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ABSTRACT 
 
 

HEALTHCARE UTILIZATION FOR BALANCE PROBLEMS IN COMMUNITY-
DWELLING ADULTS IN THE UNITED STATES OF AMERICA 

 
by 
 

Shweta Kapur 
 
 

Advisers: Dr. Daniel J. Goble, Ph.D. and Dr. Kwame S. Sakyi, Ph.D., M.S.P.H. 
 

  This dissertation addresses healthcare utilization for balance problems in 

community-dwelling adults in the United States of America. Balance problems are one of 

the major risk factors for falls. Falls are the leading cause of mortality and chronic 

disability in elderly adults. The first project (review article) presented in this dissertation 

explored factors associated with healthcare utilization for balance problems as guided by 

the Andersen Healthcare Utilization Model. This model is frequently used to examine the 

factors leading to the use of health services. Age, sex, race/ethnicity, BMI, and 

comorbidities were identified as some of the factors that pre-disposed the underutilization 

of healthcare services for balance problems. Socioeconomic status, health insurance, and 

access to primary care could enable or disable healthcare utilization. The severity of 

balance problems, perceived illness, and its impact on daily activities were the factors 

that could affect the need for care.  

 The second study used real-world nationally representative data from the National 

Health and Nutrition Examination Survey (NHANES) to investigate the associations 

suggested by the literature review. A total of 1834 adults who self-reported having 

balance problems in the past 12 months were included in this study. Outcome measure 
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was whether the individual ever saw a health professional for balance problems. Only 

32.13% of the individuals who reported having balance problems sought healthcare 

services for balance problems. Older age, lack of health insurance, not seeing a healthcare 

provider in the past year, and not experiencing any fall(s) in the past year had a 

significant association with reduced healthcare utilization for balance problems. These 

findings can help identify populations at increased risk of underutilization. 

  The third study investigated the congruency between self-reported balance 

information and performance-based balance measures (Romberg Test of Standing 

Balance on Firm and Compliant Support Surfaces, RTSBFCSS), along with exploring the 

predictors of congruency between these balance measures. A nationally representative 

sample of 4939 community-dwelling adults (≥40 years) for whom self-reported balance 

status responses and performance-based balance examination results were available was 

used for this study. Of the 4939 study participants, 36.9% had evidence of balance 

problems on RTSBFCSS. About 7 in 10 adults with performance-based balance deficits 

reported no balance problems on the self-reported question. Sole reliance on self-reported 

information for balance screening may be inadequate. Results can help identify 

populations more likely to have discrepancies between balance measures. 
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CHAPTER ONE 

INTRODUCTION  
 
 
 

1.1 Balance Problems and Falls 

Balance is an essential function of the human body to maintain stability, both at 

rest and during movement. It is the ability of the body to keep its center of mass over its 

base of support.1 Complex interactions between different physiological systems are 

necessary to accomplish balance. Sensory information from the vestibular, visual, and 

proprioceptive systems is sent to the brain for integration and processing.2 Final 

execution occurs via the muscular system which makes the necessary postural 

adjustments to preserve balance.2 Damage to any of the components underlying this 

complex mechanism can lead to balance problems, making the individual feel unsteady, 

off-balance, or dizzy.1,3  

Balance problems are quite prevalent in adults, especially older adults.4,5 These 

balance problems can result in falls, which are a major public health issue.6  It has been 

reported that about 1 in every 4 adults over the age of 65 years, experience a fall every 

year.7 Falls are the second leading cause of unintentional injury deaths worldwide and the 

leading cause of nonfatal unintentional emergency department visits in the United States 

(US).8,9  

Falls cause a substantial financial burden as well. It has been reported that about 

$50 billion is spent on the medical management of falls and fall-related injuries every 

year.10 This cost is projected to go up to a staggering $100 billion by the year 2030.11 

Hence improving healthcare utilization for balance problems and targeting timely 
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management of balance problems, before they result in a serious event, can result in both 

better patient outcomes as well as significant financial benefits. 

1.2 Dissertation Overview 

Community-dwelling adults are the individuals who are not institutionalized, 

meaning they live independently in their homes.12,13 The work presented in this 

dissertation investigates the healthcare utilization for balance problems among 

community-dwelling adults living in the US. There are effective fall prevention 

interventions available,14-17 yet the number of falls and related injuries is on the rise.5 

This led us to explore the factors preventing individuals with balance issues from seeking 

healthcare services for their balance problems. We also wanted to determine if all the 

individuals with balance problems are even aware of their condition. In the first study, an 

extensive literature review was conducted to examine the factors affecting healthcare 

utilization for balance problems. Due to the scarcity of literature directly addressing this 

question, the literature review was broadened to find potential factors affecting healthcare 

utilization for balance problems. However, these potential associations needed to be 

confirmed using nationally representative data. So, the second study was designed to use 

a nationally representative sample of community-dwelling adults with self-reported 

balance problems, to find the factors associated with healthcare utilization for balance 

problems at a population level. Following this, the third study was conceived to 

determine the extent of self-awareness about one’s balance problem by exploring the 

congruency between the self-reported balance information and results of performance-

based balance testing among the community-dwelling population of the US aged 40 years 

or more.  
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1.3 Organization of Dissertation 

  This dissertation has six chapters. Chapter 1 presents an introduction to balance 

problems and falls. Chapter 2 details the literature review of the potential factors 

associated with healthcare utilization for balance problems among the community-

dwelling adults in the US. This review was recently published in the peer-reviewed 

Healthcare Journal.18 Chapter 3 contains the original research study exploring the 

predictors of healthcare utilization in community-dwelling adults with self-reported 

balance problems. This study has been submitted for publication and is currently under 

review for publication in the Journal of Gerontology: Medical Sciences.  Chapter 4 

presents another original research study investigating the congruency between self-

reported balance information and the results of performance-based balance testing in a 

nationally representative sample. This study has been submitted for publication and is 

currently under review for publication in the Physical Therapy Journal. Chapter 5 

provides a brief overview of the future directions of this research work. Chapter 6 

summaries this dissertation and contains the discussion and conclusion sections.  
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CHAPTER TWO 

LITERATURE REVIEW: 
POTENTIAL FACTORS ASSOCIATED WITH HEALTHCARE UTILIZATION FOR 

BALANCE PROBLEMS IN COMMUNITY-DWELLING ADULTS WITHIN THE 
UNITED STATES 

 
 
 

2.1 Background 

Balance, the ability to maintain the body’s center of mass over its base of support, 

is maintained by a complex set of interactions between the sensory and motor systems.1 

Injury, disease, or aging can affect these interactions and result in balance disorders.2 

Balance disorders, which are highly prevalent in the elderly,4,5 can make the person 

unsteady, off-balance, or dizzy, and may result in a fall. In the United States of America 

(USA), falls are a leading cause of mortality and chronic disability in community-dwelling 

adults, especially those over 65 years of age.6  

The Center for Disease Control and Prevention defines falls as unexpected or 

unintentional dropping to a lower surface (i.e. the floor), from a standing, seating, walking, 

or bending position.19 A study by Penger et al. reported dizziness, which is one of the risk 

factors for falls, as a common complaint among adults more than 50 years old.20,21 Since 

dizziness is responsive to rehabilitation, this study also called upon public health officials 

to raise awareness of dizziness in this population.21  

The World Health Organization has reported that falls are the second leading cause 

of unintentional injury deaths worldwide.8 Approximately 37.3 million falls occurring 

worldwide require medical attention each year.8 In a study of 6785 patients by Agrawal et 

al., about 35% of Americans over age of 40 years had objective evidence of vestibular 
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dysfunction.3 In the same study, about 32% of the individuals who reported having no 

symptoms of dizziness, were found to have vestibular dysfunction which correlated with 

an increased number of falls.3 Screening of such individuals and early treatment may be an 

avenue to prevent falls. 

2.1.1 Burden on Healthcare  

Falls are the number one cause of nonfatal unintentional emergency department 

visits in the United States, according to the National Center for Injury Prevention and 

Control.9 A recent cross-sectional study of fall injuries by Hoffman et al. using the data 

from years 2016 to 2019, reported an increase of 1.5% per year in fall-related injuries.5 It 

has been estimated that there were $616.5 million in direct medical costs for fatal fall-

related injuries and $30.3 billion for non-fatal injuries in 2012.22 Given the 12-fold increase 

in the likelihood of falls in symptomatic patients with vestibular dysfunction, Agrawal et 

al. emphasized the need for screening, diagnosing, and treating patients with vestibular 

deficits to reduce the burden on healthcare due to fall-related injuries.3 Early management 

of balance problems, both vestibular and non-vestibular, that are responsive to treatment 

can help reduce this ever-increasing burden of falls on healthcare. 

2.1.2 Healthcare Utilization 

According to the United States Department of Health and Human Services, around 

70% of adults with moderate to severe balance or dizziness problems saw a healthcare 

specialist in 2016.23 Since individuals with mild balance or dizziness problems might not 

have pronounced clinical symptoms or might even be unaware of the problem3, it can be 

postulated that the number of individuals with mild balance or dizziness problems seeking 

healthcare services would be even lower. Lin et. al conducted a cross-sectional analysis 
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and reported that one in every five elderly individuals experiences dizziness or balance 

problems every year, but only about 50% of these individuals sought help from the 

healthcare system.4 Although many studies discuss falls, their burden on healthcare and the 

efficacy of fall prevention programs5,9,22, there is limited data on the factors associated with 

the under-utilization of healthcare services in individuals with balance problems.  

Only one known study has attempted to identify the factors associated with 

inpatient healthcare utilization resulting from falls in community-dwelling elderly 

individuals within the United States. In that study, Choi et al. found that certain injury 

characteristics and factors such as falling inside the home, falls due to loss of balance, and 

living alone were more likely to be associated with hospitalization following fall injuries.24 

This study also reported that almost three-quarters of the individuals experiencing falls 

sought treatment in outpatient settings.24 However, this study only examined healthcare 

utilization in individuals who had already sustained fall-related injuries. It remains unclear 

to what extent including all individuals who report balance or dizziness problems would 

affect the analysis. Further, barriers preventing these individuals from seeking help before 

the condition results in a serious injury are yet unknown.  

2.1.3 Objective and Significance 

The objective of this study was to review the existing literature to explore the 

potential factors that might be associated with the utilization of healthcare services for 

balance problems in community-dwelling adults in the US. This information can help 

facilitate future research in this domain investigating the healthcare utilization for balance 

problems. Given the scarcity of existing studies directly discussing the healthcare 

utilization for balance problems before a serious balance event or fall occurs, a list of 
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potential factors can be useful for further studies aiming to investigate these associations 

with the utilization of healthcare services. The knowledge about the barriers to healthcare 

utilization for balance problems in community-dwelling adults can form the basis of future 

healthcare interventions to improve access for these patients. This approach has the 

potential to reduce falls when the responsible conditions are identified and treated before 

they result in a loss of balance or a serious fall. In addition, these findings might help in a 

more efficient allocation of healthcare resources. It can help in focusing the efforts on 

effective screening of the vulnerable individuals, on improving the access to care and on 

educating, those who are at higher risk for underutilization, about the effective fall 

prevention interventions available. 

