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Abstract

Background Loss of skeletal muscle mass (SMM) increases the risk of frailty and, together with excess fat mass (FM), is a risk
factor for cardio-metabolic disease. However, use of body composition measurements in nutritional surveillance and routine
clinical practice is limited by the lack of reference data. Our aim was to produce age-specific and sex-specific reference values
for SMM and FM in the White ethnic adult population in the UK. Secondary objectives were to examine the tracking over time
using a subsample of the population with repeated measures of body composition and to assess the validity of these reference
values in different ethnic subgroups.
Methods We used data from segmental bioelectrical impedance analysis (BIA) in 390 565 participants, aged 40–69 years, in
the UK Biobank, and data from dual-energy X-ray absorptiometry from n = 905 participants to validate the BIA measurements.
SMM was calculated as the sum of the predicted muscle mass from the limbs. The LMS method was used to produce percen-
tile curves for the SMM index (SMMI = SMM/height2) and the FM index (FMI = FM/height2). We investigated the validity of the
White ethnic reference values by plotting z-scores (99.7% confidence interval) from Black and Asian groups to check if their
confidence interval included zero. Longitudinal trajectories were predicted based on the baseline z-scores and the correlation
between repeated measurements at follow-up.
Results The percentile curves show that SMMI declines in men from the age of 40, whereas in women, SMMI is more stable
and decreases only slightly among women in the higher percentiles. FMI increases with age in both men and women. Women
have higher FMI and lower SMMI than men in all age groups. The validity of the White-based reference values for non-White
ethnic groups is poor. Longitudinal trajectories in body composition in the subsample of participants with a follow-up assess-
ment show regression towards the mean in both men and women, with some evidence of declining SMMI only among men.
The predicted 90% limits for the expected 5 year trajectories of SMMI and FMI can be used to identify people with unusual
trajectories and in clinical practice to identify and track individuals at risk of excessive loss of SMM.
Conclusions These body composition reference values developed from BIA in a middle/older-aged healthy White ethnic pop-
ulation in the UK could be used as a simple assessment tool for nutritional surveillance and to identify individuals with low
SMMI or high FMI who may be at increased risk of disease and/or frailty.
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Introduction

Loss of skeletal muscle mass (SMM), known as sarcopenia,
carries an increased risk for poor health outcomes including
frailty, increased morbidity, and premature mortality.1–4

SMM is an important tissue for the maintenance of glucose
homeostasis and is a biomarker for metabolic health.3,5 On
the contrary, fat mass (FM) has been shown to be strongly as-
sociated with increased risk of non-communicable diseases,
including hypertension, hyperlipidaemia, and insulin resis-
tance.6 Sarcopenia in combination with excess body fat,
known as sarcopenic obesity, is increasingly recognized as a
major health concern in the aging population because of its
association with a higher risk of cardio-metabolic abnormali-
ties.2,7 The reported prevalence of sarcopenia varies from
10% to 50% in different populations, generally increasing with
age to >50% among those aged ≥80 years old, with even
higher prevalence among people who are resident in nursing
homes.8 Sarcopenia and sarcopenic obesity remain inconsis-
tently diagnosed due to a lack of consensus for measurement
and definition.9 The development of sarcopenia in an aging
population may be masked by weight stability, with reduc-
tions in muscle mass counterbalanced by increases in FM.10

Therefore, it is critical to develop standardized approaches
to characterize muscle mass depletion, alone or in combina-
tion with increased adiposity,11 and to improve the clinical as-
sessment of the main associated parameters of sarcopenia in
the population.

Evidence suggests that body composition measurements
may be more precise predictors of health than simpler mea-
sures of body weight because they account for differences
in the proportion of fat and fat-free mass (FFM).12 However,
it is a challenge to make accurate measurements of body
composition in routine clinical practice, and the practical con-
siderations are even greater in people with reduced mobility.
Bioelectrical impedance analysis (BIA) is an inexpensive and
non-invasive technique to assess body composition, which
provides measures of FM and FFM with little or no more
practical complexity than basic measurements of body
weight. In addition, segmental BIA can provide measures of
the composition of the limbs and trunk separately so that
the fraction of muscle mass from the limbs, known as appen-
dicular SMM, can be used as a proxy for SMM.13 Appendicu-
lar SMM accounts for approximately 75% of whole body
SMM in adults and is the most modifiable fraction of whole
body SMM.14 Comparisons of SMM from segmental BIA
against reference methods to measure body composition
such as dual-energy X-ray absorptiometry (DEXA) suggest
that this is a reliable method to measure SMM, including in
older populations.15–18 Although FFM and SMM are highly
correlated, increases in the proportion of connective tissue
within the overall fat-free tissue mass with aging and with in-
creasing adiposity11 may explain why SMM appears to be a
stronger biomarker for metabolic health than FFM.16,19

