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As the number of community-dwelling older adults 
continues to increase and falls presentations become more 
common in clinical practice, there is a pressing need for 
strategies to assess risk and implement evidence-based 
interventions1. However, advancing chronological age 
(CA) does not always reflect unhealthy ageing; instead, 
an individual’s biological age is more influenced by 
factors such as metabolism, morbidities2, frailty, and body 
composition3.

In the falls clinic, alongside the evaluation of factors 
such as comorbidities, frailty, and functionality, assessing 
body composition could be important because muscle 
mass, fat distribution, and sarcopenia can influence 
balance, strength, and overall falls risk1,4. Bioelectrical 
impedance analysis (BIA) is a non-invasive method used 
in some clinical and research settings to estimate body 
composition and also readily provides a BIA-based estimate 
of an individual’s metabolic age (MA)5. BIA-estimated MA 
has been associated with factors such as: waist-to-height 

ratio6; physical activity, adherence to the Mediterranean 
diet, and socioeconomic class7. However, the clinical 
significance of this MA estimate remains poorly understood 
in the falls clinic and it is not clear if it should be used for 
patient feedback in clinical practice.

To address this gap, this study investigated the clinical 
associations of BIA-estimated MA in older attendees of a 
falls clinic. Specifically, it examined differences between 
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Bioelectrical impedance analysis (BIA) is a non-invasive method used to assess body composition and estimate 
metabolic age (MA). However, the clinical significance of BIA-estimated MA remains poorly understood. We explored 
the associations of MA with chronological age (CA), multimorbidity, and physical frailty (PF) in falls clinic attendees. 
Participants aged ≥50 years were assessed for multimorbidity using the Cumulative Illness Rating Scale-Geriatric, 
PF using the SHARE Frailty Instrument for Primary Care, and underwent BIA. Among 107 participants (mean age 
69.8 years, 57% women), MA showed a moderate correlation with CA (r=0.62, p<0.001). On bivariate analysis, 
participants with MA>CA were younger, had higher multimorbidity, and were frailer compared to those with MA<CA. 
Multivariate linear regression analyses revealed that MA was independently associated with CA and BIA-estimated 
fat mass in both sexes, BIA-estimated muscle mass in men, and PF in women, but not with multimorbidity. BIA-
estimated MA mostly reflects CA and BIA’s own body composition estimates, but was significantly associated with 
PF in women. Research should externally validate this finding and investigate the responsiveness of BIA-estimated 
MA to interventions.
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individuals with MA greater than CA (MA>CA) and those 
with MA less than CA (MA<CA), as well as the independent 
sex-specific associations of MA with CA, BIA-estimated 
body composition (muscle and fat mass), multimorbidity, 
and physical frailty (PF). 

Adults aged ≥50 years were prospectively recruited from 
January to November 2022 at the Falls and Syncope Unit 
(FASU) at St. James’s Hospital, Dublin, Ireland. The clinical 
research environment has been detailed elsewhere8,9. 
Inclusion criteria required participants to provide written 
informed consent, mobilise independently (with or without 
aid), and transfer with minimal assistance from lying to 
standing. Exclusion criteria included contraindications to 
BIA, such as having an indwelling electronic device (e.g., 
cardiac pacemaker).

BIA was conducted using the TANITA DC-430 MAP 
Body Composition Analyser (Tanita Europe, Amsterdam, 
The Netherlands), measuring weight (kg), muscle mass 
(kg), fat mass (kg), and MA. Additional patient data included 
CA (years), sex, self-reported alcohol consumption (units 
per week), and smoking status (current, former, or never). 
Height, measured to the nearest 0.01m with footwear, 
used a Seca 222 Stadiometer (Seca Ltd., Birmingham, UK). 
Body mass index (kg/m2) was calculated. Multimorbidity 
was evaluated with the Cumulative Illness Rating Scale-
Geriatric (CIRS-G)10, a tool that evaluates severity of 
disease across 14 organ systems, scoring each from 0 

(no problem) to 4 (severe problem), with higher scores 
indicating higher severity (maximum 56 points). PF was 
measured with the continuous score from the SHARE 
Frailty Instrument for Primary Care11, which is based on 
self-reported exhaustion, reduced appetite, walking/stair 
difficulties, low physical activity, and grip strength. We also 
recorded the number of falls reported over the past year.