2.2 Framework 

Different frameworks have been utilized in the past to analyze and understand 

factors associated with healthcare resource utilization.  The Andersen Healthcare 

Utilization Model is one of the most frequently used frameworks25, which can be used to 

explore and demonstrate the factors leading to the use of health services.26 

The Andersen Healthcare Utilization Model has evolved since its conception in the 

1960s, but the primary focus of this model remains unchanged, involving three categories 

of the factors recognized as determinants of health service utilization. These categories 

include predisposing factors, enabling and disabling factors, and factors affecting the need 

for care.26,27  

2.3 Predisposing Factors 

Predisposing factors are the factors that exist before the onset of illness and 

predispose an individual to be more or less likely to seek healthcare services.27  They 
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include demographic factors (such as age, sex, marital status, past illness/comorbidities), 

social factors (education, race, occupation), and beliefs (values concerning health, attitude 

towards health services, etc.).25-27 

2.3.1  Age  

Falls are more common in adults over the age of 65 years.22,28 Older adults are also 

responsible for higher utilization of healthcare services.29 A study done by the CDC, USA 

recorded 24,190 fatal falls and 3.2 million medically treated non-fatal falls in 2012 using 

the data from national databases.22 In this observational study, Burns et al. reported a higher 

incidence of falls and an increase in the direct medical costs related to fatal and non-fatal 

fall injuries with increasing age.22 Another retrospective study looking at the utilization of 

ambulatory medical care services by elderly individuals was done on 123,224 patients by 

Bussche et al.30 This study reported similar findings of high utilization of healthcare in the 

older adults, and among the older adults, those over the age of 75 years had higher 

utilization of healthcare compared to those between 65 to 75 years of age.30 So, older age 

is associated with a higher incidence of falls as well as a higher use of healthcare services. 

2.3.2 Sex  

Studies from different parts of the world have explored the association between sex 

and the incidence of falls, and the association between sex and healthcare utilization. 

Women have greater loss of bone mineral density with age compared to men which 

increases their likelihood of experiencing fall related injuries.31 The incidence of falls and 

related costs have been reported by the CDC, USA, to be higher in women compared to 

men.22 The incidence of fall-related injuries has been reported to be almost twice as high 

in women than in men.22,28 These findings have been confirmed in a retrospective study by 
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Peel et al. in Australia on 2090 patients over the age of 65 years, hospitalized with fall-

related injuries over the study period of 12 months.28 One limitation of population-based 

studies can be the generalization of the results to a different geographical location, given 

the differences in the characteristics of the study participants; so, looking at studies 

conducted in different parts of the globe can give an idea about the trends worldwide. 

Higher healthcare expenditures have been reported in women compared to men.32 A study 

using historical cohort study design on cross-sectional data reported that women have also 

been reported to be less likely to receive preventative health screening and regular care.29 

These studies used different clinical populations but point to a similar trend that women 

have a higher incidence of falls and related injuries but are less likely to receive 

preventative health screening. 

2.3.3 Race/ethnicity 

Racial and ethnic inequalities have been frequently highlighted in healthcare 

utilization. Decreased use of outpatient medical services and increased use of the 

emergency room and inpatient services by Blacks and Hispanics compared to Whites and 

non-Hispanics respectively have been well documented in the literature.33,34 Dark et al. 

conducted a study on patients with comorbid anxiety disorder and cardiometabolic 

syndrome and found that the odds of non-Hispanic Black respondents reporting to the 

emergency department and/or needing inpatient utilization were 2.39 times the odds of 

non-Hispanic White respondents for the same.33 However, this study looked at the patients 

with comorbid anxiety disorder and cardiometabolic syndrome. Another observational 

study that specifically looked at the fall-related hip fractures, reported that non-Hispanic 

Blacks were more likely to experience longer inpatient stays and delays in care compared 
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to non-Hispanic Whites.35 In another retrospective study in the US analyzing nationally 

representative data of patients with neurological conditions such as Parkinson's disease, 

multiple sclerosis, headache, cerebrovascular disease, and epilepsy, Saadi et al. reported 

that Blacks were 30% less likely to see an outpatient neurologist compared to Whites.34 

The same study also reported that Hispanics were 40% less likely to seek regular care 

compared to the non-Hispanic population.34 Hence it can be postulated that the Black and 

Hispanic population might be less likely to use healthcare services for balance and 

dizziness problems, until the latter results in a loss of balance event or a serious fall 

warranting the need for emergency or inpatient services. 

2.3.4 Body Mass Index (BMI) 

A higher body mass index has been associated with both the increased risk of fall-

related injuries and the higher utilization of healthcare services in multiple separate 

studies.36-38 Some studies have reported higher risk of falling in individuals with both low 

and high BMI compared to those with normal BMI.39A study by Finkelstein et al. reported 

a higher probability of sustaining a fall-related injury in individuals with high BMI.37 This 

study was a cross-sectional analysis done on the data for 42,304 adults representing the 

non-institutionalized population of the US.37 Individuals with a BMI of 40 kg/m2 or higher 

had 1.79 times higher odds of sustaining a fall-related injury compared to individuals with 

a normal BMI.37 One limitation of this study is that it relied on self-reported height and 

weight for the BMI calculation.  However, high BMI is also associated with multimorbidity 

and a higher incidence of diabetes, which can in turn make these individuals more prone 

to falls and related injuries.38 Edwards et al. used the data for 33,882 adults in Norway to 

look at both the annual utilization and the lifetime utilization of healthcare services.36 This 
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study reported that the number of healthcare contacts increased from 3.1/ year in 

individuals with normal BMI to 6.1/year in individuals with class 2 and 3 obesity.36 Even 

after considering the early mortality associated with high BMI, lifetime utilization was 

found to be higher in obese individuals.36 However, this study explored the overall 

healthcare utilization and not the healthcare utilization due to fall-related injuries per se. 

2.3.5 Comorbidities 

The presence of multiple comorbidities has been associated with higher utilization 

of healthcare services.40 Certain comorbidities also increase the risk of falls. A meta-

analysis of studies from Australia, Sweden, the United Kingdom, and the United States 

looked at 537 participants with 1721 reported falls and found a high risk of falls in patients 

with Multiple Sclerosis.41 Another review on balance and falls in Multiple Sclerosis 

patients by Cameron et al. in the USA reported that 50-80% of these patients have balance 

and gait dysfunction and more than 50% fall at least once every year.42 Individuals with 

neurological disorders have been reported to have more frequent and more severe falls.43 

Recurrent and disabling falls have been commonly observed in patients with Parkinson’s 

disease.44,45 A study conducted by Rudzinska et al. on Parkinson’s disease patients reported 

that these patients fell three times more frequently compared to age and sex-matched 

controls.45 Homann et al. found that patients with hyperkinetic movement disorders 

including Huntington’s disease, restless leg syndrome, and spinocerebellar ataxias had 

increased fall risk.43 According to a meta-analysis of 74 studies, individuals with gait 

problems or those using walking aids were 2 to 3 times more likely to experience a fall.46 

Patients with Diabetes Mellitus (DM) have been reported to have higher fall risk; the 

increased risk of falling due to DM was much more pronounced in insulin-treated patients 
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compared to non- insulin-treated patients.38 Differences in the utilization of healthcare 

services have been reported by a population-based study on 21,277 diabetic patients.47 

Patients with DM had higher utilization of services in women compared to men.47 Hence, 

the presence of certain comorbidities can be associated with both a higher incidence of falls 

and a higher utilization of healthcare. 

2.4 Enabling and Disabling Factors 

Factors that must be available for an individual to use healthcare services have been 

referred to as enabling factors, and the factors that prevent an individual from using such 

services are disabling factors. Enabling and disabling factors include socio-economic 

status, place of residence, health insurance, and access to primary care health services.25-27 

2.4.1 Socioeconomic Status 

Differences in socio-economic status can result in differences in the ability to cover 

treatment costs and co-pays, along with the ability to take time off from work for proper 

evaluation and treatment. Individuals with low socioeconomic status have also described 

factors such as cost, transportation, poor health education, and lack of a social network as 

barriers to optimal healthcare utilization.48 Several studies have reported a socioeconomic 

gradient in the utilization of healthcare services.49-51 Hence individuals from low 

socioeconomic classes might be at a greater risk of underutilization of healthcare services 

for balance problems unless the problem results in a serious event. After the balance 

problem results in a serious event or disabling fall, these individuals might have a higher 

healthcare utilization as higher utilization of healthcare services has been reported after 

surgical procedures in socioeconomically disadvantaged groups.50 
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2.4.2 Health Insurance 

The availability of health insurance and the type of insurance the individual has can 

determine healthcare utilization.51,52 In different clinical populations, utilization of 

healthcare services has been found to be higher in individuals with public insurance 

compared to those with private insurance.51,53 The odds of a hospital stay longer than three 

days in post knee arthroplasty patients have been reported to be 1.22 to 1.68 times more 

for those with public insurance compared to those with private insurance.51 This study also 

reported that the individuals with public insurance had 1.40 to 1.77 times higher odds of 

discharge to an inpatient facility instead of home, post hospitalization compared to those 

with private insurance.51 A recent study exploring healthcare spending in the US for falls 

reported that public insurances financed most of the healthcare spending in elderly 

individuals over the age of 65 years, whereas in younger individuals most of the spending 

involved individuals with private insurances.54 So, while it seems reasonable to assume 

that individuals without insurance may be at a higher risk of underutilization of healthcare 

services for balance problems, more studies are needed to ascertain if the type of insurance 

has any association with healthcare utilization for balance problems.  

2.4.3 Access to Primary Care Services 

Timely access to primary care services may assist in the timely diagnosis of the 

balance problem and efficient management of the problem before it results in a fall. 

Significant potential for the reduced long-term burden on healthcare and reduced costs 

have been reported with increased access to primary care services.55,56 However, a 

secondary analysis of data from 11 countries reported that about one in five adults 

experience barriers in accessing primary care services and females were more likely to 
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experience this.55 Individuals residing in medically underserved areas with limited access 

to primary care services have been known to have worse health outcomes once they 

develop a condition that warrants hospitalization.57 One might expect that those individuals 

who have not sought any primary care services in the past year could be less likely to seek 

help for balance problems.  

2.5 Factors Affecting Need for Care 

Factors associated with the need for care include the level or severity of illness, 

perceived illness, and its impact on daily activities.25-27 These are the factors that represent 

the actual and perceived need for care. 

2.5.1 Severity of Balance Problem 

Healthcare utilization is expected to increase with the increase in the severity of the 

illness experienced by the individual.58,59  However, a decrease in the use of recommended 

care with increasing levels of activity limitation has also been reported.60 So, it is debatable 

if a more pronounced balance problem would result in an increased or decreased utilization 

of healthcare services.  

2.5.2 Perceived Illness 

Perception of the physical problem can vary with the individual. Secondary analysis 

of the data from a controlled trial reported that greater patient perception of fall severity in 

the elderly has been associated with better quality of care the patient received.61 However, 

there is a scarcity of literature on the association between patients’ perception of their 

balance problem and the utilization of healthcare services for the same. Patients perceiving 

their balance problem to be severe might be expected to seek help from the healthcare 

system compared to those who perceive their problem to be trivial or small.  
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2.5.3 Impact on Daily Activities 

The impact of balance problems and the resulting falls can vary greatly among 

individuals. It can range from mild restrictions on the personal freedom to total 

institutionalization.62 In a population based cross-sectional study, Taburee et al. reported 

falls to be one of the predictors of health-related quality of life in community-dwelling 

adults.63 Recurrent fallers have also been reported to have poor physical performance and 

a poor quality of life compared to single fallers.64 A more pronounced impact of the balance 

problems on daily activities might warrant an individual to seek help for the management 

of the problem.  

2.6 Conclusion 

To summarize, the current literature supports the existence of underutilization of 

healthcare services for the management of balance problems in adults, especially older 

adults, with balance or dizziness problems. Certain factors may be preventing these 

individuals from using healthcare services, and identification of such factors would aid in 

increasing healthcare access and reducing the incidence of falls and related injuries. There 

is a scarcity of literature reporting factors associated with healthcare utilization for balance 

problems, especially before these problems result in a serious event or fall. The potential 

factors identified upon the review of literature that may be associated with healthcare 

utilization for balance problems in community-dwelling adults have been summarized in 

the Figure 1.  
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Figure 1: Potential factors identified upon literature review associated with healthcare 

utilization for balance problems in community-dwelling adults. 