The use of SMM and FM measurements in routine health
surveillance and in clinical practice is currently limited by
the lack of reference data to allow the classification of indi-
viduals at risk. The primary aim of this research is to construct
reference values for body composition based on measure-
ments made by bioelectrical impedance in a large healthy
White ethnic population in the UK. Secondary aims include
to assess the validity of these reference values in non-White
ethnic groups, and on a subsample of the population with
repeated measures of body composition, to construct
SMM and FM longitudinal trajectories to explore the tracking
over time.

Methods

Design and study population

We used data from the UK Biobank study, a prospective
population-based cohort study comprising a baseline sample
of 502 682 people aged between 40 and 69 years in 2006–
2010 from across the UK. Participants included in the UK
Biobank completed a full baseline assessment, including in-
formation on well-being, lifestyle and behaviour, and medical
history, and had a range of physical measurements and bio-
logical samples. A follow-up assessment collecting the same
measures was carried out in approximately 20 000 partici-
pants between 2012 and 2013.

In this analysis, we included 390 565 participants
(n = 375, 512 Whites; n = 6283 Black; n = 8770 Asian) with
complete data on body composition and all the relevant
variables at baseline. We excluded participants who re-
ported health conditions potentially affecting body compo-
sition,20 including type 1 diabetes (n = 4749); pregnancy
(n = 330); cancer in last 5 years (n = 17 773); respiratory
diseases (n = 12 538); self-reported poor health
(n = 15 093); more than one fall in last year
(n = 22 779); renal failure (n = 461); endocrine disease
(n = 3767); musculoskeletal disorders (n = 12 434); and
HIV, cirrhosis, or other diseases (n = 1041). We also ex-
cluded any other ethnicities not covered above (n = 7185).

From the follow-up sample, we selected n = 12 414 partic-
ipants who had a repeated measurement of body composi-
tion, of White ethnic background, and free of the specified
diseases at baseline and follow-up. The follow-up interval
varies from 2 to 7 years, with 3, 4, and 5 years being the most
frequent intervals.

The North West Multi-centre Research Ethics Committee
approved the study, and participants provided informed
consent to take part in the UK Biobank. Detailed
information about the study can be found at www.
ukbiobank.ac.uk.
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Body composition measurements

Body weight (kg) and segmental single-frequency BIA mea-
surements were taken using a Tanita BC-418 MA (Tanita Cor-
poration, Arlington Heights, IL) in bare-footed participants
wearing light clothing. Body composition measures were re-
corded for the whole body and limbs separately, including
measures of FM (kg), FFM (kg), predicted muscle mass (kg),
body water (kg), and bone (kg). Segmental BIA provides mea-
sures of the composition of limbs and trunk separately; there-
fore, the sum of predicted muscle mass (kg) from the limbs,
known as appendicular SMM, was calculated and used as a
proxy for SMM. Standing height was measured using a Seca
202 scale (Seca, Hamburg, Germany) after removal of shoes.
Both SMM and FM were normalized for height by dividing by
height2 [SMM index (SMMI) and FM index (FMI)]. Using mea-
sures of SMM and FM normalized for height can account for
the fact that people with the same body weight and FM per-
centage who differ in height will have different body compo-
sition status, or in other words, a higher FMI will result from a
shorter person compared with a taller person with the same
body weight and FM percentage. For example, two people of
1.5 and 1.8 m of height with 100 kg from which 40 kg is FM
would both have 40% FM. However, the first person would
be overweight with an elevated FMI compared with the sec-
ond person.11

We examined the validity of the BIA measurements against
DEXA as the reference method using the correlation and
agreement of body composition measurements obtained
from each method in a subsample of participants (n = 905)
(see Supporting Information, Appendix S1).

