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ABSTRACT 
Purpose: to verify the diseases and symptoms associated with changes in postural 
balance in middle-aged and elderly individuals with type 2 diabetes mellitus. 
Methods: an integrative review was performed using the following descriptors: 
“Dizziness,” “Vertigo,” “Vestibular Diseases,” “Labyrinth Diseases,” and “Type 2, 
Diabetes Mellitus” in English and in Portuguese in databases such as PubMed, SciELO, 
LILACS, Web of Science, and Scopus. Observational articles involving individuals aged 
40 years or more with type 2 diabetes mellitus and with alteration in postural balance 
having presented at least one disease or symptom associated with that alteration were 
selected. 
Results: the search yielded 1,209 articles, but only five met the eligibility criteria. 
Individuals in the selected studies had systemic arterial hypertension, high body mass 
index, peripheral neuropathy, and postural instability when walking on irregular sur-
faces and in the dark, when looking at moving objects, moving the head quickly and 
changing posture, resulting in stumbling when walking, and falls. The articles were 
classified as IIb and III, according to the levels of evidence of the American Speech-
Language Hearing Association. 
Conclusion: the subjects in the studied articles presented cardiovascular alterations, 
peripheral neuropathy, vestibular symptoms, difficulties in tasks/movements in chal-
lenging contexts, and falls.
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INTRODUCTION
Brazil has the fourth highest number of diabetic 

people in the world1,2. In 2015, there were around 14.3 
million cases among adults and the elderly, and 23.3 
million cases are projected by 20501-3.

Several factors are considered responsible for 
the increased incidence and prevalence of diabetes 
mellitus (DM) in Brazil and worldwide3,4. These include 
lifestyle modification characterized by unbalanced 
eating patterns, obesity, sedentary lifestyle, and 
aging3-5.

Among DM types, type 2 DM (DM2) has been more 
prevalent in Brazil and in the world in recent decades as 
it is considered a global epidemic, accounting for about 
90% of all cases of diabetes1,3.

The presented context raises concerns as it is 
associated with an exorbitant cost for the society and 
government. It is estimated that 15.3% of hospital costs 
of the Unified Health System in Brazil, between 2008 
and 2010, were caused by DM. Financial damages are 
not the only concerns as DM2 can cause damage to the 
organs and systems of the body, reducing functional 
capacity and autonomy1,6.

DM2 is considered a potential cause of changes 
in postural balance (PB)7. Patients with diabetes often 
present with disorders in the sensory systems respon-
sible for the maintenance of PB due to comorbidities 
such as retinopathy, peripheral neuropathy, and 
disorders in the vestibular system7-10.

Although the diabetic population is increasing1,3 
and the relationship between DM and PB changes is 
known7,11, few studies have provided information on 
the diseases and/or symptoms associated with this 
change in the diabetic population; therefore, these 
factors are poorly known clinically, which results in diffi-
culties in performing a comprehensive evaluation and 
in adequate management of patients3,5.

The recognition of the factors (diseases and/
or symptoms) associated with changes in PB in the 
diabetic population is extremely important, as this 
will represent an important contribution from the 
perspective of an adequate evaluation and rehabilitation 
process. Furthermore, it will enable the construction 
of preventive strategies and guide the appropriate 
management (referrals, therapeutic planning, and 
choice of treatment) of patients, as some comorbidities 
may cause and/or intensify PB changes.

The present review aims to verify the diseases and 
symptoms associated with PB changes in middle-aged 
and elderly individuals presented with DM2.

METHODS
An integrative review was performed from May to 

November 2018, using the databases PubMed (National 
Library of Medicine National Institutes of Health), 
SciELO (Scientific Electronic Library Online), LILACS 
(Latin-American and Caribbean Health Sciences), Web 
of Science, and Scopus.

The guiding question of the research was as 
follows: “What diseases and symptoms are associated 
with PB changes in patients with DM2?” It should be 
emphasized that the age of the individuals in the study 
was based on the range provided in the guidelines 
of the Brazilian Society of Diabetes, which states that 
the diagnosis of DM2 typically occurs after 40 years of 
age12.

The search was performed using the descriptors 
(in Portuguese and English) of “Dizziness,” “Vertigo,” 
“Vestibular Diseases,” “Labyrinth Diseases,” and 
“Type 2, Diabetes Mellitus” in the following combina-
tions: “Diabetes Mellitus Type 2 and Dizziness”; “Type 
2, Diabetes Mellitus and Vertigo”; “Type 2, Diabetes 
Mellitus and Vestibular Diseases”; “Type 2, Diabetes 
Mellitus and Labyrinth Diseases”; “Type 2, Diabetes 
Mellitus and Dizziness”; “Type 2, Diabetes Mellitus 
and Vertigo”; “Type 2, Diabetes Mellitus and Doenças 
Vestibulares”; and “Type 2, Diabetes Mellitus and 
Doenças do Labirinto”.

