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1 Introduction

Body composition is known to change with aging hall-
marked by a decline in skeletal muscle mass as well as by 
an increase in total and abdominal fat tissue. As changes 
in body composition are associated with increased risk for 
disease and disability, monitoring body composition in the 
old is of clinical importance.

Sarcopenia has been referred to as a geriatric syndrome 
[1] as it describes the age-associated loss of muscle mass and 
function, which is accompanied by a progressive decline in 
physical performance and is associated with a higher risk 
for physical disability and need for care. Sarcopenia can be 
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Abstract
Age-related changes in body composition reflect an increased risk for disease as well as disability. Bioimpedance analy-
sis is a safe and inexpensive bed side method to measure body composition, but the calculation of body compartments 
with BIA is hampered in older adults. Phase angle, a raw parameter derived from bioimpedance analysis, is free from 
calculation-inherent errors. It declines with age and disease and is highly predictive of a variety of clinical outcomes 
as well as mortality. This review summarizes the current evidence linking the phase angle to geriatric syndromes such 
as malnutrition, sarcopenia and frailty and also investigates whether the phase angle reacts to interventions. Since the 
majority of studies show an association between the phase angle and these geriatric syndromes, a low phase angle is not 
suitable to exclusively indicate a specific condition. It does not inform on the underlying cause and as such, a low phase 
angle mainly indicates increased risk. Phase angle decline over time is reflected by deterioration of e.g. frailty status. It 
reacts to physical training and detraining, but studies investigating whether these induced changes are also associated with 
improved outcome are missing.
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present without apparent weight changes, hence assessing 
body composition is required in order to detect it. More-
over, older adults are particularly vulnerable to malnutrition 
[2] which is frequently characterized by involuntary weight 
loss resulting in further deleterious changes in body com-
position. The loss of skeletal muscle mass in malnutrition 
has been shown to be greater in older compared to younger 
adults [3]. Both malnutrition and sarcopenia are frequent 
in higher age with considerable overlap between the two 
entities, as malnutrition can contribute to or accelerate the 
development of sarcopenia. Importantly, malnutrition and 
sarcopenia have been linked to the development of the com-
plex frailty syndrome which is a geriatric syndrome asso-
ciated with lower resilience against stressors and impaired 
clinical outcome [4]. Both weight loss and low muscle 
strength or function are principal phenotypic characteristics 
of the physical frailty syndrome [5].

Bioimpedance analysis (BIA) which is a simple, non-
invasive, inexpensive and safe bedside method, has long 
been considered an attractive alternative to the cumbersome 
and expensive imaging methods for body composition 
assessment such as dual X-ray absorptiometry (DXA) or 
computed tomography (CT). However, deriving body com-
position in the old using BIA is challenging, as the required 
conditions for calculating body compartments such as con-
stant hydration of fat free mass or no fluid imbalance, no 
body shape abnormalities, are frequently not present in the 
old. They represent a very heterogeneous population with 
high inter-individual variation of fat free mass hydration 
and a higher likelihood of disease and multimorbidity which 
may further affect body composition [6]. Most regression 
equations for assessing body composition using single fre-
quency BIA developed in healthy populations are not suit-
able in disease [7] and have even been found inadequate in 
the old [8, 9]; moreover, only few age-specific equations for 
single body compartments have been developed so far.

Research on the use of raw bioimpedance parameters 
such as resistance (R), reactance (Xc) or phase angle with-
out the equation-inherent errors for calculating body com-
position has increased in the last decade and there is a large 
body of evidence linking reduced bioimpedance phase angle 
to a variety of clinical outcomes including mortality in e.g. 
critically ill, patients with kidney, heart or liver disease, and 
patients with cancer [10].