Age, sex, race/ethnicity, BMI, and comorbidities have been identified as some of 

the potential predisposing factors; socioeconomic status, health insurance, and access to 

primary care are the enabling and disabling factors; and severity of balance problem, 

perceived illness, and its impact on daily activities are the factors affecting need for care 

that may be associated with healthcare utilization for balance or dizziness problems. 

Further research using population-based models to confirm these associations is warranted 

to identify and tackle the barriers to healthcare utilization for balance problems, so that the 

burden of fall-related injuries can be reduced with timely intervention and management. 
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CHAPTER THREE 

PREDICTORS OF HEALTHCARE UTILIZATION FOR SELF-REPORTED 
BALANCE PROBLEMS IN COMMUNITY-DWELLING ADULTS 

 
 
 

3.1 Introduction 

Balance disorders are highly prevalent in older adults.5 These balance disorders 

can result in falls, which are the leading cause of mortality and morbidity in community-

dwelling adults.6 Existing literature supports the efficacy of exercise and multifactorial 

interventions for fall prevention in this population.15-17,65 Despite efforts at different 

levels to minimize falls, the number of falls, related injuries, and its burden on the 

healthcare system is rising.5,22 Given the trend of increasing falls and related injuries, 

despite the availability of effective fall prevention interventions, it is crucial to determine 

how many people with balance problems are actually utilizing these interventions. 

Specifically, it is important to identify the factors that prevent individuals from accessing 

them.  

 There is a scarcity of literature exploring predictors of healthcare utilization for 

balance problems. A recent literature review18 used the Andersen Healthcare Utilization 

Model25,27 to examine potential factors associated with the underutilization of healthcare 

services for managing balance problems in community-dwelling adults. This review 

reported factors such as age, sex, race, body mass index, and preexisting comorbidities 

that pre-disposed underutilization of healthcare services for balance problems. Access to 

a primary care provider, health insurance coverage, and socioeconomic status could 

enable or disable healthcare utilization. Lastly, it was posited that the occurrence of falls, 
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individual’s perception of the balance issue, and its impact on activities of daily living 

can affect healthcare utilization.18 However, further research using real-world data, such 

as the National Health and Nutrition Examination Survey (NHANES), is needed to 

confirm these potential associations. 

Despite inconsistent differences between men and women on different 

performance-based balance tests reported in the literature,31,66,67 there is a higher 

incidence of falls in women.22 Age-related loss of bone mineral density is greater in 

women than men.31 Women have also been reported to be more willing to engage in 

interventions to improve balance after experiencing falls68. This aligns with reports of 

higher healthcare utilization for fall-related injuries among females, especially older 

females compared to older men.22 These sex differences in healthcare utilization are 

further evident in those with preexisting comorbidities.47,69,70 Hence, it seems worthwhile 

to explore if sex is an effect modifier for the association between healthcare utilization 

for balance problems and other factors. 

Previous literature has explored healthcare utilization for falls and fall-related 

injuries22,24, but to the authors’ knowledge, there is no study exploring the factors 

associated with healthcare utilization for balance problems at the population level. It is 

both important and challenging to identify individuals for balance-related healthcare 

services.16 Identifying factors that prevent or reduce the utilization of healthcare services 

for balance problems can guide future efforts to improve access to effective interventions 

for vulnerable populations. 

The present study explores the factors associated with healthcare utilization for 

balance problems in community-dwelling adults in the United States of America. This 
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was an exploratory study for future hypothesis generation. New knowledge regarding the 

factors associated with healthcare utilization for balance problems in community-

dwelling adults can form the basis of future research on healthcare interventions to 

improve access for these patients. This study further provides insight into age-sex, sex-

falls, and sex-comorbidity interactions for healthcare utilization for balance problems. 

3.1.1 Significance 

 Knowledge about the factors influencing healthcare utilization for balance 

problems in community-dwelling adults in the US can help both the researchers and 

regional/national organizations convene, integrate, and influence healthcare policies 

promoting health equity by improving access to healthcare for vulnerable populations. 

Timely management of balance problems, before they result in a serious event, can help 

improve patient outcomes and reduce the burden on the healthcare system. 

3.2 Methods 

This study involved a secondary analysis of the data from the National Health and 

Nutrition Examination Survey (NHANES), which examined a nationally representative 

sample of the noninstitutionalized civilian resident population of the United States. 

NHANES data was collected via a combination of in-home interviews and standardized 

health examinations conducted in mobile examination centers. NHANES used a 

stratified, multistage probability sampling design.  

The NHANES sample was selected using a four-stage process which began with 

Primary Sampling Units (PSUs). PSUs were counties or small groups of contiguous 

counties.71 A block or a group of blocks within a PSU containing a cluster of households 

were determined as segments.71 Households were randomly chosen from these segments 
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and then one or more participants were selected from the households.71 Trained 

interviewers administered the NHANES questionnaires in the participant’s household. 

Additional details about the survey design, sample selection, and informed consent used 

by NHANES are available elsewhere.71,72  

The analyses were carried out using demographic data and standing balance 

questionnaire data from NHANES 2001-02 and 2003-04 cycles. These cycles were 

selected for this study because they are the latest cycles of nationally representative 

NHANES data for the US population aged 40 years and older that administered a balance 

questionnaire. This questionnaire included data on balance, dizziness, or light-headedness 

problems. Together, these problems have been referred to as “balance problems” in this 

manuscript. It has been previously acknowledged that NHANES balance questionnaire 

data includes an over-sampling of low-income individuals, those above 60 years of age, 

African Americans, and Mexican Americans.71,72 This approach ensured that these under-

represented groups were well-modeled in the data. 

Participants were asked “During the past 12 months, have you had dizziness, 

difficulty with balance or difficulty with falling?” (later referred to as the “balance status” 

question). The available options were yes, no, refused or don’t know. Participants’ 

response to this question was used to ascertain the presence of balance problems for this 

study. Participants who answered yes to this question, were further asked “Have you ever 

been treated by a doctor or other health professional for dizziness, a balance problem, or 

falling?”. Similar response options of yes, no, refused or don’t know were available.   
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3.2.1 Participants 

To study healthcare utilization for balance problems in community-dwelling 

adults and the factors associated with it, all adult individuals, aged 40 years or more, who 

self-reported having balance problems in the past 12 months, were included in the study. 

Of the total of 21,161 participants included in NHANES 2001-02 and 2003-04 data 

cycles, 6785 individuals were administered the balance status question. About 1834 

individuals answered yes to this question and were included in this study. The details of 

the inclusion of study participants have been described in Figure 2. 

 

Figure 2: Flowchart detailing the inclusion criteria for study participants 

Total participants in NHANES data cycles 
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or older who were administered the 
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balance status 
question, n=2 

Answer 
missing in 

the NHANES 
data, n=4

Yes/No response 
available for the balance 
status question, n=6777

Yes, n=1834 (reported 
having balance 

problems)

Included in the 
study, n=1834

No, n=4943           
(reported no 
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Rest 
excluded, 
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3.2.2 Outcome Variable and Covariates 

The outcome measure was a binary variable that assessed whether an individual 

ever saw a doctor or other health professional for balance problems. Predictors were 

drawn from the NHANES data as guided by the Andersen Health care Utilization Model, 

based on the literature review conducted to identify the potential factors.18 Variables 

included in the model were age, sex, race, education level, marital status, annual family 

income, occurrence of fall(s) in the past year, number of comorbidities present (arthritis, 

congestive heart failure, coronary artery disease, stroke, cancer, diabetes mellitus), 

whether seeing a mental healthcare provider for mental health issues, general health 

status, whether covered by health insurance or not, whether received healthcare services 

over the past year or not, type of work/occupation, and average level of physical activity. 

Age was the only continuous variable and rest were binary or categorical variables. 

3.2.3 Statistics 

Data from NHANES 2001-02 and 2003-04 cycles was combined and probability 

weights were calculated as per the National Center for Health Statistics guidelines.73 All 

analyses were adjusted using probability sampling weights with measures of frequency, 

central tendency, and dispersion calculated for continuous and categorical variables as 

appropriate. An unadjusted relative association measure (Odds ratio, OR) and 95% 

confidence interval (95%CI) was calculated for each association using simple logistic 

regression74. An adjusted odds ratio was calculated using binary logistic regression. The 

multivariable binary logistic regression model74 was used to explore the associations 

between different independent variables and the outcome measure, utilization of 

healthcare services for balance problems. Model fitness was evaluated using the Archer-
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Lemeshow goodness of fit test. The data for the outcome variable was missing for 8 

participants. None of the variables included in the multivariable regression model were 

missing more than 5% of the data, so no imputations were made for the missing data. 

Multivariable logistic regression model was constructed using a combination of 

statistical (p<0.1) and theoretical approaches based on literature review18. Based on the 

literature review,18 age-sex interaction, sex-occurrence of fall(s) interaction, and sex-

comorbidities interactions were investigated. Neither of these interactions was found to 

be statistically significant. We also checked for multicollinearity among the independent 

variables using variance inflation factor (VIF). The mean VIF was 1.61, indicating no 

problem of multicollinearity. 

Predicted probabilities of healthcare utilization for balance problems were 

calculated for all the statistically significant predictor variables. For age, we calculated 

predicted probabilities of healthcare utilization at ten-year increments, that is, 40, 50, 60, 

70, 80, and 90 years of age. To compare the relative magnitude of the associations of 

different explanatory variables with the outcome, the input variables were standardized or 

scaled. This was based on Gelman et al. recommendation that continuous variables 

should be divided by two times the standard deviation instead of one to match the scale of 

binary variables.75 Only the continuous variables were standardized and binary variables 

were left as is, as proposed by literature on scaling regression inputs.75 Standardized age 

variable was created by using the following equation: 

Standardized age = [Age – (Mean of age)]/ 2(Standard deviation of age) 

The statistical analysis was conducted using the Stata version 18.0 software (StataCorp., 

College Station, TX). A two-tailed p-value of 0.05 was considered significant. 
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3.3 Results 

3.3.1 Baseline Characteristics of Individuals with Self-reported Balance Problems 

The baseline characteristics of the individuals who reported having balance 

problems have been detailed in Table 1. Of the 1834 individuals who reported having 

balance problems, the mean age was 60.1 years (0.5 standard error) and about 62.26% 

were females. With respect to race, 76.77% were Non-Hispanic Whites, with 9.37% 

being Non-Hispanic Blacks, 8.81% being Hispanics, and 5.05% belonging to other races. 

About 45.35% had more than high school education, 28.27% had high school education 

and 26.37% of the participants had less than high school education. Majority of the 

participants (58.81%) were either married or living with a partner. The annual family 

income was above $20,000 for 65.29% of the participants.  