Statistical analyses were conducted using IBM SPSS 
Statistics version 27 (IBM Corp., Armonk, NY). Descriptive 
statistics were displayed as mean and standard deviation 
(SD) for normally distributed continuous variables, and 
median and interquartile range (IQR) for non-normally 
distributed variables. Normality was evaluated using the 
Kolmogorov-Smirnov test. Categorical variables were 
shown as counts and percentages (%). A scatter plot 
depicted the relationship between CA and MA. Pearson’s 
coefficient assessed the correlation between normally 
distributed variables.

The sample was divided into three groups: MA<CA, 
MA=CA, and MA>CA. The independent samples t-test 
compared normally distributed variables between MA<CA 
and MA>CA groups, while the 2-sided Mann-Whitney U test 
compared non-normally distributed variables. Categorical 
variables were compared using the Chi-squared test or 
Fisher’s exact test.

Multivariate linear regression analyses were conducted 
separately for men and women to identify predictors of MA 

Figure 1. Scatter plot between chronological age (X axis) and metabolic age (Y axis), n = 107.
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as a continuous variable. In the initial models, independent 
variables included CA, BIA-estimated muscle mass, BIA-
estimated fat mass, and CIRS-G score, with additional 
models built replacing the CIRS-G score with the SHARE-FI 
score. Additionally, sex-specific models were computed to 
predict MA solely based on CA, CIRS-G score, and SHARE-
FI score. Unstandardised B regression coefficients, 95% 
confidence intervals (CI), and p-values were reported 
for each independent variable. Multicollinearity was 
assessed using variance inflation factors (VIF), with values 
exceeding 4 indicating major collinearity issues. Statistical 

significance was defined as p<0.05.
A total of 107 patients were included, with a mean age 

of 69.8 years (SD 10.4), ranging from 50 to 93 years. 
The mean BIA-estimated MA was 64.5 years (SD 14.7), 
ranging from 36 to 90 years. The sample consisted of 
57% women.

The Pearson correlation coefficient between CA and 
MA was 0.62 (p<0.001). A scatter plot depicting this 
relationship is shown in Figure 1.

Two participants had MA=CA, while 29 had MA>CA 
and 76 had MA<CA. Table 1 compares the characteristics 

MA < CA MA > CA

p nn=76 n=29

71.0% 27.1%

Mean age, years (SD) 71.2 (10.3) 66.4 (9.7) 0.032 105

Female sex (%) 63.2 44.8 0.089 105

Median BMI, kg/m2 (IQR) 24.8 (4.1) 29.1 (6.0) <0.001 105

Mean muscle mass, kg (SD) 45.1 (9.7) 54.0 (8.9) <0.001 105

Median fat mass, kg (SD) 20.6 (8.6) 31.3 (13.3) <0.001 105

Median CIRS-G score (IQR) 5.0 (6.0) 8.0 (4.0) 0.002 105

Median SHARE-FI score (IQR) 0.2 (2.0) 1.0 (3.1) 0.022 105

Median alcohol intake, units/week (IQR) 0.0 (8.0) 6.0 (16.0) 0.763 105

Current smoker (%) 8.0 17.2 0.176 104

Median number of falls in the past year (IQR) 1 (1) 1 (2) 0.168 105

Table 1. Comparison between MA < CA (metabolic age lower than chronological age) and MA > CA (metabolic age greater than chronological 
age) groups. SD: standard deviation; IQR: interquartile range; BMI: body mass index; CIRS-G: cumulative illness rating scale-geriatric; SHARE-FI: 
Survey of Health, Ageing and Retirement in Europe Frailty Instrument.

