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	 Background:	 Balance dysfunction is common in adult outpatients with dizziness, especially those who are older, which can 
lead to catastrophic outcomes such as falls. The aim of this study was to investigate the association between 
chronic conditions and balance disorders in patients with dizziness, especially those who are elderly.

	 Material/Methods:	 A cross-sectional study was conducted in adult outpatients diagnosed with dizziness referred to the Department 
of Otolaryngology at Beijing Tongren Hospital from September 2017 to August 2018. All of the patients com-
pleted a self-administered, structured questionnaire. Demographic data and information on history of chron-
ic conditions were collected and the patients were divided into 2 groups based on whether their balance was 
normal or abnormal.

	 Results:	 Three hundred and thirty-two patients were included in this study, 168 in the normal balance group and 164 
in the abnormal balance group. The incidence of chronic conditions, including hypertension and diabetes, in 
the abnormal balance group was higher than that in the normal balance group (all P<0.05). In subgroup analy-
sis based on age, in those who were aged ³60 years, the prevalence of chronic diseases was higher in the ab-
normal balance group than in the normal balance group (P=0.002), while there was no difference in age be-
tween the groups with abnormal and normal balance. Hypertension (OR: 2.268; 95%CI: 1.038-4.957; P<0.05) 
was a risk factor for balance disorders in elderly patients rather than those who were younger (P>0.05).

	 Conclusions:	 Our results show that chronic conditions are associated with balance function in older patients with dizziness. 
Thus, specialists should consider chronic conditions, especially hypertension, in elderly patients with dizziness.
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Background

Dizziness is a very common complaint in outpatients and one 
of the primary reasons for the creation of an outpatient ser-
vice for elderly individuals. Every year, approximately 20% of 
elderly individuals in the United States experience problems 
with dizziness or balance disorders. Among these patients, 68% 
experience imbalance [1]. Balance disorders can severely limit 
daily activities and it is also associated with depression [2] and 
decreased quality of life [3]. It is also a major risk factor for 
falling, which can lead to fatal and nonfatal injuries, disabili-
ty, and even death [4], as well as escalating medical costs [5]. 
The causes of dizziness are various, including vestibular and 
non-vestibular components. It is crucial to detect the factors 
leading to dizziness and imbalance to help patients remain 
mobile and avoid such secondary complications.

Maintenance of balance during everyday activities requires the 
interaction and coordination of the vestibular, visual, and pro-
prioceptive systems. Disorders in function of any of these sen-
sory systems can cause symptoms such as vertigo, dizziness, 
and balance disorders. Computerized dynamic posturography 
(CDP) is an established test of postural stability that quantita-
tively evaluates the integration of sensory information relevant 
to balance control by a patient. Studies have demonstrated the 
validity and value of CDP for assessment of balance disorders 
with high test-retest reliability [6,7]. CDP is a clinically proven 
and widely accepted and more sensitive method for assess-
ing balancing abilities than some functional test and vestibu-
lar function tests, such as the Berg balance scale, the timed up 
and go test, and ocular motor, rotational chair, positional, and 
caloric findings [8,9]. The sensory organization test (SOT) is a 
CDP test protocol that assesses a subject’s ability to maintain 
balance under different stimulating conditions by employing vi-
sual, vestibular, and somatosensory inputs and monitoring the 
central compensatory state [10]. Clinicians and researchers can 
use the feedback from the test to obtain insight into an indi-
vidual’s ability to maintain dynamic standing balance [11,12].

Chronic conditions are defined as conditions persisting for 12 
months or more that limit self-care and independent living and 
require ongoing medical intervention [13,14]. Multiple chron-
ic conditions are the presence of more than 1 chronic condi-
tion [15,16] and are termed as comorbidities, specifically in 
elderly people [17,18]. The majority of elderly patients with 
dizziness have chronic diseases, such as hypertension, diabe-
tes mellitus (DM), dyslipidemia, and thyroid dysfunction [19].

Neuhauser et al examined the association of vestibular vertigo 
with sociodemographic factors and comorbid conditions in the 
general population. They found that hypertension and elevated 
levels of blood lipids had an independent effect on vestibular 
vertigo in the past 12 months [20]. Maarsingh et al found that 

cardiovascular disease was the most common major cause of 
dizziness in elderly patients in primary care [21]. Angela et al 
found that there was a statistically significant difference in 
the occurrence of Ménière’s disease (MD) attacks between pa-
tients with MD who did and did not have risk factors, which 
were defined as excessive body mass index, dyslipidemia, hy-
pertension, smoking status and type 2 DM (T2DM) [22]. Li and 
his colleague found that patients with T2DM have a higher in-
cidence of vestibular dysfunction. Vestibular dysfunction, vi-
sual system impairment, and a decline in motion control may 
be risk factors that lead to falls [23].