Statistical analysis

a. Development of cross-sectional reference values for
SMMI and FMI in a White ethnic group

For the White ethnic group, we generated smoothed per-
centile curves for SMMI and FMI using generalized additive
models (R package gamlss).21 The models are extensions of
the LMS model that summarizes the data in terms of three
smooth age-specific curves, namely, L (lambda), M (mu),
and S (sigma).22–24 This method does not assume that the
outcome follows a normal distribution but instead employs
a more flexible distribution that can accommodate skewed
or kurtotic data. Parameters corresponding to centrality, dis-
persion, skewness, and kurtosis are first estimated using
maximum likelihood methods for each time point, and for
each parameter in turn, trends are smoothed using non-
parametric regression. Percentiles are then found by
inverting the distribution function. We generated sex-specific
SMMI- and FMI-for-age percentiles curves and reference
values for the 2nd, 9th, 25th, 50th, 75th, 91st, and 98th

percentiles that correspond approximately to z-scores spaced
at two-thirds of a standard deviation (SD). Accordingly, each
individual had a z-score that corresponds to their position
on the reference curves.

b. Comparison of reference values with Asian and Black eth-
nic groups

We compared body composition reference values devel-
oped for the White ethnic sample with body composition
measurements taken from Black and Asian participants. We
used the same model described earlier to calculate the z-
scores for SMMI or FMI for Black and Asian ethnic groups.
Age-specific and sex-specific z-scores for Black and Asian par-
ticipants were summarized using means and confidence in-
tervals. We hypothesized that if the distribution of body
composition values in Black or Asian participants are similar
to White ethnic populations, then the z-score confidence in-
terval would include zero. If the confidence interval does
not include zero, then this would indicate population-wide
differences in body composition. To account for multiple test-
ing, we used 99.7% confidence intervals.

c. Longitudinal trajectories in body composition

We used the subsample of White ethnic participants with
repeated measurements of body composition to explore the
tracking of percentile position over time. First, we calculated
the within-subject coefficient of variation of SMMI and FMI
in women and men. Second, we generated longitudinal tra-
jectories based on the baseline z-score and the correlation
between repeated measurements of body composition.25

The correlation coefficient determines the amount of re-
gression to the mean that occurs; if the correlation coeffi-
cient is close to or equal to 1, the trajectories will closely
follow all of the cross-sectional references curves, but when
the correlation coefficient is less than 1, trajectories will be
‘regressed’ towards the mean or middle percentile value,
with more regression occurring for curves further from the
middle. We used a regression model to estimate the corre-
lation between the z-scores of the repeated measures of
SMMI and FMI as function of age and follow-up interval.
More details of the methods used are given in Supporting
Information, Appendix S2.

The correlation coefficient estimates were used to predict
longitudinal trajectories of SMMI and FMI values at 5 year in-
tervals for 2nd, 9th, 25th, 50th, 75th, 91st, and 98th percen-
tiles starting at age 40 for men and women. Longitudinal
trajectories are presented as graphs, with the 9th, 50th,
and 91st cross-sectional reference percentiles superimposed
for context. We also calculated the 90% limits of the expected
trajectory for SMMI and FMI for ages of 40, 50, and 60. This
analysis will allow to classify people whose trajectories fall
outside these upper and lower limits.25
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Results

The characteristics of the final sample can be found in
Supporting Information, Tables S1 and S2. For the White eth-
nic group, mean age (SD) was 56.6 (8.1) in men and 56.1 (8.0)
in women, with approximately 24% of men and women in the
60- to 64-year-old age group. Mean SMMI (SD) was 8.75
(0.99) kg/m2 in men and 6.9 (0.78) kg/m2 in women. Mean
FMI (SD) was 7.11 (2.52) kg/m2 in men and 9.97 (3.60)
kg/m2 in women.

The comparison of measurements obtained from BIA vs.
DEXA in a subsample of participants showed high correlations
for both SMM and FM (intraclass correlation coefficient-
0.8, all P < 0.001). Bland–Altman plots showed very small
differences and limits of agreement for SMM but slightly
larger differences and wider limits for FM especially in men.
BIA overestimated SMM by 2.5% in women and 1.9% in
men but underestimated FM by 3% in women and 11% in
men (Supporting Information, Appendix S1).

Figure 1 shows the SMMI- and FMI-for-age percentile
curves for men and women (the tabulated data can be found

Figure 1 Skeletal muscle mass index (SMMI) (A) and fat mass index (FMI) (B) reference percentiles for men and women between ages 40 and 69 years
in the White ethnic group.