B 95% CI lower 
bound

95% CI upper 
bound p VIF

Men

CA 0.39 0.27 0.50 <0.001 1.91

Muscle mass -1.01 -1.22 -0.81 <0.001 3.05

Fat mass 1.94 1.72 2.16 <0.001 2.46

CIRS-G 0.05 -0.29 0.38 0.785 1.40

Women

CA 0.75 0.59 0.90 <0.001 1.47

Muscle mass -0.23 -0.53 0.08 0.148 3.02

Fat mass 1.01 0.82 1.20 <0.001 2.69

CIRS-G 0.002 -0.37 0.37 0.990 1.39

Table 2. Results of the linear regression by sex predicting MA on the basis of chronological age (CA), muscle mass, fat mass, and multimorbidity 
score (CIRS-G). CI: confidence interval; VIF: variance inflation factor. The adjusted R-squared values for the regression models were 0.85 for 
women and 0.95 for men.
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of the MA<CA and MA>CA groups. Participants in the 
MA>CA group were chronologically younger (66.4 vs. 71.2 
years, p=0.032), had a higher BMI (29.1 vs. 24.8 kg/m2, 
p<0.001), a greater burden of multimorbidity (median 
CIRS-G score: 8 vs. 5, p=0.002), and were frailer (median 
SHARE-FI score: 1.0 vs. 0.2, p=0.022). Significant 
differences were also observed in BIA-estimated body 
composition, with higher fat mass and muscle mass in 
the MA>CA group (p<0.001). Although the MA>CA group 
included a higher proportion of men, this difference was not 
statistically significant. Similarly, there were no significant 
differences in smoking status, alcohol intake, or the number 
of falls reported in the past year between the two groups.

The initial multivariate linear regression analyses 
stratified by sex (61 women and 46 men) are summarized 
in Tables 2 and 3. All variance inflation factor (VIF) values 
were below 4, but some were close to or slightly above 
3. These findings suggested that MA was independently 

associated with CA and fat mass in both sexes, as well as 
with muscle mass in men. Additionally, the SHARE-FI score 
was independently associated with MA in women but not in 
men. No significant association was observed between MA 
and the CIRS-G score in either sex. As shown in Table 4, 
when BIA-estimated muscle and fat mass were not included 
in the models to avoid multicollinearity, in men, CA was the 
only significant predictor of MA. In women, both CA and 
physical frailty significantly predicted MA. These models 
had lower VIFs than the previous models, and their adjusted 
R2 values were more modest.

To discuss the findings, at first glance in the bivariate 
analysis (Table 1), participants with MA>CA were 
chronologically younger than those with MA<CA. This 
suggests that, despite being chronologically younger, BIA 
estimated their metabolism to function as if they were 
older. These MA>CA participants appeared to have higher 
multimorbidity and frailty. This would align with previous 

B
95% CI lower 

bound
95% CI upper 

bound
p VIF

Men

CA 0.39 0.27 0.51 <0.001 1.85

Muscle mass -1.03 -1.23 -0.82 <0.001 2.93

Fat mass 1.95 1.74 2.16 <0.001 2.25

SHARE-FI -0.04 -0.78 0.71 0.919 1.12

Women

CA 0.77 0.62 0.91 <0.001 1.49

Muscle mass -0.10 -0.38 0.19 0.507 2.96

Fat mass 0.92 0.75 1.08 <0.001 2.39

SHARE-FI 1.14 0.31 1.97 0.008 1.20

Table 3. Results of the linear regression by sex predicting MA on the basis of chronological age (CA), muscle mass, fat mass, and physical frailty 
score (SHARE-FI). CI: confidence interval; VIF: variance inflation factor. The adjusted R-squared values for the regression models were 0.87 for 
women and 0.95 for men.

B
95% CI lower 

bound
95% CI upper 

bound
p VIF

Men

CA 0.76 0.48 1.05 <0.001 1.30

SHARE-FI -1.00 -3.58 1.60 0.441 1.54

CIRS-G 1.09 -0.03 2.21 0.056 1.81

Women

CA 0.58 0.32 0.84 <0.001 1.03

SHARE-FI 1.95 0.14 3.76 0.035 1.22

CIRS-G 0.72 -0.01 1.43 0.051 1.25

Table 4. Results of the linear regression by sex predicting MA on the basis of chronological age (CA), physical frailty score (SHARE-FI), and 
multimorbidity score (CIRS-G). CI: confidence interval; VIF: variance inflation factor. The adjusted R-squared values for the regression models 
were for 0.38 women and 0.53 for men.
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research suggesting that MA can predict future metabolic 
syndrome12 and worsening frailty status13. However, the loss 
of this association in multiple regression analyses suggests 
that the relationship between MA and multimorbidity may 
not be of great clinical significance. Instead, BIA-estimated 
MA appeared to primarily reflect CA and, most notably, its 
own measurements of body composition. Illustrating this, in 
the initial linear regression models for men, each additional 
year of CA was associated with a 0.4-year increase in MA, 
while each kilogram of muscle mass was associated with 
a 1-year decrease in MA, and each kilogram of fat mass 
was associated with a 2-year increase in MA. In women, the 
SHARE-FI score ranges from approximately -4 (robust) to 6 
(frail) (9), with each 1-unit increase in frailty independently 
linked to a 1-year increase in MA. 