Articles in the present study were selected only if 
they met the following eligibility criteria: the studies had 
to be (a) observational; (b) published in the period from 
2008 to 2018; (c) subjects with DM2, aged 40 years 
or over, with alteration in PB; and (d) who presented 
at least one disease or symptom associated with 
PB changes, by means of inferential or descriptive 
analysis. We excluded articles that (a) presented an 
inclusion criterion to have certain associated disease(s) 
not secondary to DM2 because this study aimed to 
focus on one health condition in a particular population 
and not in the population in general, (b) presented 
individuals with postural hypotension (PH) as this may 
be asymptomatic and their varied changes may or may 
not cause changes in PB13, and (c) were repeated in the 
databases. Notably, prospective studies have analyzed 
the initial symptoms of the treatment, as these can be 
minimized or remedied with the same.

With respect to the errors and biases that may be 
present in this type of research, we highlight the random 
error involving the sample and its real population 
values, which can be reduced by opting for articles 
with a larger sample. Systematic or methodological 
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error was minimized in this research by revising the 
methodology and on the basis of review studies 
already published in journals of high impact. Selection, 
information, and confounding biases, were minimized 
by a detailed analysis of the eligibility criteria, a critical 
review of the methodology, and by the peer review of 
the manuscript14.

The selected articles were researched indepen-
dently and selected by two trained evaluators involved 
with the manuscript production to minimize citation 
loss. In the case of divergence, a third evaluator was 
requested for a tie-breaker criterion.

The selection took place in three stages: by reading 
(a) the titles, (b) the summaries of articles, and (c) the 
article in its entirety.

The articles were analyzed and classified according 
to the levels of evidence used by American Speech-
Language Hearing Association (ASHA) in 200415, 
adapted from the Scottish Intercollegiate Guideline. 
These are classified as follows: Ia, well-designed 
meta-analysis of multiple controlled and randomized 
studies; Ib, randomized and well-designed controlled 

study; IIa, well-designed non-randomized controlled 
study; IIb, well-designed almost experimental study; III, 
well-designed non-experimental study; and IV, expert 
committee report, consensus conference, clinical 
expertise experience.

LITERATURE REVIEW
The initial search yielded 1209 identified articles, 

1204 of these were excluded (927, based on the titles; 
257, duplication between descriptor combinations 
or databases; 3, during the reading of the abstract 
because they did not contemplate the topic addressed; 
and 17, during the reading the full text as they did not 
meet the eligibility criteria). Thus, 5 articles met the 
eligibility criteria of this research; these articles were 
selected and reviewed.

Table 1 describes the characteristics of the studies 
incorporated in this review, such as author/year/
country, objective, cases, type of study, used tools, 
main findings, diseases and/or symptoms found in 
individuals with DM2, alteration of PB, and level of 
evidence.

Figure 1. Article selection flow
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Table 1. Characteristics of the studies inserted

Author/year/ 
country Objective Cases Type of 

study Tools used Main findings

Diseases and/or Symptoms 
found in individuals with 
DM2 and altered body 

balance.

Evidence 
Level 

(ASHA)

Aranda, Meza, 
Rodríguez, 
Mantilla, 

Jáuregui-Renaud 
(2009)16

Mexico

To assess the 
influence of 
diabetic peripheral 
neuropathy on self-
reported disability 
and postural control 
of patients with 
peripheral vestibular 
disease before and 
after a standardized 
program of 
vestibular 
rehabilitation 
(Cawthorne & 
Cooksey exercises).

-10 subjects with 
DM2 and without 
neuropathy with 
mean age 54,9 
years of age;

-10 subjects with 
DM2 and with 
neuropathy and 
mean age of 57,2.

Prospective 
study

- Standardized 
questionnaire 
related to body 
balance;

-Dizziness 
Handicap Inventory;

-Posturography;

- Cawthorne 
& Cooksey 
Rehabilitation 
Program

Peripheral 
neuropathy 
contributes to 
self-reported 
disability and may 
interfere with the 
rehabilitation of 
body balance.

Patients with DM2 presented 
with systemic arterial 
hypertension, dizziness, 
vertigo, postural instability 
when looking at moving 
objects, walking on uneven 
surfaces, walking in the dark, 
moving the head quickly 
and changing posture. 
Individuals with NP presented 
a higher frequency of all the 
symptoms mentioned above, 
except for postural instability 
when looking at moving 
objects.

IIb

D’Silva et al 
(2017)17

The United States 
of America

To analyze 
otolytic function 
using vestibular 
myogenic evoked 
potential (VEMP) 
in people with 
DM and VPPBB 
and to examine 
the relationships 
between VEMP and 
variables related to 
diabetes.