A

B
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in Supporting Information, Tables S3–S6). The percentile
curves show similarities in shape and variance between men
and women; however, women have a higher FMI and lower
SMMI compared with men in all age groups. At age 50, the
median SMMI equates to 8.84 kg/m2 in men, compared with
6.82 kg/m2 in women. In men, the 50th percentile declines
steadily with age from 8.98 to 8.31 kg/m2. SMMI is largely un-
changed with age for most women with the 50th percentile
between 6.80 and 6.78 kg/m2, except in women in higher
percentiles, where SMMI declines slightly over 55 years.

FMI increases with age in both women and men. Between
ages 40 and 69 years, the 50th percentile increases from
8.32 to 10.12 kg/m2 in women and from 6.06 to 7.26 kg/m2

in men.
Figure 2 shows the mean and 99.7% confidence interval of

the z-scores for SMMI and FMI in Asian and Black ethnic
groups, stratified by sex and age. For Asian women, the z-
scores largely agreed with the White-based reference values
for FMI but were slightly lower for SMMI. For Asian men,
the z-scores agreed with the White-based reference values

Figure 2 Comparisons between the White-based reference values for skeletal muscle mass index (SMMI) (A) and fat mass index (FMI) (B) and the body
composition measurements from the Asian and Black ethnic groups, showing means and confidence intervals for the z-scores for each age.

A

B
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for FMI but were too low for SMMI with the discrepancy in-
creasing with age. For Black women, the White-based refer-
ence resulted in higher z-scores for both SMMI and FMI,
and for Black men, the z-scores varied greatly for both SMMI
and FMI.

Longitudinal trajectories in SMMI and FMI for the subsam-
ple of White ethnic participants with repeated body composi-
tion measurements are shown in Figure 3 (dashed lines), and

the regression model of correlations of z-scores between
baseline and follow-up is summarized in Supporting Informa-
tion, Tables S7 and S8. The predicted trajectories represent
the median trajectories of individuals started at that
percentiles position and measured every 5 years. The longi-
tudinal trajectories coincide with the cross-sectional percen-
tiles (solid lines) at age 40 but thereafter regress towards
the median, resulting in the convergence patterns of

Figure 3 Longitudinal trajectories (dashed lines) of skeletal muscle mass index (SMMI) (A) and fat mass index (FMI) (B) values at 5 year intervals for
2nd, 9th, 25th, 50th, 75th, 91st, and 98th percentiles starting at age 40 for men and women, superimposed with the cross-sectional percentiles (9th,
50th, and 91st) (solid lines).
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longitudinal trajectories in Figure 3. The coefficient of vari-
ation is higher for FMI (0.12 and 0.13 for women and men,
respectively) than for SMMI (0.03 for both men and
women). The overall correlation coefficient (regardless of
the follow-up intervals) between measurements is 0.9 for
SMMI and FMI for men and women. The extent of the ex-
pected regression to the mean depends on this correlation
between measurements. Declines in SMMI are evident
among men and more clear among women above the
50th percentiles. For FMI, the longitudinal trajectories pres-
ent a higher degree of regression towards the mean in
both men and women.

Table 1 shows the 90% limits of the expected 5 year tra-
jectories for SMMI and FMI. That is, there is a 10% chance
of changing body composition to an extent that goes be-
yond these limits (5% below the lower limit and 5% above
the upper limit). For example, a 50-year-old man with
SMMI 8.01 kg/m2 is expected to have SMMI 7.95 kg/m2

at age 55, with the 90% limits between 7.50 and 8.44 kg/
m2. Thus, this person might be considered to lose an un-
usual amount of muscle mass if his SMMI at age 55 is be-
low 7.50 kg/m2 or to gain an unusual amount of muscle
mass if above 8.44 kg/m2. Regardless of age and sex,
higher SMMI or FMI at baseline will have wider 90% limits
of the expected values at follow-up. Also, because of the
larger within-subject variation in FMI than in SMMI, the

90% limits of expected body composition at the 5 year
follow-up are wider for FMI than for SMMI.

Discussion

We present novel age-specific and sex-specific reference
values and percentiles for SMM and FM in a large, healthy
White ethnic population in the UK, which can be used to
assess the relationship between body composition and
health outcomes and as part of nutritional surveillance to
identify people at risk. Longitudinal trajectories measured
in a subsample provide preliminary evidence to identify
people where changes over time fall outside the normal
range. There were clear differences in reference curves
for non-White populations, and use of these data to assess
body composition in other ethnic groups is not advised.