About 25.84% of the individuals with balance problems reported having one or 

more falls in the past year (Table 1). About 33.48% of the individuals who reported 

having balance problems had no other comorbidity. About 93.38% of individuals 

reported seeing a doctor or healthcare provider (for any reason) over the past year. About 

36.75% of the individuals with balance problems reported that they mostly sat during the 

day and did not walk about much, when asked about the physical activity level. Another 

46.89% reported that they stand and walk a lot during the day, but do not have to carry or 

lift things often. Only 4.56% reported doing heavy work or carrying heavy loads as a part 

of their daily activities. About 11.77% of those with balance problems were not covered 

by health insurance. A total of 60.27% of the individuals with balance problems reported 

not working at the time of this survey.  About 14.49% of those with balance problems 

reported seeing a mental health professional in the past year.  
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Table 1: Baseline characteristics of the individuals who reported having balance 

problems  

Characteristics  Mean 
(Standard 
error) 

Frequency (%) 

Age, years (n= 1834) 60.08 (0.46)  
Sex (n= 1834) 
     Female 
     Male 

 
 

 
1091 (62.26) 
743 (37.74) 

Race (n=1834) 
     Non-Hispanics Whites  
     Mexican American/other Hispanics 
     Non-Hispanics Blacks 
     Others 

 
 

 
1115 (76.77) 
370 (8.81) 
283 (9.37) 
66 (5.05) 

Education (n= 1822) 
     Less than high school 
     High school  
     More than high school 

  
693 (26.37) 
462 (28.27) 
667 (45.35) 

Marital status (n= 1832) 
     Married/living with partner 
     Widowed/Divorced/separated 
     Never married 

  
973 (58.81) 
749 (34.74) 
110 (6.46) 

Health insurance (n=1814) 
     Yes 
      No 

  
1617 (88.23) 
197 (11.77) 

Type of work (n=1832) 
      Not working at job or business 
      Working at job or business 
      With job or business but not working past 
      week          
      Looking for work 

  
1337 (60.27) 
447 (35.17) 
33 (3.03) 
 
15 (1.52) 

Number of total comorbidities (n= 1834) 
      0 
      1 
      2 
      3 
      4  
      5 
      6 

  
512 (33.48) 
687 (36.53) 
384 (18.46) 
179 (8.31) 
59 (2.8) 
11 (0.36) 
2 (0.067) 

Mental health issues/seeing mental health 
provider (n=1833) 
      No 
      Yes 

  
 
1615 (85.51) 
218 (14.49) 
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Table 1 – Continued 
 

Characteristics  Mean 
(Standard 
error) 

Frequency (%) 

Seen healthcare provider in the past 1 year 
(n=1833) 
      No 
      Yes 

  
 
116 (6.62) 
1717 (93.38) 

Physical activity (n=1827) 
      Sedentary (mostly sits, not walk much) 
      Stands/walks but no carrying/lifting 
      Lifts light load, climbs stairs often 
      Heavy work 

  
742 (36.75) 
847 (46.89) 
179 (11.8) 
59 (4.56) 

General Health (n= 1834) 
      Excellent 
      Very good 
      Good 
      Fair 
      Poor 

  
120 (7.46) 
306 (20.23) 
548 (32.66) 
573 (25.6) 
287 (14.06) 

Falls in the past year (n= 1832) 
      Yes 
      No 

  
537 (25.84) 
1295 (74.16) 

 

3.3.2 Healthcare Utilization for Balance Problems 

Only 32.13% of the individuals (aged 40 years or more) who self-reported having 

balance problems sought healthcare services for balance problems (Figure 3). The results 

of unadjusted simple logistic regression have been detailed in Table 2. Annual family 

income, health insurance coverage, access to healthcare provider in the past year, and 

falls in the past year had statistically significant associations with healthcare utilization 

for balance problems. Individuals whose annual family income was more than $20,000 

had 1.43 times higher odds of using healthcare for balance problems (OR 1.43; 95% CI, 

1.02-2.00; p =0.04). Those without health insurance coverage had 59% reduced odds of 

healthcare utilization for their balance problems (OR 0.41; 95% CI, 0.26-0.63; p <0.001). 
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Individuals who had seen a healthcare provider in the past year were 3.26 more likely to 

seek healthcare services for their balance problems (OR 3.26; 95% CI, 1.56-6.78; p 

=0.003). Individuals with self-reported balance problems who experienced falls in the 

past year had 35% increased odds of using healthcare for their balance problems (OR 

1.35; 95% CI, 1.05-1.73; p =0.02). 

 

Figure 3: Proportion of individuals with balance problems who sought healthcare services 

for their balance problem 

3.3.3 Predictors of Healthcare Utilization for Balance Problems- Results of the 

Adjusted Model  

The multivariable logistic regression results show that age, access to healthcare 

provider in the past year, health insurance, and falls in the past year were all significant 

predictors of healthcare utilization for balance problems. For every one-year increase in 

age, the odds of seeking healthcare services for balance problems reduced by 2% (AOR, 

0.98; 95% CI, 0.97-0.996; p =0.011).  Having access to a healthcare provider in the past 
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year was associated with 2.45 times increased odds of using healthcare services for 

balance problems (AOR 2.45; 95% CI, 1.19-5.06; p =0.017). Not having health insurance 

coverage was associated with 48.4% decrease in the likelihood of using healthcare 

services for the management of balance problems (AOR 0.52; 95% CI, 0.32-0.84; p = 

0.009). Falls in the past year significantly increased the odds of healthcare utilization for 

balance problems by 28.8% (AOR, 1.29; 95% CI, 1.03‐1.61; P=0.028). The details of the 

adjusted odds ratios and confidence intervals have been provided in Table 3.  

Table 2: Crude/unadjusted odds ratios of the relationship between healthcare utilization 

for balance problems and different covariates (Results of Bivariate simple logistic 

regression) 

Covariate Unadjusted OR  
(95% CI) 
  

p-
value 

Age  
 

0.997 (0.99 -1.01) 0.55 

Sex  
     Male 
     Female 

 
Reference 
0.91 (0.69-1.20) 

 
 
0.49 

Race  
     Non-Hispanics Whites  
     Mexican American/other Hispanics 
     Non-Hispanics Blacks 
     Others 

 
Reference 
0.74 (0.49-1.12) 
1.09 (0.88- 1.36) 
0.63 (0.28-1.38) 

 
 
0.15 
0.41 
0.24 

Education  
     Less than high school 
     High school  
     More than high school 

 
Reference 
1.09 (0.74-1.62) 
1.27 (0.94-1.73) 

 
 
0.63 
0.12 

Marital status  
     Married/living with partner 
     Widowed/Divorced/separated 
     Never married 

 
Reference 
0.78 (0.60-1.02) 
0.59 (0.24-1.43) 

 
 
0.07 
0.23 

Annual family income  
     Less than $20,000 
     $20,000 or more 
 

 
Reference 
1.43 (1.02-2.00) 

 
 
0.04 



 29 

Table 2 – Continued 
Covariate Unadjusted OR  

(95% CI) 
p-
value 

Health insurance  
     Yes 
      No 
 

 
Reference 
0.41 (0.26-0.63) 

 
 
<0.001 

Type of work  
      Not working at job or business 
      Working at job or business 
      With job or business but not working past week 
      Looking for work 
 

 
Reference 
0.87 (0.60-1.24) 
0.89 (0.31-2.56) 
0.40 (0.14-1.16) 

 
 
0.43 
0.83 
0.09 

Number of total comorbidities  
      0 
      1 
      2 
      3 
      4  
      5 
      6 
 

 
Reference 
1.31 (0.96-1.78) 
1.32 (0.90-1.93) 
1.58 (1.01-2.46) 
1.45 (0.68-3.07) 
3.22 (0.71-14.70) 
2.79 (0.17-47.08) 

 
 
0.09 
0.16 
0.05 
0.33 
0.13 
0.46 

Seen healthcare provider in the past year  
      No 
      Yes 
 

 
Reference 
3.26 (1.56-6.78) 

 
 
0.003 

Physical activity  
      Sedentary (mostly sits, not walk much) 
      Stands/walks but no carrying/lifting 
      Lifts light load, climbs stairs often 
      Heavy work 
 

 
Reference 
0.86 (0.66-1.13) 
0.91 (0.65-1.28) 
0.71 (0.31-1.63) 

 
 
0.28 
0.58 
0.40 

General Health  
      Excellent 
      Very good 
      Good 
      Fair 
      Poor 
 

 
Reference 
1.19 (0.63-2.26) 
1.06 (0.57-1.99) 
1.07 (0.62-1.83) 
1.50 (0.82-2.75) 

 
 
0.58 
0.84 
0.81 
0.18 

Falls in the past year 
     No 
     Yes 
 

 
Reference 
1.35 (1.05-1.73) 

 
 
0.02 

*Statistically significant values are in bold. 
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Table 3: Significant Predictors of Healthcare Utilization for Balance Problems in the 

adjusted multivariable logistic regression model (n= 1745) 

Covariate Adjusted OR (95% CI) p-value 

Age 0.98 (0.97-0.996) 0.01 

Falls in the past year 1.29 (1.03-1.61) 0.03 

Seeing healthcare 

provider in past year 

2.45 (1.19-5.06) 0.02 

Lack of health insurance 0.52 (0.32-0.84) < 0.01 

* Archer Lemeshow Goodness of fit test for this multivariable regression; p-value = 0.65 

(Variables included in the model: were age, sex, race, education level, marital status, 

annual family income, occurrence of fall(s) in the past year, number of comorbidities 

present, whether seeing a mental healthcare provider for mental health issues, general 

health status, whether covered by health insurance or not, whether received healthcare 

services over the past year or not, type of work/occupation, and average level of physical 

activity) 

Standardization of age was performed to compare the relative magnitude of the 

associations of different explanatory variables with healthcare utilization for balance 

problems. Results of the standardized model showed that seeing a healthcare provider in 

the past year had the largest statistically significant influence on healthcare utilization 
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(AOR = 2.45; 95% CI, 1.19-5.06; p-value =0.02), followed by the impact of health 

insurance coverage (AOR = 0.52; 95% CI, 0.32-0.84; p-value <0.01), age (AOR 0.64; 

95% CI, 0.45-0.89; p-value =0.01), and falls in the past year (AOR = 1.29; 95% CI, 1.03-

1.61; p-value =0.03). 

3.3.4 Predicted Probabilities of Healthcare Utilization for Balance Problems 

The probability of healthcare utilization for balance problems in community-

dwelling adults reduced with increasing age, as shown in Figure 4, when all the other 

factors were kept constant. The probability of seeking healthcare services for balance 

problems reduced from 0.39 for a 40-year-old with self-reported balance problems to 

0.26 for an 80-year-old with similar problems. Those who reported falling in the past year 

had a 0.36 probability of seeking healthcare services for balance problems compared to 

0.31 in those who did not experience any falls. The probability of healthcare utilization 

was almost twice for individuals who saw a healthcare provider in the past year compared 

to those who did not (0.33 vs 0.17). Lastly, the predicted probability of using healthcare 

for balance problems was 0.33 among those with health insurance coverage compared to 

only 0.21 among those who did not have insurance, keeping all the other factors constant.  
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Figure 4: Predicted probability of healthcare utilization for balance problem with 

advancing age (with 95% confidence intervals) 

3.4 Discussion 

This study reports the factors associated with reduced healthcare utilization for 

balance problems in a nationally representative sample of community-dwelling adults 

with self-reported balance problems in the US. Only 32.13% of individuals with balance 

problems sought healthcare services to address their balance issues. Older age and lack of 

health insurance were statistically significant predictors of reduced healthcare utilization 

for balance problems. Additionally, individuals who reported not seeing any 

doctor/healthcare provider in the past year had reduced odds of seeking healthcare 

services for their balance problems. Lastly, individuals who had not experienced any falls 

in the past year were less likely to seek healthcare services for their balance issues, 

indicating that people probably tend to wait till they start falling before seeking any help. 
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This study reports a 2% reduction in the odds of seeking healthcare for balance 

problems with every one-year increase in age. The probability of seeking healthcare 

services for balance problems for an 80-year-old with self-reported balance problems was 

reduced to about two-thirds of the probability for a 40-year-old with similar problems, 

when all the other factors were kept constant. Older adults usually have a higher overall 

utilization of healthcare services compared to younger adults.76 However, it has also been 

reported that older adults, though more likely to seek healthcare services for chronic 

problems or pre/post-surgery, are less likely to seek preventive services.77 This aligns 

with the decreasing trend for healthcare utilization for balance problems with increasing 

age as reported by our study.  

Our study also reports that community-dwelling adults with balance problems had 

145% higher odds of seeking healthcare services for their balance problems if they had 

seen a doctor/healthcare provider (for any reason) in the past year. This finding is in 

alignment with the literature reporting worse health outcomes for individuals living in 

medically underserved areas with limited access to healthcare services.57 Healthcare 

visits, particularly primary care visits increase the likelihood of preventive 

interventions.78 Individuals with balance problems are likely getting referred for fall 

prevention interventions during their regular healthcare visits. Implementation of 

initiatives such as the ‘Stopping Elderly Accidents, Deaths, and Injuries’ (STEADI) 

initiative to incorporate fall risk assessment into routine clinical practice79 would further 

enhance this association between healthcare utilization for balance problems and seeing a 

healthcare provider in the past year. 
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Health insurance had the second largest impact on healthcare utilization for 

balance problems in our study. The odds of healthcare utilization reduced by nearly 50% 

for the individuals with balance problems who lacked health insurance coverage. Lack of 

health insurance coverage is a crucial driver of the disparities seen in healthcare.80  

Health insurance coverage increases the individual’s likelihood to seek preventive and 

clinical services.80-82 A universal health coverage in the US could likely increase timely 

management of balance problems and possibly reduce the burden associated with falls 

and related injuries. 