The association between muscle mass and MA in 
women was not significant. However, according to BIA, 
muscle mass includes not only muscle tissue, but also all 
other non-fat and non-bone components of the body, such 
as body water14, which can be subject to sex differences. 
Furthermore, the SHARE-FI score incorporates a measure 
of maximum handgrip strength, which is related to muscle 
mass and may provide a more nuanced assessment of 
muscle status in women. The additional multivariate 
regression analyses, excluding BIA-estimated muscle and 
fat mass, suggested that CA is a consistent predictor of 
MA across both sexes and reinforced the independent 
association of PF (SHARE-FI) with MA in women but not 
in men. Multimorbidity (CIRS-G) showed no statistically 
significant associations in this small sample, although in 
both sexes the associations were close to significance.

Based on our findings, if used for patient feedback, BIA-
estimated MA should be interpreted as mostly reflecting 
CA, BIA-estimated fat mass in both sexes, BIA-estimated 
muscle mass in men, and PF in women, rather than as an 
indicator of multimorbidity. The association between BIA-
estimated MA and PF in women but not in men may reflect 
sex-specific differences in body composition, muscle mass 
distribution, or the impact of adiposity on PF risk. However, 
further research is needed to externally validate this finding 
and enable the informed use of this parameter in clinical 
practice. For instance, future studies should explore how 
physical activity and weight management interventions 
might influence MA over time. Evidence suggests that in 
men, moderately vigorous physical activity can reduce 
adiposity and improve metabolic health15. Additionally, 
physical activity interventions totalling three or more 
hours per week, including balance and functional exercises, 
have demonstrated a 42% reduction in falls compared 
to controls16. Although limited, the existing literature on 
BIA-estimated MA supports its relevance; one study found 
that higher levels of physical activity were associated with 
improved BIA phase angle at one-year follow-up, in a linear 
dose-response manner17. 

Limitations of our study include its cross-sectional 

design, which means causality cannot be established and 
the relatively small sample size, which may have led to 
underpowering, as indicated by Table 1, where potentially 
clinically significant differences in sex, alcohol intake and 
smoking status did not achieve statistical significance. 
The linear regression analyses were stratified by sex, and 
since the sample size for men was n = 46, following the 
rule of thumb of at least 10 observations per independent 
variable, CIRS-G and SHARE-FI were entered in two separate 
but otherwise equal models to ensure comparability of 
results between men and women. However, with a larger 
sample size, simultaneous inclusion could have been 
considered. Even in Table 4, including CIRS-G and SHARE-
FI simultaneously, the non-significant association between 
MA and multimorbidity may be due to limited statistical 
power in this small sample, as well as its heterogeneous 
nature as global measure of multimorbidity. Additionally, 
the sample was drawn from a falls clinic, which may impact 
the generalisability of the findings and possibly explains the 
lack of differences in falls history between the groups in 
Table 1. The validity and reliability data specifically for the 
TANITA DC-430 MAP device are not published, which limits 
the interpretability of its MA estimate. Even though muscle 
and fat mass were also estimated by the device, the objective 
of the initial regression models, while acknowledging this 
circularity, was to gain insight into the relative relevance of 
the internal BIA muscle and fat measurements in men and 
women for calculating the MA estimate, while controlling 
for non-BIA-measured multimorbidity and PF. Since the MA 
algorithm is proprietary, our results may offer researchers 
indirect insights into how MA is derived when using this 
Tanita device.

In conclusion, BIA-estimated MA reflects CA, BIA-
estimated fat mass in both sexes, BIA-estimated muscle 
mass in men, and PF in women, rather than multimorbidity. 
While BIA-estimated MA shows potential as a clinical 
marker, further research involving larger, more diverse 
populations and longitudinal interventional studies is 
necessary to validate its clinical use (e.g., for patient 
feedback) and evaluate the impact of interventions on MA 
over time.
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