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Abstract

Objectives: We aimed to 1) assess body composition using a portable technology, bioelectrical 

impedance analysis, (BIA) and 2) examine the associations between body composition and the 

discrepancy of fear of falling (FOF) and balance performance.

Methods: A cross-sectional study included 121 older adults 60 years and older, 78% were 

female, 41% lived alone, and 71% had no history of falls. The discrepancy between fear of falling 

and balance performance was categorized into four groups. We found 47% rational (low FOF 

and normal balance), 19% incongruent (low FOF despite poor balance), 18% irrational (high FOF 

despite normal balance), and 16% congruent (high FOF and poor balance).

Results: Body Fat Mass (BFM), Percent Body Fat (PBF), and Body Mass Index (BMI) were 

correlated with fear of falling and balance performance. BMI was significantly different in the 

rational group (p = 0.004) and incongruent group (p = 0.02) compared to the congruent group. 

PBF was significantly different between the incongruent (p = 0.002), irrational (p = 0.014), and 

rational (p < 0.001) groups, compared to the congruent group.

Conclusions: The study found that body BFM, PBF, and BMI were correlated with fear of 

falling and balance impairment. High Body Mass Index and Body Fat Mass were associated with 
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a discrepancy between FOF and balance. Body composition analysis devices, such as BIA and 

other portable technologies, could be taken to underserved communities and may help identify 

community-dwelling older adults who are frail and may be at high risk of falling.
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1. Introduction

Body composition is a frailty biomarker and has been associated with chronic diseases and 

mortality in community dwelling-older adults [1]. Body composition and balance deficit are 

risk factors for falls, especially in males with low body mass and females with high total fat 

mass [2]. In addition, body fat percentage and balance performance are critical predictors 

of fear of falling (FOF) [3]. Older adults with high FOF have an increase in functional 

decline and falling [4]. A recent systematic review with ten cross-sectional and longitudinal 

studies indicated that FOF increases the risk of frailty in community-dwelling older adults 

[5]. The discrepancy between FOF levels and balance performance may lead to decreased 

daily activities, mobility and muscle weakness [6,7]. Furthermore, older adults with high 

FOF but normal balance tend to restrict their daily physical activities because of fear and 

are more likely to increase their sedentary time. Increased sedentary behavior and limited 

physical activity in community-dwelling older adults can increase body fat and muscle loss 

[8].

About 38% of people aged 60 years and over are obese [9] and obesity is related to frailty 

[10]. Obese and frail older adults exhibited a significantly increased mortality rate [11]. 

Older persons with obesity had a 31% higher risk of falls than healthy-weight older adults 

[12]. There is minimal evidence related to the classification of obesity according to body 

fat percentage [13] and body fat distribution measurements [14]. The most common body 

composition methods include weight, skinfold, and abdominal circumference assessments. 

These methods seem potentially intrusive and may not be as accurate in obese populations. 

Although body mass index (BMI) and frailty are used to predict mortality in community-

dwelling older adults, a systematic review indicated that BMI was not the most appropriate 

predictor of morbidity and mortality in older adults due to its inability to discern or detect 

age-related body fat redistribution [14]. BMI does not differentiate between fat mass and 

lean body mass or the distribution of fat tissue [15]. In addition, the optimal BMI range for 

the lowest mortality in the elderly was overweight (25 kg/m2 ≤ BMI <30 kg/m2) or mildly 

obese (30 kg/m2 ≤ BMI <35 kg/m2) [14].

Using a portable technology-based body composition assessment can serve as a 

straightforward, low-cost solution and increase accessibility in measuring specific body 

composition components among community-dwelling older adults at their residential homes. 

Although dual-energy x-ray absorptiometry (DXA) is considered the preferred method for 

assessing body composition in older populations, it is expensive and not widely available 

[16]. Therefore, additional research utilizing a reliable portable device for determining body 
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composition is needed. Also, the association between body composition and the discrepancy 

between FOF and balance performance has not been examined. We aimed to 1) assess body 

composition using a portable technology, Bioelectrical Impedance Analysis (BIA), and 2) 

examine the associations between body composition [(Body Fat Mass (BFM), Percent Body 

Fat (PBF), and Body Mass Index (BMI)] and the discrepancy between FOF and balance 

performance. We hypothesized that high BMI and Body Fat Mass were associated with 

incongruent (low FOF despite poor balance), irrational (high FOF despite normal balance), 

and congruent (high FOF and poor balance).