In adult outpatients with dizziness, however, the relationship 
between chronic conditions and balance disorders remains un-
clear. Thus, the present study attempted to investigate the as-
sociation between chronic conditions and balance disorders.

Material and Methods

Patients

Adult outpatients complaining of dizziness who had been re-
ferred to the Department of Otolaryngology at Beijing Tongren 
Hospital from September 2017 to August 2018 were consec-
utively enrolled after approval from the Institutional Ethics 
Committee. Patients with cognitive decline who were unable 
to understand the procedure or perform the SOT safely due 
to poor nutritional status, blindness, cognitive impairment, or 
extremity disability; those with emergency conditions such 
as fever, unstable angina, and acute cerebral infarction; those 
unwilling to participate in the study; and those in other sit-
uations that the investigators judged made them unsuitable 
for the SOT protocol of the CDP test were excluded from the 
study. The study was explained to the patients and informed 
written consent was obtained.

The patients were divided into 2 groups based on balance func-
tion – abnormal balance and normal balance – according to SOT 
on CDP, which has been proven to diagnose balance function 
more accurately than a traditional vestibular function test [8].

Questionnaire Procedures

A self-administered structured questionnaire was used to col-
lect data on patient demographics (name, sex, age) and his-
tory of chronic diseases (defined as lasting >1 year), includ-
ing hypertension, DM, dyslipidemia, hypothyroidism, chronic 
kidney disease, anemia, hyperthyroidism, and rheumatism. 
The patients received the questionnaires and the CDP exam-
ination application forms at the same time. They completed 
the questionnaires at home and returned them the day of the 
CDP examination.
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Sensory Organization Test for CDP

The NeuroCom Smart Balance Manager CDP platform 
(NeuroCom International; Oregon, United States) was used 
in this study. A patient was placed on the platform in the 
Romberg position, barefoot, with a safety harness. With the 
patient standing under 6 different conditions, movements 
from the center of pressure were recorded. The 6 conditions 
were as follows: 1) Fixed support, visual surround, and eyes 
open; 2) Fixed support and eyes closed; 3) Fixed support, eyes 
open, and moving visual surround; 4) Moving support, eyes 
open, and fixed visual surround; 5) Moving support and eyes 
closed; and 6) Moving support, eyes open, and moving visual 
surround (Figure 1). Each of these conditions was maintained 

for 20 seconds and each such test was repeated consecutive-
ly at least twice. If the patient did not pass the first 2 tests of 
a condition, the test was repeated a third time.

Data Analysis

Balance outcomes for the SOT were analyzed using NeuroCom@ 
software. Equilibrium scores for each condition were calculated 
based on anterior-posterior peak-to-peak sway amplitude dur-
ing the trial. The composite equilibrium score was calculated 
as a weighted average of the scores of the 6 conditions test-
ed and a result was abnormal when the calculated score was 
lower than the score for the 95% age-matched control group. A 
score of 100 indicated no sway, whereas 0 indicated a fall [24].
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Figure 1. �The six conditions performed in the Equitest Sensory Organization Test. (Source: Neurocom, http://resourcesonbalance.com/
program/role/cdp/protocols).
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Statistical Analysis

Statistical analyses were performed using SPSS software version 
25 (IBM SPSS Inc, Chicago, Illinois, United States). Continuous 
data were presented as means±SD (age) and were analyzed 
using a t test or Mann-Whitney test, according to whether the 
distribution was normal. Categorical data (sex, prevalence of 
chronic disease) were presented as numbers (percentages) and 
analyzed using a chi-square test. Logistic regression analyses 
were performed to identify factors associated with balance 
function, with age and sex adjusted in the multivariable anal-
ysis. P<0.05 was considered statistically significant.

Results

Patient Characteristics

Table 1 lists demographic data for all of the patients. A to-
tal of 332 patients were included in the present study, divid-
ed into 2 groups: normal balance (n=168) and abnormal bal-
ance (n=164). The average age was 52.92±14.07 years and 
the overall prevalence of balance disorders in the adult out-
patient population was 49.4% in our study. Patients in the ab-
normal balance group were older than those in the normal bal-
ance group (56.15±13.37 vs 49.77±14.06, P<0.05). There was 
no difference between the 2 groups in terms of sex (P>0.05).