Participants in our study who reported fall(s) in the past year had 35% higher odds 

of seeking healthcare services for their balance problems. These findings imply that 

individuals with self-reported balance problems are less likely to seek preventive 

measures if they have not experienced any fall(s) in the past year. However, any fall can 

be debilitating and may result in serious injuries.6,22 Hence, education regarding the 

availability of effective multi-factorial fall prevention interventions should be considered 

for those with self-reported balance problems, even if they have not experienced any falls 

yet. Multimodal fall prevention approaches led by physical therapists83 and community-

based interventions84 have been reported to reduce falls and fall-related injuries, 

especially in community-dwelling older adults.  

Though this is a statistically sound study using nationally representative data, 

some limitations warrant attention. This study used NHANES data from 2001-2004. 

Unfortunately, more recent NHANES data cycles currently available lack the balance 

information variables of interest. Future research can use these preliminary results on 

more recent data.  
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Access to care is an important factor that can drive healthcare utilization. While 

the current study included variables to account for socio-economic status and health 

insurance coverage, we could not look at the geographic factors such as living in a rural 

vs urban community, distance from the nearest hospital/healthcare provider etc. Future 

studies should consider including more information about the accessibility to care in their 

models. Perhaps a model looking at the continuum of care can be more helpful in 

understanding the complete picture of healthcare utilization for balance problems. 

3.5 Conclusion 

 This study reports the underutilization of healthcare services for the management 

of balance problems in community-dwelling adults with self-reported balance problems. 

Older age, lack of health insurance, not seeing a healthcare provider in the past year, and 

not experiencing any falls in the past year had a significant association with reduced 

healthcare utilization for balance problems.  These findings can help identify the 

populations at risk of underutilizing healthcare services for balance problems and might 

be useful in guiding the efforts towards increased use of effective fall prevention 

interventions.  
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CHAPTER FOUR 

CONGRUENCE BETWEEN SELF-REPORT AND PERFORMANCE-BASED 
MEASURE OF BALANCE IN COMMUNITY-DWELLING ADULTS 

 
 
 

4.1 Introduction 

Balance disorders are highly prevalent in older adults and can result in fatal or 

debilitating falls. In the United States (US), falls are the leading cause of mortality and 

chronic disability in community-dwelling adults.6 Additionally, the financial cost 

associated with medical management of fall-related injuries is estimated to reach over 

100 billion dollars by the year 2030.11 

The symptoms of balance problems vary greatly, including a generalized sense of 

disorientation/disequilibrium, fear of falling, staggering when walking, and acute 

vertigo/dizziness. Despite this disparate symptomology, and the largely subconscious 

nature of balance control85, epidemiological studies on balance disorders often rely solely 

on self-reported measures to establish the presence or absence of balance problems.86,87  

A variety of performance-based balance tests have been developed, and one such 

test is the Romberg Test of Standing Balance on Firm and Compliant Support Surfaces 

(RTSBFCSS). This standardized assessment tool measures balance by testing standing 

ability in multiple stances on various ground surfaces. This quick and easy to administer 

test is very similar to the modified Clinical Test of Sensory Interaction and Balance with 

excellent reliability and validity.88-90 

The US Centers for Disease Control and Prevention (CDC) recommends using 

self-reported balance information as the first step for fall-risk screening, with 
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performance-based assessment advised only when self-reported balance problems exist.79 

However, several studies have demonstrated that older individuals often underestimate or 

overestimate their balance problems during self-report.91,92 This incongruency between 

self-reported and performance-based balance in older adults might increase the 

probability of an individual falling91 and minimize care-seeking for balance disorders via 

maladaptive self-appraisal of fall risk.92  

The incongruence between self-reported and performance-based balance 

measures has been identified among several clinical populations93-96 but has yet to be 

fully explored in the general population. In one of the only known studies addressing 

such incongruences across a nationally representative sample, close to 32% of individuals 

within the US over the age of 40 years were reported have balance impairment due to 

vestibular dysfunction and increased fall risk, despite self-reported absence of any 

balance issues87. However, this study only included patients with vestibular-related 

balance problems and did not examine how balance measure congruence differed by 

basic demographic, socioeconomic, and clinical factors.  

A recent literature review overviewed the associations between various factors 

(e.g. age, sex, race, preexisting comorbidities, general health status, socioeconomic 

status, health insurance coverage) and healthcare utilization for balance problems.18 A 

conceptual model based on this work (see Figure 5) suggests that the effect of age on 

balance metric congruence is potentially modified by sex.18,22,97 The model also proposes 

that basic demographic, socioeconomic, and clinical/health status factors may influence 

the congruence between balance measures.  
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Figure 5:  Conceptual model: Basic demographic, socioeconomic, and clinical/health 

status factors that may influence the outcome variable, the congruency between self-

report and performance-based balance measure. The interactions between basic 

demographic factors and socioeconomic factors are proposed to be unidirectional, while 

interactions between socioeconomic and clinical factors are formulated as being 

bidirectional. 

4.1.1 Purpose 

This study had two objectives. Primary objective was to investigate the 

congruency between self-reported balance information and the results of a performance-

based measure of balance (i.e. RTSBFCSS) in a nationally representative sample of 

community-dwelling adults. Secondary aim was to explore the factors associated with the 

congruency between these balance measures. Given the underutilization of healthcare 

services for balance problems,18 and the reports of faulty perception of balance status,91,92 

 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Basic 
Demographic 

Factors 
(Age, Sex, Race) 

Socioeconomic 
Factors 

(Education,  
Marital status, 
Annual family 

income, Health 
insurance, Type of 

work) 

Clinical/Health 
status Factors 
(Comorbidities,  
Mental health, 
Seen doctor in 

past year, 
Physical activity 
level, General 

Health) 

Outcome 
Congruency 
between the 

balance 
measures



 39 

it was hypothesized that a high proportion of individuals over the age of 40 years would 

underestimate their balance problem (i.e. self-report that their balance was unimpaired 

but fail the RTSBFCSS). Secondary aim was exploratory and designed to provide further 

insight (for future hypotheses generation) into the characteristics of individuals who show 

congruence between self-report and performance-based balance metrics. 

4.1.2 Significance 

Knowledge regarding the congruency between self-report and performance-based 

balance measures can inform whether using self-reported information to screen for 

balance disorders is appropriate, or if additional balance performance measures need to 

be adopted to ensure that individuals with balance problems are not missed. Hence, the 

findings can guide efforts toward more effective screening tools for balance issues. With 

adequate screening, balance problems can be identified in a timely fashion and managed, 

resulting in better patient outcomes, improved long-term quality of life, and reduced 

burden on healthcare.  

4.2 Methods 

4.2.1 Research Design 

This project was an epidemiological survey analysis that involved a secondary 

analysis of the National Health and Nutrition Examination Survey (NHANES) 2001-2004 

data. These cycles were selected because these are the latest cycles of nationally 

representative NHANES data for the US population aged 40 years and older that included 

administration of the balance questionnaire. This study was exempt from IRB approval 

because NHANES data is publicly available, deidentified, and anonymous. NHANES 
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examined a nationally representative sample of the noninstitutionalized civilian resident 

population of the United States.  

4.2.2 NHANES Data Collection 

Demographic data, standing balance questionnaire data, and RTSBFCSS balance 

examination data from the NHANES 2001-2004 cycles was obtained online. NHANES 

data collection combined in-home interviews and standardized health examinations 

conducted in mobile examination centers. NHANES used a stratified, multistage 

probability sampling design with the sample selected using a four-stage process.13 More 

details about the NHANES survey design, sample selection, and informed consent are 

available.12,13  

4.2.3 Self-reported and Performance-based Balance Status Metrics 

The self-reported balance component of NHANES used in this study was based 

on the participant’s response to the question: “During the past 12 months, have you had 

dizziness, difficulty with balance, or difficulty with falling?”.88 The balance performance 

measure component of NHANES data used RTSBFCSS to identify balance deficits.88 

The RTSBFCSS was conducted on individuals above the age of 40 years who agreed to 

participate in the NHANES health examination component.88 RTSBFCSS involved four 

standing conditions with eyes open/closed on firm and compliant surfaces. The exclusion 

criteria and the detailed procedure of the RTSBFCSS test have been described in Figure 6 

and supplemental methods (Appendix A) respectively.  

For this study, individuals were coded as having performance-based balance 

deficits if they did not pass any of the four test conditions of RTSBFCSS. Furthermore, 

participants were coded as congruent in balance measures if they correctly self-reported 
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the presence or absence of a balance issue as compared to their RTSBFCSS results. 

Participants who had a disparity between the clinical test performance and self-reported 

information were labeled as incongruent in balance measures.  

 
Figure 6: Flowchart depicting the inclusion criteria for study participants 

* Participants were excluded for safety reasons if they could not stand unassisted, had a 

prosthetic device below the waist, weighed more than 275 lbs (124.7 kg), had waist 

circumference that was either too small or too large to accommodate a properly fitted 

standard-sized safety gait belt, had severe visual impairment, or any current symptoms of 

dizziness or lightheadedness at the time of examination. 
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4.2.4 Participants 

Included in this study were all individuals over the age of 40 years who responded 

to the self-reported balance status question on the NHANES questionnaire and for whom 

the results of the balance examination were available (Figure 6).  Participants were 

excluded from the study if they refused to answer the balance status question or if they 

answered, ‘don’t know’. Following this criterion, a total of 4939 individuals were 

included in the study.  

4.2.5 Outcome Measures 

First part of the study estimated the proportion of individuals who perceptually 

underestimated (self-reported no balance problem but failed the performance-based 

RTSBFCSS) or overestimated (self-reported having a balance problem but passed the 

RTSBFCSS) their balance problem, along with the 95% confidence intervals. For the 

second part of the study, the outcome variable was the presence of congruency between 

the self-report and performance-based balance measures (binary variable). Information 

used for coding all the other covariates has been detailed in Table 7. 

4.2.6 Statistics 

Probability sampling weights were used to obtain nationally representative 

statistics of the study sample. Appropriate descriptive statistics were computed for all 

continuous (mean and standard deviation) and categorical variables (frequency and 

percent).  

A Chi-square test was used to explore the association between self-reported 

balance information and the performance on RTSBFCSS. Crude odds ratio (OR) and 

95% confidence intervals (CI) were calculated using bivariate simple logistic regression. 
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A multivariable74  binary logistic regression model was used to explore the predictors 

associated with congruency between the self-report and performance-based measures. A 

combined statistical (p<0.1) and theoretical approach was used to construct the 

multivariable model. Covariates included in the final model were age, sex, race, 

education, marital status, annual family income, health insurance, type of work, number 

of comorbidities, mental health issues, seeing healthcare provider in the past year, 

physical activity status, and general health. All covariates except age and number of 

comorbidities were categorical.  

Adjusted OR and 95% CI were calculated to get precision of estimates.  Model 

fitness was evaluated by the Archer-Lemeshow goodness of fit test which is the preferred 

test for a logistic regression model fitted using complex survey design.98 All independent 

variables in the regression model were checked for multicollinearity using the variance 

inflation factor (VIF). The mean VIF was 1.43, indicating no problem of 

multicollinearity. A two-tailed p-value of 0.05 was considered significant. 