2. Material and methods

2.1. Study type

A cross-sectional research design was used, and the Institutional Review Board granted 

ethical approval at the University of Central Florida. (Protocol No. XXX; September 10, 

2020).

2.2. Study population, sample size and recruitment

2.2.1. Study population—Participants were enrolled if they were ≥60 years of age 

and had no marked cognitive impairment (Memory Impairment Screen, score ≥5 [17–19]). 

They were excluded if they had a medical condition precluding balance test (e.g., unable 

to stand on the balance plate) and/or medical implants (e.g., pacemakers). A total of 124 

community-dwelling older adults in Orlando, Florida, were screened, and 121 participants 

qualified. Three were excluded because they had pacemakers and/or could not stand on the 

balance plate.

2.2.2. Sample size—We used convenience sampling, and the sample size was estimated 

using the balance variable of BTrackS Balance test score from our pilot study. The standard 

deviations of the mean BTrackS Balance test scores were 7.91 in the high-active group, and 

7.78 in the low-active group, and a total sample of 120 was estimated as necessary for this 

study.

2.2.3. Recruitment—Older adults were recruited from their homes by local newsletters 

and word of mouth. Flyers were posted at senior centers, and researchers participated in 

community activities for face-to-face recruitment. The researchers maintained a log that 

tracks screening, eligibility, contact, and recruitment.

2.3. Study parameters

2.3.1. Body composition—Body composition determination was conducted using a 

direct segmental multifrequency bioelectrical impedance analysis (BIA) InBodys10 device 

[20]. The BIA is manufactured by Biospace Corporation Limited, Naples, FL. The BIA 

InBody S10 measures impedance at six different frequencies (1, 5, 50, 250, 500, 1000 kHz) 

for each body segment (right arm, left arm, trunk, right leg, left leg). The spectrum of 

electrical frequencies is used in the manufacturer’s equation to estimate fat mass, muscle 

mass, and body water levels. The reliability of the test-retest of the BIA was high, with an 

ICC of 0.89 [21].
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2.3.2. Fear of falling—Fear of falling was assessed using a short Fall-Efficacy Scale 

International (FES-I). The short FES-I is a 7-item self-report Likert-type questionnaire with 

a four-point Likert scale that provides information on the level of concern about falls for a 

range of activities of daily living such as getting dressed or taking a bath [22,23]. Scores 

range from 7 to 28; 7–10 indicate low concern about falling, while scores 11–28 indicate 

high concern [23]. The short FES-I has been validated in community-dwelling older adults 

[22] with good validity, reliability, and responsiveness [25].

2.3.3. Balance performance—Balance performance was measured using the BTrackS 

balance system. The BTrackS consists of a portable BTrackS balance plate, a foam pad and 

a balance software installed on a computer with Windows 7 or higher. The portable BTrackS 

balance plate is an approved medical force plate used to measure balance performance 

[26,27]. The BTrackS balance system was used to assess static balance and has good validity 

using Pearson correlations (r > 0.90) and excellent test-retest reliability using intraclass 

correlation co-efficients (0.83) [28]. The BTrackS balance scores range from 1 to 100. 

Scores 0–30 indicate low physiological fall risk [29]. The scores were interpreted based on 

age and sex but not body size, so the percentile rankings were determined between various 

age groups and for men and women separately [30].

2.3.4. Data collection—The first author and the trained research assistant met with the 

participants and gave information about the study objectives and the data collection process. 

After obtaining formal consent from participants, they were asked to complete a survey 

that included demographic information, a history of falls and fear of falling. Following 

the survey, the participants were instructed to perform the BTrackS Balance Test and body 

composition test. Participants were asked to sit for 10–15 min before the tests, empty their 

bladders and remove shoes and metal objects (e.g., jewelry). They were instructed to stand 

as still as possible on the BTrackS balance plate with hands on hips and eyes closed for 

about 1–2 min [30]. The researcher let the participants know that he/she stayed behind the 

participants to ensure they did not fall while testing.

For the body composition testing, the researcher placed touch-type electrodes on their left 

and right ankles, middle fingers, and thumbs during sitting. They held this position for 1 

min as the BIA device conducted a minute electrical current through their body to determine 

body composition. The researcher then removed the touch-type electrodes from their left and 

right ankles, middle fingers, and thumbs. No risks or discomforts were associated with using 

bioelectrical impedance analysis. The total time spent giving instructions and completing the 

tests was 10–15 min per participant [31].