The main strengths of the study include the large sample
size and applicability to the healthy middle/older-aged popu-
lation of White ethnicity in the UK. Although there are various
reference values for FFM in the literature, SMM may be a
more relevant marker for sarcopenia.26–30 For this study,
we defined clear and evidence-based criteria intended to ex-
clude people with chronic diseases or conditions that may af-
fect body composition,20 and we used the most robust

Table 1 The expected values with 90% limits of skeletal muscle mass index and fat mass index at the 5 year follow-up for men and women, starting at
four different values (corresponding to z-scores �2, �1, 1, 2) of skeletal muscle mass index and fat mass index for ages 40, 50, and 60

Age
(years)

SMMI FMI

Baseline

After 5 years

Baseline

After 5 years

5% lower limit Expected 5% upper limit 5% lower limit Expected 5% upper limit

Men 40 7.45 7.04 7.45 7.86 2.56 1.99 3.07 4.41
8.18 7.72 8.14 8.59 4.15 3.21 4.57 6.13
9.95 9.25 9.83 10.53 8.56 6.49 8.5 11.28

11.31 10.28 11.08 12.14 12.3 8.77 11.64 15.53
50 7.27 6.83 7.26 7.7 2.86 2.23 3.35 4.72

8.01 7.5 7.95 8.44 4.56 3.56 4.96 6.53
9.85 9.03 9.67 10.44 9.21 7.07 9.09 11.84

11.27 10.07 10.94 12.11 13.14 9.48 12.36 16.16
60 7.04 6.56 7.02 7.48 3.13 2.48 3.64 4.99

7.77 7.22 7.69 8.2 4.91 3.91 5.3 6.8
9.59 8.69 9.33 10.1 9.58 7.48 9.36 11.81

10.99 9.64 10.5 11.62 13.37 9.83 12.41 15.69
Women 40 5.77 5.56 5.84 6.16 3.99 3.35 4.39 5.77

6.23 5.95 6.28 6.66 5.71 4.67 6.13 8.04
7.58 6.98 7.53 8.27 12.38 9.09 12.02 16.06
8.85 7.77 8.62 9.9 18.94 12.81 17.17 23.24

50 5.75 5.5 5.79 6.11 4.27 3.63 4.86 6.4
6.23 5.9 6.24 6.63 6.26 5.23 6.86 8.86
7.63 6.95 7.51 8.27 13.02 10.07 12.91 16.66
8.94 7.76 8.61 9.87 19.05 13.79 17.81 23.08

60 5.71 5.49 5.78 6.1 4.71 3.96 5.31 6.92
6.19 5.89 6.23 6.62 6.93 5.76 7.45 9.37
7.58 6.93 7.47 8.18 13.51 10.63 13.16 16.37
8.81 7.7 8.49 9.59 18.88 14.04 17.47 21.76

FMI, fat mass index; SMMI, skeletal muscle mass index.
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method for creating the reference values.24 The reported
5 year trajectories in SMMI and FMI are a novel aspect of this
work with potential to be applied in routine clinical practice
or population surveillance. These reference values have been
derived from BIA measurements, which is an inexpensive and
feasible method to use in large epidemiological studies or
routine clinical practice. The specific scales used in this study
were previously validated against DEXA in a mixed population
of children and adults, and body composition estimates were
found to be more accurate than those obtained from previ-
ous BIA estimates.31 We also showed high correlations for
both SMM and FM with very small differences and limits of
agreement for SMM, while the differences in FM were similar
to previous validation studies.16,18,31 There is evidence sug-
gesting that BIA is less accurate at high BMI levels than some
other methods of assessing body composition, which are
used in specialist or research centres.32,33 Because algorithms
to estimate body composition by BIA vary, we would advise
that these reference data are used in combination with a
Tanita BC-418 MA segmental body composition analyser.
However, a few studies comparing different analysers from
this manufacturer or others have reported only small differ-
ences in % body fat (e.g. equivalent to 0.3–0.8 units of differ-
ence in FMI),34–36 suggesting that a participant would likely
fall into the same percentile regardless of the method used
considering that for any age and sex there is always >1 unit
of difference between percentiles 2 and 9 in FMI (where
the smallest difference is reported). Whether this is also true
for SMMI where the differences between percentiles 2 and 9
are smaller (~0.5 units) is not clear and requires further study.