Chronic Conditions

As shown in Table 1, the prevalence of chronic diseases was 
higher in the abnormal than in the normal balance group 
(P<0.05). Hypertension, DM, and dyslipidemia were the most 
common chronic conditions in the 2 groups. The incidences 
of hypertension (41.5% vs 26.2%, P=0.003) and DM (16.5% vs 
6.5%, P=0.005) were higher in the abnormal than in the nor-
mal balance group.

Based on the results described above, there was a significant 
difference in age between the normal and abnormal balance 
groups. Therefore, we divided all patients into younger (<60 
years) and older (³60 years) age groups for subgroup analy-
sis. Data for younger patients are presented in Table 2. There 
was a significant difference in sex ratio between the nor-
mal and abnormal balance groups (P=0.012). However, there 
were no differences between the normal and abnormal bal-
ance groups in other indicators, including age and prevalence 
of chronic disease.

The incidence of imbalance in the elderly patients was 66.1% 
(Table 3). There was no significant difference between the 2 
groups in either age or sex (P=0.983 and P=0.276, respective-
ly). Unlike the younger patients, the older ones were more like-
ly to have a chronic disease if they were in the abnormal bal-
ance than in the normal balance group (P=0.002). We observed 

Characteristics
Total 

(n=332)
Normal balance 

(n=168)
Abnormal balance 

(n=164)
p-Value

Age (mean±SD) 	 52.92±14.07 	 49.77±14.06 	 56.15±13.37 <0.001

Sex, n (%) 0.155

	 Male 	 121	 (36.4) 	 55	 (32.7) 	 66	 (40.2)

	 Female 	 211	 (63.6) 	 113	 (67.3) 	 98	 (59.8)

Number of chronic conditions, n (%) 0.027

	 0 	 150 	 88	 (52.4) 	 62	 (37.8)

	 1 	 111 	 50	 (29.8) 	 61	 (37.2)

	 >1 	 71 	 30	 (17.8) 	 41	 (25)

Type of chronic conditions, n (%)

	 Hypertension 	 112 	 44	 (39.3) 	 68	 (60.7) 0.003

	 Diabetes mellitus 	 38 	 11	 (28.9) 	 27	 (71.1) 0.005

	 Dyslipidemia 	 84 	 39	 (46.4) 	 45	 (53.6) 0.376

	 Other diseases 	 43 	 22	 (51.2) 	 21	 (48.8) 0.937

Table 1. Comparison of demographic and medical conditions of all patients between different balance function.

A p value of 0.05 or less was considered statistically significant. Chronic conditions include hypertension, diabetes mellitus, 
dyslipidemia, and others (hypothyroidism, chronic kidney disease, anemia, hyperthyroidism, and rheumatism).
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Characteristics
Total 

(n=208)
Normal balance 

(n=126)
Abnormal balance 

(n=82)
p-Value

Age (mean±SD) 	 44.75±10.73 	 44.04±10.80 	 45.83±10.59 0.252

Sex, n (%) 0.012

	 Male 	 76	 (36.5) 	 37	 (29.4) 	 39	 (47.6)

	 Female 	 132	 (63.5) 	 89	 (70.6) 	 43	 (52.4)

Number of chronic conditions, n (%) 0.804

	 0 	 114 	 68	 (54.0) 	 46	 (56.1)

	 1 	 66 	 42	 (33.3) 	 24	 (29.3)

	 >1 	 28 	 16	 (12.7) 	 12	 (14.6)

Type of chronic conditions, n (%)

	 Hypertension 	 50 	 28	 (56.0) 	 22	 (44.0) 0.447

	 Diabetes mellitus 	 12 	 5	 (41.7) 	 7	 (58.3) 0.167

	 Dyslipidemia 	 44 	 27	 (61.4) 	 17	 (38.6) 0.904

	 Other diseases 	 23 	 17	 (73.9) 	 6	 (26.1) 0.165

Table 2. Comparison of demographic and medical conditions of younger patients(<60 years) between different balance function.

A p value of 0.05 or less was considered statistically significant. Chronic conditions include hypertension, diabetes mellitus, 
dyslipidemia, and others (hypothyroidism, chronic kidney disease, anemia, hyperthyroidism, and rheumatism).