2.3.5. Statistics—Data were analyzed using the statistical software R (version 4.1.0). 

The significance level α = 0.05. Multinomial logistic regression examined the associations 

between body composition and a discrepancy between FOF and balance performance. The 

discrepancy between FOF and balance performance or fall risk appraisal was classified into 

four quadrants and treated as the dependent variables in the analysis. The congruent category 

was used as a reference group [6].
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a. Congruent: high FOF (short FES-I score >10) and poor balance (BBS score = 

31–100).

b. Rational: low FOF [Short Fall Efficacy Scale International (short FES-I) score 

≤10] and aligned with normal balance (BBS score = 0–30).

c. Incongruent: low FOF (short FES-1 score ≤10) despite poor balance (BBS score 

= 31–100).

d. Irrational: high FOF (short FES-I score >10), whereas normal balance (BBS 

score = 0–30).

The multinomial logistic regression reports the odds of being in the different categories 

of the congruent group. The relative risk ratios reflect the relationship between the 

discrepancies and selected predictors.

3. Results

We evaluated 121 older adults 60 years and older (Mean ± SD, 75 ± 7); 78% were female, 

41% lived alone and 71% had no history of falls. The discrepancy between fear of falling 

and balance performance was categorized into four groups. We found 47% rational (low 

FOF and normal balance), 19% incongruent (low FOF despite poor balance), 18% irrational 

(high FOF despite normal balance), and 16% congruent (high FOF and poor balance) (Table 

1).

Fig. 1 presents the correlation between Body Fat Mass (BFM), Percent Body Fat (PBF), 

Body Mass Index (BMI), fear of falling and balance performance (see Fig. 2).

BMI was significantly different in the rational group (p = 0.004) and the incongruent group 

(p = 0.02) compared to the congruent group.

PBF was significantly different between the incongruent (p = 0.002), irrational (p = 0.014), 

and rational (p < 0.00) groups compared to the congruent group.

Table 2 presents the results from a multinomial logistic regression that age and body 

composition variables, including Body Fat Mass (BFM), Percent Body Fat (PBF), Body 

Mass Index (BMI), Whole Body Phase Angle, Skeletal Muscle Mass (SMM), and Skeletal 

Muscle Index (SMI), were associated with the incongruent, irrational and rational groups.

4. Discussion

The findings of this study contribute to the existing body of knowledge on the use of 

portable technology-based body composition assessments for the community-dwelling older 

adults. The portable technology was an easy-of-use and useable alternative to the more 

expensive approach. However, the measurement of body composition can be influenced by 

several variables such as hydration status and prior physical activity. So, measures of body 

composition should be performed in the morning or at the same time of day. It is essential 

to ensure older adults are well hydrated and their body composition measurements are taken 

regularly and frequently (weekly or monthly) to observe any change or trends over time.
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Body Fat Mass (BFM), Percent Body Fat (PBF), and Body Mass Index (BMI) were 

correlated with fear of falling and balance performance. However, all the correlation values 

obtained were weak due to the small sample size and the majority of the population chosen 

were healthy. A cross-sectional study (n = 251) in Turkey found a relationship between 

BMI, loss of balance, and poor posture, indicating that obesity causes loss of balance [32]. 

A cross-sectional study (n = 200) in Brazil found that obesity is associated with postural 

balance on an unstable surface but not with FOF in older adults [33]. However, a pilot 

study (n = 30) in India found that overweight individuals have more FOF than individuals 

with normal BMI. Functional mobility decreased in overweight individuals more than in 

individuals with normal BMI [34]. Furthermore, obese women have a high restriction in 

activity due to FOF and have low confidence in daily activities (p < 0.05) [32,35]. Frail older 

adults have a higher fat percentage and lower muscle mass [36].

BMI and PBF were significantly different in the rational and incongruent groups compared 

to the congruent groups. PBF also differed significantly between the irrational and 

congruent groups. Since this is the first study that we are aware of that examined the 

relationship between body composition measures and the disparity between FOF and 

balance performance, we do not have the previous literature to discuss on this finding. Our 

findings indicated that it is essential to identify those who are not at a high risk of falling 

but have a high FOF as it diminishes their mobility. Also, it is necessary to identify those 

who are not fearful because they have a greater risk of falling, as it decreases their fall risk 

awareness and makes them more likely to have injurious falls.

