimuli, 
two tubes were used, one preheated and one pre-cooled. The 
vibration perception threshold (VPT) scores were recorded to 
quantify the level of neuropathy with a cut off of 25 mV as an indicator 
of neuropathy at recommended plantar foot sites (assessed at the 
great toe, fifth metatarsal, and heel of both feet using VPT Meter). 

Older adults should have plantar insensitivity in four of the ten points 
analyzed or not distinguish temperature or vibration (decreased), 
to be considered PDN.7 

Quality of life evaluation 
All the older adults answered the World Health Organization Quality 
of Life Instrument-Older Adults Module (WHOQOL-OLD) ques-
tionnaire, in the Portuguese version. WHOQOL-OLD comprises 
24 items divided into six domains: sensory abilities, autonomy, 
past-present-future activities, social participation, death and dying, 
and intimacy.8

Balance Evaluation Systems Test (BESTest)
Balance Evaluation Systems Test (BESTest) was used to evaluate 
postural balance. Containing 27 items, with a total of 36 tasks 
organized in six sections (biomechanical constraints, stability 
limits, postural responses, anticipatory postural adjustments, sen-
sory orientation, and dynamic balance during gait, and cognitive).  
All domains followed the protocol established by the translation 
and adaptation to the Portuguese language.9

Functional balance evaluation
The postural balance assessment (posturography) was performed on 
the NeuroCom Balance Master® force platform system (NeuroCom In-
ternational, Inc., Clackamas, OR, USA). The system uses a fixed 18 in.  
Å~ 60 in. dual force plate to measure the vertical forces exerted by 
the patient’s feet ND.10 The following tests were performed:
Sit-to-stand: the sit-to-stand transfer test was done on the platform, 
with the individual initially sitting on a bench (height of 30 cm) without 
a backrest, with the knees flexed at 90° and the feet separated by 
10 cm in relation to the heels. The arms were kept at the side of the 
body throughout the test. The subjects were instructed to stand 
up safely and quickly. Three repetitions of the movement were 
made at intervals of 30 sec between each attempt. The parameters 
measured were the mean weight transfer and center of gravity 
(COG) sway velocity while rising. The weight transfer was the time 
in seconds required to voluntarily shift the COG forward, beginning 
in the seated position and ending with full weight-bearing on the 
feet. The COG sway velocity documented the degree of control 
over the COG above the support base during the rising phase and 
for 5 sec thereafter. Sway was expressed in degrees per second.11

Step/Quick Turn: the older adult was advised to walk on the platform, 
rotate 180 degrees, and return to the starting place. The test started 
first to the left side and then to the right side, repeating each side 
three times in a 30-second interval. The measured parameters were 
the time required in seconds of the rotation on both sides; speed 
of travel in seconds in both directions.12

Step up-and-over: for this test, the subjects were instructed to step 
up on a 20-cm high step, putting only one foot on the step. The 
other foot was expected to go directly over the step and down off 
the platform without contacting the step. When both feet reached 
the platform, after going up the step, the subjects were instructed 
to remain as stationary as possible. Three attempts were made for 
each leg, starting with the left leg. The variables evaluated in this 
protocol were the mean weight transfer index, mean movement time, 
and mean impact index. In all of the balance tests performed in this 
study, the subjects could only make three attempts to perform each 
movement in each test. If they were unable to successfully perform 
the test after three incomplete attempts, the test was excluded.10,12

Statistical Analysi
Data were stored in the IBM SPSS Statistics 24 program and pre-
sented by means and standard deviation. The Shapiro Wilk test was 
performed to verify if the variables adjusted to normality and to use 
the relevant comparative tests. The Chi-square test was used to 
compare categorical variables (gender and falls). The ANOVA test 
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was used to compare the three groups with Bonferroni post hoc. 
The Student‘s t-test was used for the period of the disease in the 
DM2 groups, with and without NDP. The 5% level of significance 
was adopted throughout the analysis.