We checked for age and sex interaction by adding an age-sex interaction variable 

in the regression model. The multivariable regression model with age-sex interaction 

term was also used to calculate the conditional probabilities of the outcome for each sex 

at ten-year increments of age, holding the other covariates constant at their means. After 

the age and sex interaction term was found to be statistically significant in the overall 

multivariable regression model, the data was stratified by sex, and multivariable logistic 

regression was performed for males and females separately. None of the covariates 

included in the model had more than 3% missing data, so no imputations were done for 
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the missing data. Stata version 15.1 complex (StataCorp., College Station, TX) survey 

design was used to conduct all the analyses.  

4.3 Results 

4.3.1 Baseline Characteristics 

A total of 4939 adults were included in this study. The mean age of the study 

participants was 56.03 years (0.30 standard error), with 51.24% being females, 78.71% 

Non-Hispanic Whites, 9.02% Non-Hispanic Blacks, and 8.33% Hispanics. All baseline 

characteristics of the population are detailed in Table 4.  

Table 4: Descriptive characteristics of the study population (n= 4939) 

Characteristics  Frequency (%) Mean 
(Standard 
error) 

Baseline characteristics 
Age, years (n= 4939)  56.03 (0.30) 
Sex (n= 4939) 
     Female 
     Male 

 
2420 (51.24) 
2519 (48.76) 

 
 

Race (n=4939) 
     Non-Hispanics Whites  
     Mexican American/other Hispanics 
     Non-Hispanics Blacks 
     Others 

 
2864 (78.71) 
1049 (8.33) 
876 (9.02) 
150 (3.95) 

 
 

Education (n= 4935) 
     Less than high school 
     High school  
     More than high school 

 
1444 (17.18) 
1214 (26.23) 
2277 (56.59) 

 

Marital status (n= 4935) 
     Married/living with partner 
     Widowed/Divorced/separated 
     Never married 

 
3267 (70.98) 
1386 (23.46) 
282 (5.57) 

 

Annual family income (n= 4810) 
     Less than $20,000 
     $20,000 or more 

 
1387 (19.32) 
3423 (80.68) 

 

Health insurance (n=4893) 
     Yes 
      No 

 
4281 (89.11) 
612 (10.89) 
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Table 4- continued 
Characteristics  Frequency (%) Mean 

(Standard 
error) 

Type of work (n=4938) 
      Not working at job or business 
      Working at job or business 

With job or business but not working                             
past week 

      Looking for work 

 
2512 (38.55) 
2240 (56.68) 
133 (3.63) 
 
53 (1.14) 

 

Number of comorbidities (n= 4939)  0.67 (0.02) 
Mental health issues/seeing mental health 
provider (n=4935) 
      No 
      Yes 

 
 
4619 (92.33) 
316 (7.67) 

 

Seen healthcare provider in the past 1 year 
(n=4936) 
      No 
      Yes 

 
 
605 (12.41) 
4331 (87.59) 

 

Physical activity (n=4932) 
      Sedentary (mostly sits, not walk much) 
      Stands/walks but no carrying/lifting 
      Lifts light load, climbs stairs often 
      Heavy work 

 
1203 (24.74) 
2771 (53.79) 
696 (16.12) 
262 (5.36) 

 

General Health (n= 4936) 
      Excellent 
      Very good 
      Good 
      Fair 
      Poor 

 
829 (20.2) 
1319 (31.36) 
1599 (30.66) 
949 (14.02) 
240 (3.75) 

 

Variables used to compute the outcome variable 
Self-reported balance problems (n=4939) 
      No 
      Yes 

 
3812 (78.79) 
1127 (21.21) 

 

Evidence of balance problems on clinical 
test (n=4939) 
      No  
      Yes 

 
2673 (63.09) 
2266 (36.91) 

 

Outcome variable 
Congruency between the balance measures 
(n=4939) 
      Incongruent 
      Congruent 

 
2055 (35.84) 
2884 (64.16) 

 

*The first category listed for each variable here was coded as 0 and used as the reference 
category for Bivariate simple and Multivariable logistic regression models. 
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4.3.2 Congruence between Self-reported and Performance-based Balance Measures 

Among the community-dwelling US population over the age of 40 years, 21.21% 

self-reported having balance problems in the past year according to the self-reported 

questionnaire. However, on performance-based balance testing, about 36.91% of all 

participants were found to have evidence of balance problems. Close to 64 % (95% CI: 

61.95%-66.31%) of participants were congruent in self-report and performance-based 

balance measures. Specifically, 11.14% (95% CI: 9.93%-12.48%) self-reported having a 

balance issue and failed the RTSBFCSS, while 53.02% (95% CI: 50.26%-55.76%) self-

reported not having balance problems and had no evidence of performance-based deficits.  

In contrast, 35.84% (95% CI: 33.69%-38.05%) of individuals showed 

incongruence between their self-reported balance status and the performance-based 

RTSBFCSS. Among these individuals, 25.78% (95% CI: 23.86%-27.79%) perceptually 

under-estimated their balance problems such that they reported no balance problems but 

failed the RTSBFCSS. The remaining 10.07% (95% CI: 8.83%-11.46%) over-estimated 

their balance problems (i.e. reported having balance problems but had no evidence of 

performance-based deficits on RTSBFCSS) (Figure 7). The differences between self-

reported information and performance-based measures were statistically significant (Chi-

square c2 (1,30) = 92.81, p-value <0.0001). Approximately 7 in 10 individuals who had 

evidence of balance problems on performance-based testing reported not having any 

balance problems on the self-reported question (Figure 8). 
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Figure 7: Bar graph showing the distribution of study participants in reference to 

congruent or incongruent assessment of balance problems. (n=4939) 

 

 
Figure 8: Pie Chart showing the self-awareness of having balance problems among 

individuals who had evidence of balance problems (on clinical balance test). (n=4939) 
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4.3.3 Association between Balance Measure Congruency and Demographic Factors 

The detailed results of the unadjusted bivariate simple logistic regression models 

are provided in Table 5. The congruency between the self-report and performance-based 

balance measures was inversely related to age. In the unadjusted logistic regression 

analysis, an increase in age was associated with a decrease in odds of congruency among 

the balance measures, in the overall sample, and also for both sexes  (crude OR = 0.96; 

95% CI, 0.96-0.97; p-value <0.001 for all participants; crude OR = 0.97; 95% CI, 0.96-

0.98; p-value <0.001for females and crude OR = 0.95; 95% CI, 0.95-0.96; p-value 

<0.001for males).  

Non-Hispanic Blacks had statistically significantly reduced odds of congruency 

among the balance measures compared to non-Hispanic Whites, in the overall sample and 

among males, but not for females when stratified by sex (crude OR = 0.85; 95% CI, 0.72- 

0.996; p-value =0.045 for all participants; and crude OR = 0.75; 95% CI, 0.57-0.99; p-

value =0.04 for males). Education, marital status, annual family income, type of work, 

number of comorbidities, seeing a healthcare provider in the past year, and general health 

status were some other covariates that had a significant association with congruency 

among the self-report and performance-based balance measures (Table 5).  

The multivariable logistic regression analyses done on all participants revealed 

age as an independent predictor of the outcome; the odds of congruency among balance 

measures reduced with increase in age. The age by sex interaction was found to be 

statistically significant when checking for the effect modification (p-value = 0.015). The 

model fitness was confirmed using the Archer Lemeshow goodness of fit test for the 

overall model with the age and sex interaction term (p-value = 0.14; Table 6).  
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Table 5: Crude/unadjusted odds ratios of the relationship between congruency among the 

balance measures and different covariates (Results of Bivariate simple logistic 

regression) 

Covariate Unadjusted  
OR  
(95% CI) 

p-
value 

Unadjusted  
OR  
(95% CI) 

p-
value 

Unadjusted  
OR  
(95% CI) 

p-value 

 All Participants 
 

Females Males 

Age  
 
 

0.96 (0.96-
0.97) 

<0.001 0.97 (0.96-
0.98) 

<0.001 0.95 (0.95-
0.96) 

<0.001 

Sex  
     Female 
     Male 
 

 
Reference 
1.10 (0.96-
1.27) 
 

 
 
0.17 

 
 
 

   

Race  
Non-Hispanics     
Whites  
Mexican 
American/other 
Hispanics 
Non-Hispanics 
Blacks 
Others 
 
 

 
Reference 
 
0.86 (0.65-
1.12) 
 
0.85 (0.72- 
0.996) 
0.70 (0.50-
0.988) 

 
 
 
0.25 
 
 
0.045 
 
0.043 

 
 
 
0.87 (0.66-
1.15) 
 
0.95 (0.77-
1.16) 
0.84 (0.54-
1.31) 

 
 
 
0.33 
 
 
0.59 
 
0.43 

 
 
 
0.84 (0.60-
1.17) 
 
0.75 (0.57-
0.99) 
0.55 (0.33-
0.90) 

 
 
 
0.29 
 
 
0.04 
 
0.02 

Education  
    Less than high  

school 
    High school  
     

More than high    
school 
 

 
Reference 
 
1.43 (1.23- 
1.66) 
1.76 (1.49-
2.08) 

 
 
 
<0.001 
 
<0.001 

 
 
 
1.32 (1.01-
1.73) 
1.55 (1.23-
1.94) 

 
 
 
0.04 
 
<0.001 

 
 
 
1.55 (1.15-
2.11) 
2.01 (1.61-
2.52) 

 
 
 
0.006 
 
<0.001 

Marital status  
Married/living 
with partner     
Widowed/Div-
orced/separated 
Never married 

 

 
Reference 
 
0.75 (0.66-
0.85) 
1.09 (0.83-
1.45) 

 
 
 
<0.001 
 
0.51 

 
 
 
0.75 (0.63-
0.89) 
0.91 (0.59-
1.40) 

 
 
 
0.001 
 
0.65 

 
 
 
0.76 (0.64-
0.90) 
1.29 (0.83-
2.00) 

 
 
 
0.003 
 
0.25 
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Table-5 continued  
Covariate Unadjusted  

OR  
(95% CI) 

p-
value 

Unadjusted  
OR  
(95% CI) 

p-
value 

Unadjusted  
OR  
(95% CI) 

p-
value 

 All Participants 
 

Females Males 

Annual family 
income  

Less than 
$20,000 
$20,000 or 
more 

 
 
Reference 
 
1.54 (1.37-
1.74) 

 
 
 
 
<0.001 

 
 
 
 
1.47 (1.28-
1.70) 
 

 
 
 
 
<0.001 

 
 
 
 
1.62 (1.28-
2.04) 

 
 
 
 
<0.001 

Health insurance  
     Yes 
      No 

 
Reference 
0.96 (0.80-
1.16) 
 

 
 
0.68 

 
 
1.17 (0.88-
1.55) 

 
 
0.28 

 
 
0.79 (0.60-
1.05) 

 
 
0.09 

Type of work  
Not working at 
job or business 
Working at job 
or business 
With job or 
business but 
not working 
past week 
Looking for 
work 

 
Reference 
 
2.04 (1.72-
2.41) 
 
1.91 (1.41-
2.57) 
 
 
1.29 (0.75-
2.22) 

 
 
 
<0.001 
 
<0.001 
 
 
0.35 

 
 
 
1.80 (1.44-
2.25) 
1.95 (1.08-
3.53) 
 
1.19 (0.44-
3.23) 

 
 
 
<0.001 
 
0.03 
 
 
0.73 

 
 
 
2.36 (1.83-
3.04) 
1.92 (1.10-
3.35) 
 
1.44 (0.64-
3.26) 

 
 
 
<0.001 
 
0.02 
 
 
0.37 

Number of 
comorbidities  

0.78 (0.71-
0.84) 
 

<0.001 0.80 (0.72-
0.89) 

<0.001 0.75 (0.67-
0.85) 

<0.001 

Mental health 
issues/seeing 
mental health 
provider  
      No 
      Yes 

 
 
 
 
Reference 
0.89 (0.63-
1.27) 

 
 
 
 
 
0.52 

 
 