Obesity was associated with a higher prevalence of falls in middle-aged and older adults 

[36]. A previous study indicated that all adiposity measures were positively associated 

with an increased risk of falls [16]. A previous study demonstrated that older adults with 

congruent (high FOF and poor balance), incongruent (low FOF despite poor balance), and 

irrational (high FOF despite normal balance) tend to have more falls than older adults with 

rational (low FOF and normal balance) [6]. Also, older adults in the congruent category had 

poor balance and experienced multiple falls that may cause high FOF [6]. Older adults with 

high FOF have a higher risk for falls, and chronic FOF is associated with an increased risk 

of functional decline [4]. Older adults in the congruent group were more likely to report a 

history of falls, similar to the cohort study in which 41% of older adults in the congruent 

group fell [24].

The novelty of our findings and objective measurements of body composition and balance 

performance are key strengths of this study. However, our limitations include: 1) the 

selection of participants was not random; 2) the cross-sectional research design limited 

the ability to draw causal-effect inferences, and 3) the majority of the study sample was 

composed of non-Hispanic white and functionally independent, which may reduce the 

applicability of the findings to other racial/ethnic groups and frail older populations.

5. Conclusion

This is the first study to examine the relationship between portable technology-based body 

composition assessment and the disparity between FOF and balance performance. This 
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study indicated that BFM, PBF and BMI were correlated with FOF and poor balance. In 

addition, BMI and BFM were associated with a discrepancy between FOF and balance. 

Using portable technology such as BIA to assess body composition may allow older adults 

in underserved communities who are frail and have a high risk of falling to be reached on 

a larger scale. It is essential to identify those who are not at a high fall risk but have an 

increased fear of falling as it diminishes their mobility. Also, it is crucial to identify those 

who are not fearful because they have a greater risk of falling, as it decreases their fall risk 

awareness and makes them more likely to have injurious falls.

Additional cohort studies are required to investigate the interrelationships of specific 

components of body composition including BFM, PBF, and BMI, in predicting chronic FOF 

and future falls. Furthermore, future research should investigate the mechanisms underlying 

the disparity between FOF levels and balance performance in older adults.
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Fig. 1. 
The correlation matrix (Pearson correlation) of the body composition measures, fear of 

falling and balance performance. The insignificant correlation coefficients are left blank.
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Fig. 2. 
Body Mass Index and Fall Risk Appraisal Categorization

Note: For all the boxplots, the dash line indicates the overall average of the variable across 

all four groups. The pairwise t-test p-value is reported in the boxplot with congruent group 

as the reference.
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Fig. 3. 
Body Fat and Fall Risk Appraisal Categorization

Note: For all the boxplots, the dash line indicates the overall average of the variable across 

all four groups. The pairwise t-test p-value is reported in the boxplot with congruent group 

as the reference.
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Table 1

Description of the sociodemographic characteristics (N = 121).

Variable Levels Number (%)

Gender Female 94 (78%)

Male 27 (22%)

Age 60–69 31 (27%)

70–79 61 (53%)

>80 29 (20%)

Race Asian 4 (3%)

African American 9 (7%)

Hispanic 21 (17%)

Non-Hispanic white 87 (72%)

Education Primary or middle school 2 (2%)

High school 33 (27%)

College or higher 86 (71%)

General Health Excellent 20 (17%)

Very good 45 (37%)

Good 50 (41%)

Fair 5 (4%)

Poor 1 (1%)

Living with Alone 50 (41%)

Partner or spouse 55 (45%)

Family or friend 6 (5%)

Other 10 (8%)

History of falls None 86 (71%)

One 19 (16%)

Two 8 (7%)

More than two 6 (5%)

Number of injurious falls (p = 0.50) 0 109 (91%)

1 9 (7%)

2 1 (1%)

>2 1 (1%)

Age Mean (SD) 75 (7)

Median (IQR) 74 (69–79)

Range (Min-Max) 60–96

BTrackS balance test score Mean (SD) 31 (18)

Median (IQR) 27 (20–36)

Range (Min-Max) 10.5–111

Short FES-I score Mean (SD) 10 (4)

Median (IQR) 9 (7–12)

Range (Min-Max) 7–25
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