RESULTS

The gender distribution in relation to the groups was: control,  
8 (40%) women and 12 (60%) men; in the group without PDN,  
7 (35%) women and 13 (65%) men; PDN group, 11 (55%) women 
and 9 (45%) men [χ2 (p) = 1.765 (0.41)]. Falls were more frequent in 
PDN groups, but with significant difference [(χ2 (p) = 1,304 (0,52)]; 
in the group distribution: 5 (25%) of the control group, 3 (15%)  
in the group without PDN and 6 (30%) in the PDN group.
Age, a period of the disease, body mass, height, body mass index 
(BMI) classification, years of schooling and cognition (MoCA) did 
not present significant differences between the groups. Regarding 
the period of disease (DM2), there was a significant difference 
between the groups with DM2, since subjects of the group with 
PDN presented higher duration of disease (Table 1).

Regarding the postural balance (BESTest), the total score of the 
DM2 group with PDN presented worse performance and balance 
deficits (p = 0.025) when compared with subjects in the control 
group. In detailed domain analysis, on the biomechanical constraints 
section, the control group presented significantly better performance 
among the DM2 group without PDN (p = 0.007) and with NPD  
(p = 0.043); no significant differences were found between the 
other domains (Table 3).

Table 1. Anthropometric characteristics; age; time disease, years of 
school and cognition (Moca).

Control
DM2

Without PDN
DM2

With PDN

Mean (SD)
n = 20

Mean (SD)
n = 20

Mean (SD)
n = 20

Age (years) 70.50 (6.20) 69.55 (5.87) 72.9 (3.90) 
Duration of disease (years) - 10.35 (6.22) 13.30 (11.30)*

Body mass (Kg) 70.50 (13.70) 71.55 (12.62) 75.0 (13.7) 
Height (m) 1.62 (0.08) 1.58 (0.09) 1.64 (0.09) 
BMI (kg/m2) 26.54 (4.17) 28.18 (2.87) 28.26 (4.10) 

Years of Schooling 12.20 (3.45) 11.45 (5.88) 10.85 (4.60) 
Cognition (MoCA) 23.55 (3.63) 23.95 (2.92) 22.55 (2.89) 

ANOVA – Post Hoc Bonferroni test; § Student’s t-test. * p ≤ 0.05
SD: standard deviation; BMI: body mass index; MoCA: Montreal Cognitive Assessment.

Quality of life, assessed with the WHOQOL-OLD test, in three groups 
(control, diabetics without and with PDN) in the total score had a QoL 
classified as regular (3 to 3.9), according to the classification suggested 
by Fleck et al.13,14 and Power et al.15 Among the DM2 groups, subjects 
without PDN were better in the following domains: sensory abilities  
(p = 0.030), past-present-future activities (p = 0.036), and death 
and dying (p = 0.035). They were also better in past-present-future 
activities (p = 0.036) than the control group. There were no signifi-
cant differences in relation to the other domains (autonomy, social 
participation, and intimacy) in the three groups (Table 2).

Table 2. Comparison of Quality of Life in groups DM2 with and without 
PDN and control.

Control
DM2 

Without PDN 
DM2 

With PDN

Mean (SD) n = 20 Mean (SD) n = 20 Mean (SD) n = 20

Intimacy 3.5 (0.8) 4.0 (0.7) 3.6 (0.7)
Sensory abilities 3.7 (0.5) 4.1 (0.5)a 3.5 (0.9)a

Autonomy 3.8 (0.6) 3.5 (0.9) 3.7 (0.6)
PPF Activities 3.5 (0.4)b 4.1 (0.7)a,b 3.6 (0.4)a

Social 
Participation

3.6 (0.6) 4.0 (0.6) 3.6 (0.6)

Death and Dying 3.5 (0.7) 3.9 (0.7)a 3.2 (1.0)a

QoL (total) 3.6 (0.6) 3.9 (0.4) 3.5 (0.4)
ANOVA – Post hoc Bonferroni test. * p ≤ 0.05.
QoL: Quality of Life; PPF: past-present-future.
a: difference between DM2 without PDN group versus DM2 with PDN group; b: difference between 
DM2 without PDN group versus control.

Table 3. Comparison of Balance Evaluation Systems in DM2 groups with 
and without PDN and control.