 
 
 
0.85 (0.53-
1.37) 

 
 
 
 
 
0.50 

 
 
 
 
 
0.96 (0.62-
1.48) 

 
 
 
 
 
0.86 

Seen healthcare 
provider last year  
      No 
      Yes 

 
 
Reference 
0.73 (0.57-
0.93) 

 
 
 
0.01 

 
 
 
0.91 (0.63-
1.31) 

 
 
 
0.60 

 
 
 
0.65 (0.49-
0.87) 

 
 
 
0.006 
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Table-5 continued 
Covariate Unadjusted  

OR  
(95% CI) 

p-
value 

Unadjusted  
OR  
(95% CI) 

p-
value 

Unadjusted  
OR  
(95% CI) 

p-
value 

 All Participants 
 

Females Males 

Physical activity  
Sedentary 
(mostly sits, 
not walk 
much) 
Stands/walks 
but no 
carrying 
/lifting 
Lifts light 
load, climbs 
stairs often 
Heavy work 

 
Reference 
 
 
 
0.88 (0.72-
1.08) 
 
 
1.04 (0.77-
1.40) 
 
1.13 (0.77-
1.65) 
 

 
 
 
 
 
0.21 
 
 
 
0.80 
 
 
0.53 

 
 
 
 
 
0.86 (0.64-
1.16) 
 
 
1.00 (0.68-
1.47) 
 
1.08 (0.50-
2.31) 

 
 
 
 
 
0.31 
 
 
 
0.99 
 
 
0.84 

 
 
 
 
 
0.90 (0.70-
1.16) 
 
 
1.07 (0.76-
1.49) 
 
1.12 (0.70-
1.78) 

 
 
 
 
 
0.41 
 
 
 
0.69 
 
 
0.63 

General Health  
      Excellent 
      Very good 
      
      Good 
       
      Fair 
       
     Poor 

 
Reference 
0.74 (0.60-
0.92) 
0.61 (0.47-
0.79) 
0.61 (0.46-
0.82) 
0.53 (0.34-
0.81) 
 

 
 
0.008 
 
<0.001 
 
0.001 
 
0.005 

 
 
0.70 (050-
0.98) 
0.61 (0.47-
0.80) 
0.62 (0.42-
0.90) 
0.53 (0.31-
0.91) 

 
 
0.04 
 
0.001 
 
0.01 
 
0.02 

 
 
0.80 (0.59-
1.07) 
0.61 (0.43-
0.87) 
0.61 (0.42-
0.90) 
0.52 (0.27-
1.03) 

 
 
0.13 
 
0.007 
 
0.01 
 
0.06 

*Statistically significant figures are in bold and italics. 
 

The results of multivariable logistic regression models, stratified by sex, have 

been detailed in Table 6. Males had an average of 4% reduction in the odds of 

congruency among the balance measures with every one-year increase in age compared 

to a 3% reduction in the same for females (AOR = 0.96; 95% CI, 0.95-0.96; p-value 

<0.001 for males; and AOR = 0.97; 95% CI, 0.96-0.98; p-value <0.001 for females). 

Among females, having good vs excellent health status was significantly associated with 
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about 29% reduction in the odds of congruency among the balance measures (AOR = 

0.71; 95% CI, 0.51-0.97; p-value =0.03). On the other hand, the health status of males did 

not have a statistically significant association with congruency among the self-reported 

and performance-based balance measures. Race, education, health insurance, and being 

seen by a healthcare provider were significantly associated with congruency among the 

balance measures in males but not in females.  

The predictive probabilities of the congruency between self-reported and 

performance-based RTSBFCSS assessment were also calculated. The margins plot shown 

in Figure 9 illustrates the decreasing probability of congruency among the balance 

measures with advancing age. It also illustrates the effect of the interaction between age 

and sex on the predicted probabilities of the outcome. 

Table 6: Adjusted odds ratios of the relationship between congruency among the balance 

measures and different covariates (Results of Multivariable logistic regression model 

stratified by sex)  

Covariate Adjusted OR  
(95% CI)  
 

p-
value 

Adjusted OR 
(95% CI)  

p-
value 

 Females Males 

Age  
 

0.97 (0.96-0.98) <0.001 0.96 (0.95-0.96) <0.001 

Race  
   Non-Hispanics Whites  

Mexican American/ other  
Hispanics 

   Non-Hispanics Blacks 
   Others 
 

 
Reference 
0.82 (0.69-1.08) 
 
0.86 (0.61-1.12) 
0.77 (0.49-1.22) 

 
 
0.21 
 
0.18 
0.26 

 
 
0.77 (0.57-1.04) 
 
0.74 (0.56-0.99) 
0.50 (0.31-0.79) 

 
 
0.09 
 
0.045 
0.005 

Education  
     Less than high school 
     High school  
     More than high school 

 
Reference 
1.12 (0.84-1.51) 
1.08 (0.82-1.43) 

 
 
0.80 
0.60 

 
 
1.15 (0.81-1.62) 
1.39 (1.07-1.81) 

 
 
0.42 
0.02 
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Table-6 continued 
Covariate Adjusted OR  

(95% CI)  
 

p-
value 

Adjusted OR 
(95% CI)  

p-
value 

 Females Males 
 

Marital status  
Married/living with 
partner  
Widowed/Divorced/ 
separated 
Never married 
 

 
Reference 
 
1.08 (0.87-1.33) 
 
0.93 (0.57-1.50) 

 
 
 
0.48 
 
0.76 

 
 
 
0.90 (0.78-1.05) 
 
1.11 (0.70-1.77) 

 
 
 
0.17 
 
0.65 

Annual family income  
     Less than $20,000 
     $20,000 or more 
 

 
Reference 
1.13 (0.93- 1.38) 
 

 
 
0.21 

 
 
1.07 (0.87-1.32) 

 
 
0.50 

Type of work  
Not working at job or 
business 
Working at job or business 
With job or business but  
not working past week 
Looking for work 
 

 
Reference 
 
1.14 (0.88-1.49) 
1.30 (060-2.81) 
 
0.83 (0.27-2.56) 

 
 
 
0.31 
0.49 
 
0.74 

 
 
 
1.16 (0.86-1.55) 
0.94 (054-1.65) 
 
0.85 (0.39-1.87) 

 
 
 
0.32 
0.84 
 
0.68 

Health insurance  
     Yes 
      No 
 

 
Reference 
1.01 (0.71- 1.42) 
 

 
 
0.97 

 
 
0.54 (0.37-0.80) 

 
 
0.003 

Number of comorbidities  
 

0.98 (0.86-1.11) 0.69 1.01 (0.88-1.18) 0.84 

Seen healthcare provider in 
the past 1 year  
      No 
      Yes 

 
 
Reference 
1.10 (0.72-1.69) 

 
 
 
0.65 

 
 
 
0.68 (0.47-0.99) 

 
 
 
0.04 
 

Physical activity  
Sedentary (mostly sits, not 
walk much) 
Stands/walks but no 
carrying/lifting 
Lifts light load, climbs 
stairs often 
Heavy work 

 

 
Reference 
 
0.85 (0.61-1.18) 
 
0.86 (0.56-1.33) 
 
0.82 (0.32-2.14) 

 
 
 
0.32 
 
0.49 
 
0.68 

 
 
 
0.94 (0.70-1.27) 
 
0.98 (0.67-1.44) 
 
0.91 (0.57-1.44) 

 
 
 
0.68 
 
0.91 
 
0.67 



 54 

Table-6 continued 
Covariate Adjusted OR  

(95% CI)  
 

p-
value 

Adjusted OR 
(95% CI)  

p-
value 

 Females 
 

Males 

Mental health issues/seeing 
mental health provider  
      No 
      Yes 

 
 
Reference 
0.78 (0.46-1.32) 

 
 
 
0.34 

 
 
 
0.81 (0.51-1.26) 

 
 
 
0.34 
 

General Health  
      Excellent 
      Very good 
      Good 
      Fair 
      Poor 
 

 
Reference 
0.74 (0.51-1.06) 
0.71 (0.51-0.97) 
0.83 (0.52-1.32) 
0.77 (0.38-1.57) 

 
 
0.10 
0.03 
0.41 
0.46 

 
 
0.80 (0.58-1.09) 
0.77 (0.54-1.10) 
0.95 (0.65-1.40) 
1.02 (0.46-2.27) 

 
 
0.15 
0.15 
0.80 
0.97 

*Statistically significant figures are in bold and italics.  

Archer Lemeshow goodness of fit test for the overall model with the age and sex 

interaction term, p-value = 0.14 

4.4 Discussion 

This study highlights a large incongruence between self-reported and 

performance-based balance among community-dwelling adults, especially older adults. 

About 70% of the US population over the age of 40 years who had evidence of balance 

problems on RTSBFCSS reported not having any balance problems on the self-reported 

question. Assuming that the self-reported information serves as a proxy for individual’s 

awareness/perception of their balance problem, about 7 in 10 individuals who had 

performance-based balance deficits were unaware of their deficits. These incongruencies 

may be explained using the hierarchical model of aging by Ferrucci et al., which 

proposed that individuals tend to maintain functioning in daily life for many years despite 

the presence of phenotypic changes.99 The maintenance of daily life functions might be 
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impacting the self-reported balance information, while the performance-based test 

(RTSBFCSS) may be capturing the phenotypic changes. 

 

Figure 9: Marginsplot demonstrating the decreasing probability of congruency between 

the balance measures with advancing age and the effect of interaction between age and 

sex on the predicted probabilities of the outcome (n=4785). Error bars represent 95% 

confidence intervals. 

Among females, being older and having good (vs excellent) overall health were 

associated with incongruency between the self-report and performance-based measures of 

balance problems. Among males, being older, non-Hispanic Black, having less than high 

school education, not having health insurance, and having seen a healthcare provider in 
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the past year were associated with a reduced odds of congruency between the two balance 

measures. 

The importance and challenge of identifying individuals for fall prevention 

interventions have been previously discussed 16. The results of this study suggest that 

relying solely on self-reported information when screening for balance problems should 

not be the preferred approach in clinics or for research purposes. The CDC recommended 

use of self-reported information as the basis of the standard approach for fall risk 

screening, currently used by healthcare providers across the US, might be inadequate 

100,101 and can potentially leave out a large proportion of individuals who are unaware of 

their balance problems.  

A recent study exploring the differences in self-reported information and 

functional performance measures within 4 domains (vision, hearing, mobility, and 

memory) reported discordance between the self-reported information and performance 

measures for all domains, including mobility 102. A recent literature review reported that 

about two-thirds of hospitalized patients could not accurately identify their fall risk 103. 

Previous studies have also reported that an individual’s future fall risk is predicted by 

performance-based balance test irrespective of the patient’s reported fear of falling 104 

and physical activity level is more in accordance with their objective fall risk than their 

perceived risk105.  

 The congruency between self-reported information and performance-based 

balance measure (RTSBFCSS) reduces with age, with a larger observed reduction seen in 

men compared to women. Previous studies with relatively smaller sample sizes have 

indicated higher chances of inaccurate perception of fall risk in older adults.91,92 
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However, to the authors’ knowledge, this is the first study using nationally representative 

data from the US exploring the predictors of the congruency between self-reported 

information and performance-based balance measure (RTSBFCSS) in community-

dwelling adults and demonstrating the age-sex interaction for the same. The presence of 

effect modification of age by sex implies that there might be a need to tailor the screening 

interventions to each sex for a more effective approach, especially if using self-reported 

information to screen for balance issues.  

 This study also reports that the variables having significant association with the 

accuracy of self-reported balance information differ by sex. In females, only general 

health status was found to be a statistically significant predictor of the congruency 

between balance measures. Whereas in males, race, education, health insurance, and 

being seen by a healthcare provider were statistically significant predictors of the 

congruency between balance measures. Previous literature also indicates that the 

perceptions of fall risk differ by sex. In a qualitative study, Pohl et al. showed that older 

men and women have distinct perceptions and strategies related to fall risk and safety106. 