Resistance and reactance provide information on hydra-
tion of tissues as well as cell membrane mass. R is the pure 
opposition of the body as a biological conductor to the flow 
of an alternating electric current; while reactance is the 
resistive effect produced by the double layer of cell mem-
branes and tissue interfaces. The phase angle as the ratio 
between Xc and R is therefore interpreted as an indicator of 
cell membrane integrity and better cell function and health, 

while lower phase angle values have been associated with 
impaired cellular structure and greater cell death [11]. While 
the relationship between phase angle and overall body cell 
mass (BCM) has been described early, only recently, a study 
also confirmed an association between phase angle and cell 
growth and metabolism in healthy older adults. Using a pro-
teomics approach, six protein markers were identified as 
being strongly associated with the phase angle [12]. When 
the protein markers were grouped according to their func-
tional characteristics, regulation of the amount and growth 
of cells emerged as the main biological process which is 
related to the phase angle [12]. N-terminal pro b-type natri-
uretic peptide (NT-proBNP) was the key marker of the 
phase angle. NT-proBNP is an established marker of heart 
failure which is frequently characterized by overhydration. 
Studies in patients on hemodialysis show that changes in 
phase angle over a 6 month period was related to changes in 
NT-proBNP [13].

Also, age is one of the strongest determinants of phase 
angle in health, and phase angle prominently declines with 
higher age. While most studies are cross-sectional consis-
tently showing peak values in young adulthood and lower 
values in later life [14], a recent study investigated prospec-
tive changes in phase angle over time in adults aged over 50 
[15]. The authors showed an annual decline in phase angle 
values which mirrored the decline in muscle quality (hand 
grip or knee extension strength per kg muscle mass) while 
overall changes in body composition were not yet detect-
able. The annual percentage change in this study did not 
differ between men and women, or between the older (< 65 
years) and younger group. However, the precision of the 
device, which allows evaluation of repeated measurements 
was not stated in the study.

Phase angle in higher age has also been associated 
with prominent aging biomarkers such as the higher pro-
inflammatory status in higher age (e.g. “inflammaging”) and 
parameters of oxidative stress [16, 17] which is linked to 
inflammation and cell damage and therefore also has been 
implicated in the development of age-related disease [18].

Since phase angle reflects both fluid distribution and 
BCM, an association with the amount and quality of skel-
etal muscle mass is expected. Moreover, phase angle has 
also been linked to muscle strength and functional capacity 
and therefore several studies have explored the relationship 
between phase angle values and sarcopenia in older adults.

This review focusses on the association of phase angle 
with parameters of impaired nutritional status, with muscle 
mass, strength and function as well as sarcopenia and frailty 
in the old. It moreover explores whether a low phase angle 
is indicative of incident functional decline and whether it 
reacts to interventions such as physical training.
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2 Phase angle and its association with 
impaired nutritional status (malnutrition)

The association between impaired nutritional status and 
low phase angle is well established [10]. As the calculation 
of body compartments using BIA in the older adults is not 
accurate enough, in particular in the presence of disease, the 
use of raw bioimpedance parameters to indicate impaired 
nutritional status has gained increasing attention. Malnutri-
tion is characterized by a decrease in BCM and loss of intra-
cellular water with a compensatory increase in extracellular 
water [10]. Not surprisingly, alterations of electrical tissue 
properties, reflected by characteristic changes in reactance, 
occur in malnutrition [19] which is therefore usually accom-
panied by a decreased phase angle.

The gold standard for the diagnosis of malnutrition has 
long been under debate, but there are several nutrition 
screening tools which indicate malnutrition or the risk of 
developing malnutrition and which have been investigated 
in relation to phase angle.

We studied phase angle in octogenarians living in a nurs-
ing home and found a stepwise reduction in phase angle 
with increasing degree of malnutrition assessed by the Mini 
Nutritional Assessment (MNA) [20]. Similarly, in a small 
sample of old frail hospital patients, the overall phase angle 
positively correlated with the MNA short-form score [21]. 
Additionally, malnutrition indicated by the Nutritional Risk 
Score (NRS-2002) was associated with a significantly lower 
phase angle in geriatric inpatients [22]. One study in old 
rehabilitation patients moreover showed that phase angle 
was predictive of malnutrition assessed with the Geriatric 
Nutritional Risk Index, with sensitivity and specificity how-
ever different between men and women [23].