Hydration status may also affect the accuracy of the BIA
measurement, but the UK Biobank protocol did not specify
any standard procedures to deal with some important
determinants of hydration before the measurement (e.g.
instructing participants not to eat or drink). Data from a com-
prehensive review suggest that overall BIA works best in
healthy subjects with a stable water balance.37 However,
we do not expect to see age-related dehydration in this sam-
ple where the age range goes from 40 to 69 years at baseline
when the BIA was performed. In addition, BIA is much less
sensitive to the amount of fluid recently drunk than usually
imagined because the truncal component only accounts for
10% of the total body impedance.38 Previous studies have
successfully developed and used centile charts without apply-
ing strict procedures for measurement.22,23,30 The lack of pre-
measurement standardization used in UK Biobank reflects the
likely scenario in routine applications of this method.

Our results show that SMM declines in men from the age
of 40, whereas in women, SMM is more stable and decreases
only slightly among women in the higher percentiles. Similar
patterns have been observed in a previous study that re-
ported SMM reference values in a healthy White population
in the USA.26 To our knowledge, this is the first study to re-
port reference values for SMM for a middle-aged population

in the UK using BIA measurements. Other studies reporting
reference values for body composition have used FFM, which
comprises all non-fat tissues, and it is an indirect marker of
SMM. Overall, these previous studies show a greater decline
in FFM with age in men and women than observed in the
present analysis of SMM.26–30 However, some of these stud-
ies had unclear exclusion criteria, wider age ranges, and much
smaller sample sizes, meaning these previous studies are
likely to be less representative than the population of the
UK Biobank. Increases in FM among men and women are ev-
ident with aging in our study and consistent with the ob-
served results from other White populations.26–29,39,40

These reference values are especially relevant because it is
increasingly recognized that body weight and BMI are less
able to identify people at increased risk than more specific
measures of body composition, which may be especially im-
portant in aging and diseased populations. These new refer-
ence values are potentially applicable in the clinical setting
and/or in field surveys to classify sarcopenia, as well as for
the evaluation of interventions aiming to improve the nutri-
tional status of populations with specific needs.

The validity of these White-based reference values for the
non-White ethnic groups was poor. The BIA prediction algo-
rithm inbuilt in the device is mostly based on White popula-
tions,41,42 and thus, it is not clear whether the differences
observed are due to errors in the basic assessment of body
composition by BIA or biological differences in body composi-
tion and/or changes with age.43–45 Our descriptive data
showed that overall SMM and FM among Asians in the UK
Biobank were similar to Whites, although previous studies
have found that Asians tend to have lower SMM and FM
levels,46. We did not assess fat distribution although Asian
populations are generally observed to have a higher propor-
tion of visceral FM, reflecting both genetic and environmental
differences between populations.46,47 Compared with
Whites, Black ethnic population have a higher SMM and
higher FM only among women, which is consistent with the
literature.26 Descriptive trends in total body composition with
age seen in our study are broadly consistent with previous
results.39,40,48

Our analysis of longitudinal trajectories in body composi-
tion in the subsample of participants with a follow-up as-
sessment showed regression towards the mean, with
some evidence of declining SMMI only among men. We
have reported the predicted 90% limits for the expected
5 year trajectories of SMMI and FMI, which can be used
to identify people with unusual trajectories and in clinical
practice to identify and track individuals at risk of excessive
loss of SMM, a risk factor for frailty and premature mortal-
ity. The differences in the cross-sectional vs. longitudinal
analyses make clear the error that may be introduced if
cross-sectional reference values, which do not account for
the within-person variability, are used to track individuals
over time.49
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In conclusion, this study presents age-specific and gender-
specific percentile curves for SMM and FM scaled for
height, which can be used as reference values for healthy
White individuals aged 40–69 in the UK. Greater use of spe-
cific measures of muscle mass would aid the diagnosis of
sarcopenia and help to better understand the underlying
pathophysiology of frailty.50 It will also be relevant for track-
ing patients with specific conditions such as respiratory dis-
eases, cardiovascular disease, or cancer, which are known
to affect SMM. BIA is a practical tool to use in both large-
scale field studies and in routine health care settings. Given
that it also measures body weight, it could replace existing
measurements of weight alone to provide a better prognostic
indicator than BMI. Identifying people at risk will help to tar-
get interventions to those at greatest need, improve patients’
outcomes, and reduce costs to the health system.
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