- Participants 
between the ages of 
40 and 65
-20 controls;
-19 individuals with 
type 2 diabetes 
without vestibular 
alterations
-18 individuals with 
unilateral posterior 
canal VPPB without 
DM
-14 individuals with 
unilateral posterior 
canal VPPB and DM

Transversal 
study

- Self-reporting 
of clinical data, 
confirmed by 
electronic medical 
records;
- Michigan 
Neuropathy 
Screening 
Instrument;
- VPPB cervical;
- VPPB ocular.

VPPB and DM2 
may independently 
affect utricular and 
saccule function, 
however, do not 
appear to have 
cumulative effect.

Systemic arterial 
hypertension, peripheral 
neuropathy, and high BMI.

III

D’Silva, Whitney, 
Santos, Dai, 

Kluding (2017)18

The United States 
of America

To compare 
the severity 
of symptoms, 
mobility, and body 
balance before and 
after the otolytic 
repositioning 
maneuver (ORM) 
in people with 
posterior canal VPP, 
with and without 
DM.

- Participants aged 
40 to 80 years
-34 individuals with 
VPPB
-16 individuals with 
VPPB + DM2

Prospective 
study

-Dix-Hallpike;
-Dizziness 
Handicap Inventory;
-Functional gait 
assessment;
- Postural 
oscillation 
variables;
-Michigan 
Neuropathy 
Screening 
Instrument;
Self-reporting 
of clinical data, 
confirmed by 
electronic medical 
records;
-Verification 
of glycated 
hemoglobin.

There were 
no differences 
in severity of 
symptoms, mobility 
deficits or efficacy 
of ORM treatments 
in people with 
posterior canal 
VPPB with and 
without DM.

High body mass index, 
peripheral neuropathy.

IIb
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the overlap of the two diseases may increase the risk 
of bodily imbalance. Increase in this risk may be a side 
effect of uncontrolled SAH and the only symptom of 
hypertensive crisis, that is, an alert signal for circulatory 
changes23.

High body mass index (BMI) was described in 
three articles17,18,20, showing a population with high a 
BMI average, above 30 Kg/m2, in relation to the other 
groups. According to the World Health Organization, 
a BMI equal to or above 30 Kg/m2 is characterized as 
obese24.

The selected articles did not explain the relationship 
of high BMI (obesity) with changes in PB. However, 
literature describes the association of obesity with 
DM2 due to the increased release of substances such 
as fatty acids not esterified by adipose tissue, which 

Among the five articles reviewed in this study, two16,17 
cited the systemic arterial hypertension (SAH) variable 
and, in both, diabetic individuals with PB alteration 
had a higher frequency of this disease. SAH causes 
an increase in blood pressure levels that leads to 
functional and/or structural alterations in some organs 
and may lead to impairment of capillary blood flow and 
oxygen transport21,22. Thus, nutrients are not adequately 
supplied to the organs, such as the inner ear7,21,22.

The inner ear has intense metabolic activity, but 
unlike other organs, it does not have a stored energy 
reserve, making it more sensitive to fluctuations due 
to the requirement of resources, specifically glucose 
and oxygen, necessary for its adequate functioning6,7. 
Thus, hypertension and DM2 are factors that can cause 
changes in PB21. However, it remains unclear whether 

Author/year/ 
country Objective Cases

Type of 
study Tools used Main findings

Diseases and/or Symptoms 
found in individuals with 
DM2 and altered body 

balance.

Evidence 
Level 

(ASHA)

Jáuregui-Renaud, 
Sánchez, Olmos, 

González-Barcena 
(2009)19

Mexico

To evaluate the 
prevalence of body 
balance symptoms 
in type 2 diabetes 
mellitus (DM2) in 
the first level of 
health care.

-101 patients with 
DM2 and mean age 
of 54,3 years
-101 patients 
without DM2 and 
mean age of 53,8 
years

Transversal 
study

 - Standardized 
questionnaire 
related to body 
balance.

Patients with DM2 
showed a higher 
frequency of all 
the investigated 
symptoms. The 
most frequent 
symptoms were 
dizziness (49%), 
postural instability 
when changing 
position (43%) and 
postural instability 
when walking on 
uneven surfaces 
(38%).

Dizziness, vertigo, postural 
instability when changing 
positions, moving the head, 
walking on uneven surfaces 
and in the dark and looking 
at moving objects; more than 
three unexplained falls during 
the year, stumbling when 
walking.

III

D’Silva et al 
(2017)20

The United States 
of America

Examine the 
postural oscillation 
in
people with type 
2 diabetes who 
have symptomatic, 
untreated VPPB. 