Characteristics
Total 

(n=332)
Normal balance 

(n=168)
Abnormal balance 

(n=164)
p-Value

Age (mean±SD) 	 66.65±6.01 	 66.98±6.76 	 66.48±5.63 0.983

Sex, n (%) 0.276

	 Male 	 45	 (36.3) 	 18	 (29.4) 	 27	 (32.9)

	 Female 	 79	 (63.7) 	 24	 (70.6) 	 55	 (67.1)

Number of chronic conditions, n (%) 0.002

	 0 	 36 	 20	 (47.6) 	 16	 (19.5)

	 1 	 45 	 8	 (19.1) 	 37	 (45.1)

	 >1 	 43 	 14	 (33.3) 	 29	 (35.4)

Type of chronic conditions, n (%)

	 Hypertension 	 62 	 16	 (25.8) 	 46	 (74.2) 0.059

	 Diabetes mellitus 	 26 	 6	 (23.1) 	 20	 (76.9) 0.193

	 Dyslipidemia 	 40 	 12	 (30.0) 	 28	 (70.0) 0.531

	 Other diseases 	 19 	 5	 (26.3) 	 14	 (73.7) 0.451

Table 3. Comparison of demographic and medical conditions of elderly patients (>=60 years) between different balance function.

A p value of 0.05 or less was considered statistically significant. Chronic conditions include hypertension, diabetes mellitus, 
dyslipidemia, and others (hypothyroidism, chronic kidney disease, anemia, hyperthyroidism, and rheumatism).
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that a history of hypertension was associated with a border-
line significant increase in the odds of balance dysfunction 
(P=0.059). However, there was no significant difference be-
tween the 2 groups in the prevalence of other chronic diseases 
(DM, P=0.191; dyslipidemia, P=0.530; other diseases, P=0.450)

Association Between Chronic Conditions and Balance

Logistic regression analyses were used to further explore the 
relationship between previous history of chronic conditions 
and balance disorder (Table 4). Note that age and sex were 
identified as confounding variables and thus were included 
in the models for adjustment. We observed that in the mod-
els adjusted for age and sex, hypertension (OR: 2.268; 95%CI: 
1.038-4.957; P<0.05) was a risk factor for balance disorders 
in elderly but not in younger patients (P>0.05).

Discussion

The incidence of imbalance in the elderly group in our study 
was 66.1%, close to the rate reported by previous authors [1]. 
Balance disorders are very common in the elderly and they in-
crease the risk of falling and pose a significant health concern. 
The results of the present study showed that the incidence 
of chronic conditions in elderly patients was higher than in 
younger patients. Hypertension was a risk factor for balance 
disorders in elderly but not in younger patients. Thus, clinicians 

should be alert for the presence of chronic conditions in elder-
ly patients who have balance disorders.

In older people, dizziness is often a diagnostic challenge be-
cause the term can be used describe a variety of sensations 
and there are many potential causes [25]. Dizziness in the el-
derly is likely to constitute a geriatric syndrome, that is, an is-
sue caused by multiple contributing factors that involve sever-
al organ systems [26]. Balance disorders in the elderly clearly 
can result from impairment in a number of systems, includ-
ing sensory (vision, vestibular sense, proprioception, sensory 
integration), motor (strength, reaction time), and central pro-
cessing systems (standing, leaning, gait, mobility, and trans-
fers) [27]. One of the novel findings from the present study is 
that there was a significant association between chronic con-
ditions and having a balance disorder. The incidences of hy-
pertension (41.5% vs 26.2%, P=0.003) and DM (16.5% vs 6.5%, 
P=0.005) were higher in the abnormal than in the normal bal-
ance group. Among patients with dyslipidemia and other dis-
eases, there were more individuals who had abnormal bal-
ance, but this difference was not significant.

Elderly outpatients with dizziness often present to a special-
ist, which increases the tendency to diagnose conditions in the 
clinician’s own field of experience (the “blind man and the el-
ephant” phenomenon) [28]. The present study indicates that 
chronic conditions, particularly hypertension, should be con-
sidered in addition to common causes such as vestibular or 

Chronic 
conditions

Balance dysfunction

Unadjusted OR (95% CI) Age and sex adjusted OR(95% CI)

All patients Younger group Elderly group All patients Younger group Elderly group

Hypertension

1.996 
(1.256-3.173)

1.283 
(0.674-2.444)

2.076 
(0.971-4.441)

1.455 
(0.884-2.396)

1.024 
(0.514-2.039)

2.268 
(1.038-4.957)

p=0.003 p=0.448 p=0.060 p=0.140 p=0.946 P=0.040

Diabetes mellitus

2.813 
(1.345-5.881)

2.259 
(0.692-7.374)

1.935 
(0.712-5.264)

2.013 
(0.937-4.321)

1.843 
(0.546-6.225)