Women have been reported to be more aware of their fall risk, more willing to report 

falls, use assistive devices and engage in fall prevention interventions, than men. 68,106 

Men might underreport their fall risk due to societal expectations and attitudes towards 

masculinity.103,106 An increased state of frailty and impaired physical functioning with 

age has been reported to be higher in women compared to men.107 This might explain, in 

part, the association between overall health status and the congruency between balance 

measures in women, but not in men.  More research is needed to determine the reasons 
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for basic demographic factors such as race predicting the congruency between balance 

measures in males, not females.  

Though this study analyzed a nationally representative sample of 4939 

community-dwelling individuals, several limitations warrant recognition. The analysis 

relied on NHANES data from 2001-2004, which is almost two decades old. 

Unfortunately, the later cycles of NHANES data currently available, lack the comparable 

variables of interest. Future studies, looking at specific predictors of the congruency 

between balance measures and using more recent data are warranted.  

NHANES used RTSBFCSS test as the balance performance measure which has 

been reported to be a proven and standardized test for identifying balance problems85, but 

limited data is available about the reliability and validity of this test per se. Additionally, 

this test is a measure of static balance and does not provide any information about the 

dynamic balance or the individual’s ability to resist static loading or perturbations to 

balance. Reliance on self-reported information to determine self-awareness can introduce 

bias due to inaccuracies in the participant’s recall, personal perceptions, or the tendency 

to provide socially desirable responses.  

Given the exploratory nature of this study, multiple adjusted effect estimates have 

been reported so that the results can assist in the future hypothesis generation involving 

predictors of the accuracy of self-reported information for balance problems. However, 

this could impact the data reported in Table 2 (known as Table 2 fallacy) such that the 

odds ratios obtained for different covariates might be indicative of only the direct 

association of the covariate with the outcome and may not convey the total extent of the 

association. Unmeasured confounders such as psychological factors, cultural beliefs, or 
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stigma cannot be negated as well.  The development of a population-based model for the 

continuum of care for balance problems in the US can assist healthcare agencies and 

public health organizations across the US in identifying the issues and gaps in the 

screening and management of balance problems.  

4.5 Conclusion 

The study reports that about 7 in 10 adults (aged 40 years or more) with evidence 

of performance-based balance deficits are unaware of their condition. This underscores 

the challenge of relying solely on self-reported information regarding balance issues. 

Older age was a significant predictor of reduced congruency between self-reported and 

performance-based balance measures, and the observed decline with age was larger in 

men than women. These findings can help identify populations at higher risk of providing 

incongruent self-reported information about balance issues and guide the efforts toward 

developing interventions for more effective screening and timely management of balance 

disorders. 
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CHAPTER FIVE 

DISCUSSION 
 
 
 

This dissertation presents several novel findings regarding healthcare utilization 

for balance problems by community-dwelling adults in the US. The first study, a 

literature review guided by the Andersen Healthcare Utilization model, reported the 

potential factors associated with healthcare utilization for balance problems. Possible 

predisposing factors for healthcare utilization related to balance issues included age, sex, 

race/ethnicity, BMI, and comorbidities. Socioeconomic status, health insurance coverage, 

and access to primary care services were the enabling or disabling factors. Additionally, 

the severity of balance problems, perceived illness, and its impact on daily activities 

influenced the need for care. Knowledge about these potential factors provided the 

information essential for extracting the relevant variables needed to conduct the next 

study.  

The second study, a secondary analysis of the nationally representative data 

reports the factors associated with healthcare utilization for balance problems among 

community-dwelling adults, aged 40 years or more, with self-reported balance problems. 

Less than one-third of the US population with self-reported balance problems sought 

healthcare services for their balance issues. Age, health insurance coverage, seeing a 

healthcare provider in the past year, and falling were statistically significant predictors of 

healthcare utilization for balance problems. Of these factors, seeing a healthcare provider 

in the past year had the largest statistically significant influence on healthcare utilization, 

followed by the impact of health insurance coverage, age, and falls in the past year.  
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Although overall healthcare utilization has been reported to increase with age, 76 

most of it is driven by the increased use of healthcare services for chronic problems and 

surgical interventions.77 It has also been reported that older adults are less likely to seek  

preventive services, 77 which explains the decreasing healthcare utilization for balance 

problems with increasing age reported by this dissertation. Better access to primary care 

services has also been reported to improve the probability of participation in preventive 

interventions.78 There is abundant literature supporting the increased use of both 

preventive and clinical services with health insurance coverage.80-82 Multifactorial fall 

prevention interventions can reduce the risk of falls and related injuries.83,84 Educating 

individuals, especially older adults, about these interventions can be beneficial, even for 

individuals who have not experienced any fall(s) yet. The knowledge about the predictors 

of healthcare utilization for balance problems can help identify the vulnerable 

populations at higher risk of underutilization of healthcare services and call for efforts to 

improve access to healthcare for better management of balance problems.  

The third research study presented in this dissertation reported a lack of 

congruence between self-reported balance information and the results of performance-

based balance testing. About 7 in every 10 individuals, aged 40 years or more, who had 

evidence of balance problems on the performance-based balance testing, reported having 

no balance problems on the self-reported question. This study also demonstrated an age-

sex interaction for the congruency between self-reported and performance-based balance 

measures. The congruency between the balance measures reduced with age and a larger 

decline with age was observed in men compared to women. In women, older age and 

having good (as opposed to excellent) overall health had a statistically significant 



 62 

association with discrepancies between self-reported and performance-based measures of 

balance problems. In men, older age, identifying as non-Hispanic Black, having less than 

a high school education, lacking health insurance, and having visited a healthcare 

provider in the past year were associated with lower odds of congruency between the two 

balance measures. 

Given previous discussions in the literature on the importance and challenge of 

improving access to fall prevention interventions and management of balance problems,16 

the findings of this dissertation provide some novel and vital information. Relying solely 

on the self-reported information for screening of balance problems can potentially leave 

out about 70% of the population who demonstrate evidence of balance problems on 

performance-based testing but reported not having any balance issues. This finding is in 

agreement with previous literature which also discussed that the CDC-recommended use 

of only self-reported information as the first step of the fall risk screening algorithm can 

be inadequate.100,101 

The sex-related variations in the predictors of the congruency between the balance 

measures reported by this dissertation can be explained partly by the differences in the 

perceptions of fall risk among men and women.106 Better awareness of the fall risk, 

increased willingness to report falls, and enhanced engagement in the active management 

of balance problems have been reported in women compared to men.68,106 Previous 

literature also reports that men tend to underreport their fall risk due to attitudes toward 

masculinity and differences in the expectations of society for men compared to 

women.107 To summarize, the findings of the third study presented in this dissertation 

indicate that the sole reliance on self-reported information for balance screening can 
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potentially be inadequate. Results can also help identify populations more likely to have 

discrepancies between balance measures. 

Although the studies presented in this dissertation use nationally representative 

data on thousands of community-dwelling participants, some limitations warrant 

attention. Studies used the data from 2001-2004 data cycles. Unfortunately, the later 

cycles of data available lacked the variables of our interest. Future research can use our 

findings to explore recent data, as it becomes available. Reliance on self-reported 

information can also introduce bias related to recall and individual perceptions. In future, 

creating a population-based model for the continuum of care for balance problems can 

help healthcare agencies and public health organizations identify challenges and gaps in 

the screening and management of these issues. 
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CHAPTER SIX 

CONCLUSION AND FUTURE DIRECTIONS 
 

 
 

The studies elaborated in this Ph.D. dissertation present new information 

regarding healthcare utilization for balance problems in community-dwelling adults, aged 

40 years or more. About 7 in 10 adults with evidence of performance-based balance 

deficits are unaware of their condition. These findings can help identify the populations at 

risk of underutilizing healthcare services for balance problems. Results can also assist in 

identifying the populations at higher risk of providing incongruent self-reported 

information about balance issues. This information can be used to develop a population-

based model for the continuum of care for balance problems in the US (Figure 10).  

 

Figure 10: Outline for developing a population-based model for the continuum of care for 

balance problems in the United States 
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This population-based model will help identify the proportion of the population 

with balance problems at different stages. It begins with identifying individuals who have 

a physiological balance issue. The next stage focuses on determining the proportion of 

these individuals who are aware of their condition. It then examines the subset of 

individuals who seek help from the healthcare system. Finally, the model evaluates those 

who experience improvement as a result of utilizing healthcare services. Models such as 

the one described here have been successfully used for certain infectious diseases like 

HIV and Hepatitis C, but it has not been used for balance problems yet. This continuum 

of care model can assist healthcare agencies and public health organizations across the 

US to identify the issues and gaps in care and improve the management of balance 

problems. Ultimately, it can facilitate improvement in patient outcomes and reduce the 

burden of falls and fall-related injuries on the healthcare system. 

 To conclude, the research work presented in this dissertation advances our 

understanding of the factors associated with healthcare utilization for balance problems 

among the community dwelling adult population of the US. It also lays a foundation for 

future research and meaningful implementation of performance-based testing to improve 

the initial screening for balance problems. By helping with the identification of 

vulnerable populations, this work can also assist in improving the access to healthcare for 

timely management of balance problems. 
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APPENDICES 

APPENDIX A 

SUPPLEMENTAL MATERIAL 
 
 

 
Table 7: Table detailing the criterion used for coding different covariates 
 
Covariate Criterion  

Age Age at the time of screening interview (in 

years) 

Sex Biological sex  

Race Using the combined information about 

race and ethnicity. All Hispanic 

particpants were grouped as Mexican 

American/ Hispanics. Non- Hispanic 

participants were categorized, based on 

self-reported race as Non- Hispanic Black, 

Non- Hispanic White and Others (which 

included non- Hispanics Multiracials) 

Number of comorbidities Comorbidities included: Arthritis, 

Congestive Heart failure, Coronary Artery 

disease, Stroke, Cancer, Diabetes Mellitus 

Presence of mental health issues Proxy used: Seen mental health provider 

in the past year 
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Table-7 continued 

Covariate Criterion  

Health insurance Whether covered by health insurance or 

some other kind of health care plan, 

including health insurance obtained 

through employment or purchased directly 

as well as government programs like 

Medicare and Medicaid  

Seeing healthcare provider in the past year Seeing a doctor or other health care 

professional about one’s health at a 

doctor's office, a clinic, hospital 

emergency room, at home or some other 

place 

General Health Status Self-reported answer to the question: How 

would say you general health is? 

Physical Activity Average level of physical activity during 

the daily activities of a typical day 

(including work, housework, going to and 

attending classes etc.) 

Type of work Self-reported information about current 

job/business, specifically type of work 

done in the week preceding the interview 



 68 

Table-7 continued 

Covariate Criterion  

Annual Family income U.S. Bureau of the Census Current 

Population Survey definition of “family” 

was used to group household members 

into one or more families. Family was 

defined as: “a group of two people or 

more (one of whom is the householder) 

related by birth, marriage, or adoption and 

residing together” 

Education Highest grade or level of school 

completed or the highest degree 

Marital status Based on information obtained during 

NHANES household interview 

 
 

SUPPLEMENTAL METHODS  

RTSBFCSS Procedure Details 

The four RTSBFCSS conditions included standing with feet together with eyes 

open on firm surface (condition 1), eyes closed on firm surface (condition 2), eyes open 

on foam surface (condition 3) and eyes closed on foam surface (condition 4). The test 

duration was 15 seconds each for conditions 1 and 2, and 30 seconds each for conditions 

3 and 4. The test was terminated early if the individual failed a condition. The failure was 

defined as movement of the participant’s feet or arms from the test starting position, 
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opening of eyes during conditions 2 and 4, or any intervention needed from the 

examining staff to stop the participant from falling. It was noted for each test condition 

whether the participant passed the test or not. Each participant was offered one additional 

trial if they did not pass the first trial. 
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