Participants aged 
40-65 years
-14 controls
-14 diabetic 
individuals
-13 individuals with 
VPPB
- 11 individuals with 
VPPB and DM2

Transversal 
study

- Condition 1: 
Standing on a firm 
surface with feet 
together, eyes open.
-Condition 2: 
Standing on a firm 
surface with feet 
together, eyes 
closed.
-Condition 3: 
standing on a foam 
cushion with feet 
together and eyes 
open.
-Condition 4: 
Standing on a 
foam cushion with 
feet together, eyes 
closed.
-Condition 5: in the 
tandem position 
with eyes open on a 
firm surface.

The presence of 
diabetic peripheral 
neuropathy may 
reduce
postural stability.
In individuals with 
VPPB, diabetes 
and peripheral 
neuropathy, the 
tandem position
may be an easy 
test to perform in 
the clinical setting 
to detect postural 
instability.

High body mass index. III

Subtitle: DM2, Diabetes mellitus type 2; VPPB, Benign paroxysmal positional vertigo; ORM, Otolytic repositioning maneuver; VEMP, Vestibular myogenic-evoked 
potential 
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induce insulin resistance, impairing the function of 
insulin-producing β cells, and, consequently, gener-
ating failures in glycemic control23,25. Currently, obesity 
is associated with an increased risk of falls, functional 
disabilities26, and depressive symptoms27.

D’Silva et al. (2017)17 and D’Silva et al. (2017)18 
reported differences between individuals with DM2, 
with and without PB changes in relation to peripheral 
neuropathy (PN). PN is one of the main complications of 
DM, affecting between 5% and 80% of this population. 
This comorbidity may interrupt the afferences and 
efferences of the extremities of the lower limbs. Thus, 
proprioception becomes deficient, and consequently, 
the maintenance of the posture, reactive strategy of the 
step, and execution of the steps become more difficult, 
leaving the individuals more susceptible to falls10,12,26.

The data presented corroborates Aranda’s et al. 
(2009)16 article, which shows the comparison of the 
symptoms related to PB in diabetics with peripheral 
vestibular disease, with and without PN. Higher 
frequencies of vertigo, instabilities when walking on 
uneven surfaces and in the dark, moving the head 
rapidly and changing posture in individuals with 
PN compared to those without PN was observed. 
Thus, comorbidities such as PN may further intensify 
complaints of bodily imbalance.

The article by Jáuregui-Renaud et al. (2009)19 uses 
a different methodology than that by Aranda et al. 
(2009)16. However, Jáuregui-Renaud et al. (2009)19 
describes the main symptoms of PB in individuals with 
and without DM2 by means of a similar standardized 
questionnaire. As a result, a higher frequency of 
PB-related symptoms was observed in subjects with 
DM2 (Table 1).

The articles included in this review reported the 
following results: SAH; high BMI; PN; dizziness; 
vertigo; and postural instability when walking on 
uneven surfaces or in the dark, looking at moving 
objects, moving the head rapidly, changing posture, 
stumbling when walking, and reports of three or more 
unexplained falls during the year as frequent factors in 
individuals with PB and DM2 alterations.

None of the articles included in this study described 
whether the sample was calculated or randomized, and 
only one article17 described the blinding of the judges. 
These shortcomings diminish the representativeness 
and external validity of the studies, making it difficult 
to understand the veracity of the data presented by 
the methodological biases. However, the procedures 
used were described adequately and standardized 

instruments were used, allowing for the clinical repro-
ducibility of the studies. Thus, the articles were charac-
terized with level of evidence IIb and III, according to 
ASHA15.

It is worth mentioning that changes in PB may have 
a multifactorial etiology28. Therefore, an individual’s 
comprehensiveness when considering the comor-
bidities presented is extremely important for adequate 
management of the patient. We emphasize a compre-
hensive evaluation, considering that there are few 
studies that present samples with diabetic subjects in 
addition to the variables mentioned above. Literature 
shows that clinical-functional and psycho-emotional 
factors, such as functional capacity, anxiety, and 
depression29-31, are associated with changes in PB in 
the general population.

Therefore, audiological and otoneurological clinical 
studies should give special attention to the comor-
bidities presented by each individual. As these comor-
bidities are capable of causing changes in the PB and/
or attenuating the process of rehabilitation. This will 
also aid in the process of therapeutic planning. The 
treatment and/or stimulation of the altered systems can 
be the key for the success of the intervention process 
and, consequently, improvement of the quality of life.

CONCLUSION

It was found that middle-aged and elderly individuals 
presented with DM2 and PB changes had a higher 
frequency of cardiovascular alterations, peripheral 
neuropathy in the lower limbs, vestibular symptoms, 
difficulties in tasks/movements in challenging contexts, 
and falls.

Future studies will be needed to clarify diseases 
and symptoms associated, so as to accomplish a 
more preventive, evaluative and interventional design, 
as DM2 is a potential cause of changes in PB. Robust 
methodologies must be emphasized as they contribute 
to the development of an ideal model of care.
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