2.064 
(0.749-5.688)

p=0.006 p=0.177 p=0.196 p=0.073 p=0.325 p=0.161

Dyslipidemia

1.251 
(0.762-2.054)

0.959 
(0.484-1.898)

1.296 
(0.577-2.915)

1.030 
(0.614-1.729)

0.841 
(0.411-1.722)

1.235 
(0.544-2.803)

p=0.376 p=0.904 p=0.530 p=0.910 p=0.636 p=0.614

Other diseases

0.975 
(0.513-1.850)

0.598 
(0.237-1.514)

1.524 
(0.509-4.562)

1.083 
(0.550-2.133)

0.806 
(0.307-2.115)

1.387 
(0.454-4.237)

p=0.937 p=0.278 p=0.452 p-0.818 p=0.661 p=0.565

Table 4. Association between chronic conditions and balance function.

A p value of 0.05 or less was considered statistically significant. CI – confidence interval; OR – odds ratio. Chronic conditions includes: 
Hypertension, Diabetes mellitus, Dyslipidemia and others (hypothyroidism, chronic kidney disease, anemia, hyperthyroidism, 
rheumatism).
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neurological diseases. Doing so may help clinicians screen pa-
tients with abnormal balance function – especially those who 
are elderly – to determine whether they are at high risk of fall-
ing. In addition to treating illnesses that can cause dizziness, 
clinicians should counsel patients about measures to manage 
chronic conditions, assess their eyesight, and encourage them 
to exercise to improve their balance function.

There was another interesting result from our research. Many 
studies have found the prevalence of dizziness to be approx-
imately 2 to 3 times higher in women than in men (consis-
tent with our study). In the present study, however, among the 
younger outpatients with dizziness, the incidence of balance 
disorder was higher in men than in women. The same sex dif-
ference was not found in the elderly group.

Most studies have reported a significant association between 
hypertension and balance disorder [20,22,29,30], possibly be-
cause of the effect of hemodynamics on microcirculation in 
the inner ear, exposure to multiple drugs, and the well-known 
adverse effects of antihypertensive drugs. In addition, sever-
al authors have implicated metabolic disorders such as DM, 
dyslipidemia, and hypothyroidism in the etiology of balance 
disorders related to labyrinthine dysfunction through corre-
sponding changes in hormone levels [23,31-34]. These stud-
ies partly explain the possible mechanism of abnormal bal-
ance function in patients with chronic conditions. However, 
with the exception of hypertension, which was significant-
ly correlated with balance disorders in the elderly patients in 
our study, other chronic diseases did not have any significant 
influence on those patients. The probable reason is the insuf-
ficient sample size. Another possible reason is that balance 
function compensation is a very complex process involving 
multiple systems, such as the peripheral nervous system and 
the musculoskeletal system. Mechanisms of pathogenesis and 
development of various chronic diseases are diverse, leading 
to differing effects on balance function [35,36].

The main limitations of the present study are its single-center 
nature and small sample size. Another limitation of our study 
is that we considered only certain chronic conditions and not 
factors related to them, such as their duration and how they 
were managed. Some quantitative methods can be used to 

evaluate comorbidity. For example, the Charlson-Deyo comor-
bidity index is a weighted index that considers the number 
and intensity of comorbidities to estimate the risk of mortal-
ity. However, it takes into consideration 17 diseases, and be-
cause only a few chronic diseases were included in the pres-
ent study, the applicability of the index to our research was 
poor. Furthermore, because we used a questionnaire to collect 
data on chronic disease history, the information is subject to 
recall error and inaccuracy. Finally, other factors that can affect 
balance function, such as relevant medications and arrythmia 
history, were not included in the present study. Further multi-
center, prospective studies with larger sample sizes that take 
into consideration possible factors related to chronic disease 
would further strengthen our understanding of the relation-
ship between chronic disease and balance disorders in elder-
ly patients with dizziness.

Conclusions

Given the high prevalence and catastrophic consequences of 
balance problems in patients with dizziness, balance disor-
ders merit special attention, particularly in the elderly pop-
ulation. The present study proved that an association exists 
between chronic conditions and balance function in older pa-
tients who have dizziness. Clinicians in all specialties should 
consider chronic conditions when they encounter elderly pa-
tients who complain of dizziness. In these cases, laboratory and 
diagnostic testing of blood lipids and thyroid hormones and a 
fasting blood glucose test should be ordered and the patient’s 
blood pressure should be measured. A multidisciplinary team 
approach to the management of dizziness is recommended, 
including consultation with otolaryngologic, neurologic, oph-
thalmologic, psychiatric, and geriatric departments.
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