Control Without PDN With PDN

Mean (SD)
n = 20

Mean (SD)
n = 20

 Mean (SD)
n = 20

BESTest total 89.4 (5.1)b 83.75 (8.2) 81.75 (11.8)b

Biomechanical Constraints 11.70 (2.4)b.c 9.10 (2.3)c 9.65 (2.9)b

Stability Limits 17.2 (2.7) 15.9 (2.5) 15.5 (2.6)
Anticipatory Postural Ajustments 15.20 (1.5) 14.70 (2.0) 14.00 (2.5)

Reactive 14.05 (1.7) 13.05 (3.1) 12.70 (2.7)
Sensory Orientation 14.15 (.9) 14.00 (1.5) 13.60 (2.4)

Gait stability 17.00 (1.5) 17.10 (1.9) 16.30 (3.1)
ANOVA – Post hoc Bonferroni test. * p ≤ 0.05.
b: difference between control group versus DM2 with PDN; c: difference between control group 
versus DM2 without PDN.

Functional balance of the older adults was evaluated using the 
Neurocom Balance equipment; no significant difference was found 
between the groups in the sit-to-stand test. In the Step/Quick Turn, 
the older adults with DM2 and NPD had worse performance in the 
time spent on the left side (p = 0.030) compared with the control 
group, and in the Step up Over test, the control group performed 
the task faster than the DM2 group with PDN (p = 0.004) (Table 4).

Table 4. Comparison of Functional Balance Evaluation (posturography) 
in groups DM2 with and without PDN and control. 

Control Without PDN With PDN 

Mean (SD)
n = 20

Mean (SD)
n = 20

Mean (SD)
n = 20

Sit to Stand

Transfer time (sec) 0.51 (0.6) 0.4 (0.2) 0.5 (.03)
Weight transfer (%) 19.5 (8.9) 17.0 (5.1) 20.1 (10.1)

Balance velocity (°/sec) 9.4 (15.5) 4.15 (1.1) 4.15 (1.0)
Step/Quick Turn

Time spent in the task LS (sec) 2.2 (0.7)a 2.3 (0.7) 3.1 (1.5)a

Time spent in the task RS (sec) 2.3 (0.7) 2.41 (0.7) 2.91 (1.3)
Balance velocity – LS (°/s) 47.9 (11.6) 49.7 (14.8) 55.6 (15.7)
Balance velocity – RS (°/s) 50.7 (15.8) 49.8 (12.5) 54.0 (15.7)

Step up and Over

Step up the step LS (%) 39.2 (9.4) 33.7 (8.8) 32.4 (10.8)
Step up the step RS (%) 39.7 (8.5) 37.7 (9.0) 33.1 (12.1)

Time spent in the task LS (sec) 1.5 (0.3)a 1.8 (0.5) 1.9 (0.5)a

Time spent in the task RS (sec) 1.5 (0.3) 1.7 (.4) 2.0 (1.0)
Impact to step down LS (%) 52.0 (13.3) 42.8 (11.8) 46.2 (12.2)
Impact to step down RS (%) 57.6 (16.7) 56.9 (19.1) 46.3 (11.1)

ANOVA – Post hoc Bonferroni test. * p ≤ 0.05.
SD: standard deviation; sec: seconds; LS: left side; RS: right side; a: difference between control 
group versus DM2 with NPD; b: difeerence between DM2 without NPD group versus DM2 with NPD.

DISCUSSION

The main findings of this study were that PDN interfered negatively 
in QoL (sensory functioning domains, past, future and present 
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activities; and death and dying), postural balance (total score and 
biomechanical constraints domain), functional balance (Step/Quick 
turn and Step up Over). 
QoL in older adults was evaluated by the WHOQOL-OLD, which 
showed that the PDN compromised the sensorial abilities affecting 
daily life, thereby compromising their availability in participating in 
activities and interacting (sensory functioning domain). These findings 
corroborate that DM2 complications worsen the quality of health.16

In the domain of present, past and future activities, we have 
noticed that with time, DM2 and its complications, such as PDN, 
can cause dissatisfaction with life and culminate in anxieties about 
continuing to achieve or receive merit of life itself. Lee et al.17  
associate several chronic diseases, especially DM2, with the 
worsening of QoL in this domain.
Our findings also confirmed that PDN interfered when older adults 
were analyzed in the death and dying domain. Neuropathy showed 
greater concern and fear of being unable to control death. Previous 
studies have shown that health status and chronic diseases such as 
DM2 can lead to greater vulnerability and dependence in old age, 
contributing to the reduction of well-being and QoL in older adults.2,18

When the groups were submitted to the BESTest for postural balance 
analysis, in general, and in detailed dimension, we observed that 
the DM2 without and with PDN have losses in the body control 
in relation to the base of support. The disease can also be an 
aggravator of such clinical manifestations. Petrofsky et al.19 ob-
served that when they analyzed a group of older adults with DM2 
and a control group, under full and low lighting conditions using 
computerized posturography, such group presented gait distur-
bances and higher risks of falls, previously to the sensory losses 
that could decrease the adaptation mechanism (lack of sensory 
feedback), because the altered balance leads to the redistribution 
of the feet pressure.19 With sensory losses in the feet, neuropathy 
tends not to complete the function of body balance in response to 
the disturbance, unable to achieve stability for a given task due to 
the deficiencies.20 The progressive nature of neuropathy can lead 
to loss of protective sensation in the feet, making them vulnerable 
to lesions and ulcerations.1

In detailed analysis (BESTest), in the biomechanical restrictions 
section, older adults of DM2 with and without PDN presented a 
destabilization regarding postural control, and this could start from 
the base of support, body alignment, amplitude and strength of 
the ankle-foot and hip, leading to postural imbalance. Stability 
limits affect movement selection and deficits in postural control 
and functional strength associated with PDN, interfere negatively 
in these parameters.21,22 As plantar innervation decreases, muscle 
wastage is observed. Over time, these imbalances lead to flexibility 
deformities that become progressively more rigid.1,23 Studies on 

different conditions (firm surface, foam surface, open and closed 
eyes in full, low and dark light, and in gait conditions) that prioritized 
the sensorial systems (visual and motor), show worse performance 
in patients with DM2, and the peripheral information caused by the 
disease, affect the postural balance and leave this population more 
susceptible to falls.19,24 Changes in the biomechanical properties 
can also be considered, since the calcaneus tendon is more rigid in 
these individuals, causing difficulties in maintaining the balance.25 
In contrast, Fulk et al.26 concluded that despite changes detected, 
PDN may not be the only cause of impaired balance in people 
with the disease.
Neuropathy also showed impaired performance in functional 
balance tests. In the Quick walk and turn test, we observed that 
the PDN influenced the performance and execution of this task, 
evidencing the delay in the time spent to turn on the left side. The 
reaction time and walking speed of older adults with DM2 is slower 
and emphasize that changes in body positions may be useful in 
identifying a strategy for older adults with impaired balance.27

 The time (seconds) to do the task Step up and Over 
involves: reaction time, motor activity and postural balance; PDN 
group needed more time to do this task, which may be related 
to decreased sensory inputs, an important source of information 
for the central nervous system (CNS) to perform and control the 
movement. There is a consensus among some authors7,25,26 that 
DM2, as well as PDN, leads to motor control disorders.
This study contributes to DM2 regarding functionality, showing 
possible guidelines of how to conduct an exercise program that 
can improve the physical abilities of these older adults, as well as 
prevent the risk of falls. Including a routine with postural balance 
and exercise will bring not only physical benefits to the older adults 
but will make their life safer (less risk of falls) and make them more 
confident and prepared to act more consciously and assertively.
The limitations of this study are related to the multifactorial char-
acteristics of both disease and motor control. As the focus of the 
research was motor control and quality of life, other aspects such 
as glycemic control and vision, which are also affected by DM2, 
were not analyzed.

CONCLUSION

This study showed that neuropaths presented worse physical 
performance and postural balance deficits, sensorial limitations, 
affecting daily tasks and, as a consequence, decreasing quality 
of life in Brazilian older adults. 
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