Although many studies consistently report associations 
between various nutrition screening tools which indicate 
malnutrition and the phase angle, one systematic review 
failed to conclude that phase angle was an accurate pre-
dictor of malnutrition assessed by the Subjective Global 
Assessment (SGA) in different disease settings [24].

Recently, a study in a large clinical cohort of predomi-
nantly older patients [25] also showed that the phase angle 
was an independent and even better predictor of mortality 
compared to the SGA, indicating that a low phase angle 
yields additional information which cannot be attributed to 
nutritional status alone.

Malnutrition is a complex phenomenon, and in disease, 
of multifactorial origin. Several factors, such as inflamma-
tion or disease-specific catabolism, which contribute to mal-
nutrition, also have an adverse impact on phase angle itself 
[26]. Moreover, both inflammation and malnutrition are 
frequently accompanied by edema, which per se is known 
to decrease phase angle. Therefore, while malnutrition and 

low phase angle are closely linked, the underlying factors 
will be hard to disentangle. Although malnutrition is most 
likely accompanied by a reduced phase angle, a low phase 
angle cannot be interpreted as an exclusive indicator of 
malnutrition.

3 Phase angle as an indicator of low muscle 
strength and sarcopenia

The electric properties of cell membranes are related to 
both area and integrity of cell membranes and phase angle 
has been referred to as an index of cell membrane integrity 
[27] which is one determinant of membrane potential and, 
together with area, most likely determines muscle cell func-
tion [28]. The impedance parameters reactance and resis-
tance normalized for height have both been shown to be 
independently associated with hand grip strength [29], so 
an association between phase angle and strength parameters 
is expected.

In healthy old, phase angle is a predictor of muscle func-
tion such as slow gait speed [30] and in healthy older women, 
moderate associations were obtained between phase angle 
and muscle quality (strength/kg appendicular lean mass), 
functional capacity score (composed of various walking 
and rising tests) [31], gait speed [32] and with 6-meter 
walking test, forearm flexion and chair stand, dependent on 
BMI category [33]. In older patients with cancer, low phase 
angle predicted decreased hand grip strength, knee exten-
sion strength and reduced peak expiratory flow, as well as 
impaired physical function (determined by the European 
Organization for Research and Treatment of Cancer quality 
of life questionnaire) [34].

Higher phase angle values suggest higher BCM [35], 
of which an integral part is skeletal muscle. Not surpris-
ingly, phase angle is increased in athletes reflecting both the 
higher amount of skeletal muscle mass [36] as well as per-
formance capacity [37] and has been referred to as indicator 
of muscle quality [38, 39]. Similar to muscle mass, phase 
angle is affected by age, sex, race, BMI [40] and physical 
activity [41]. Given these associations, it is likely that sar-
copenia, the loss of muscle mass and function in higher age, 
is accompanied by lower phase angle values.

While the definition of sarcopenia has undergone very 
few changes in the last decades (from age-related loss of 
muscle mass to loss of muscle mass and function), the diag-
nostic criteria have been under debate, which in part is due 
to the challenges of assessing muscle mass in vivo. Whether 
phase angle values can be used to indicate sarcopenia has 
been addressed in several studies in the old or in cancer 
patients.
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the locomotive syndrome, a condition in which mobility 
is reduced due impairments of the locomotor system [49] 
with some sex-specific differences as these associations 
were more pronounced in men. In a small prospective study 
in older adults, with every one-degree increment in phase 
angle over a one-year period, the likelihood of improving 
from frailty was 4-fold higher [50]. In older patients with 
rheumatoid arthritis, a low phase angle was also associ-
ated with significantly higher odds of being frail. Moreover, 
the change in phase angle over time was also correlated to 
the change in frailty status. Deterioration in frailty status 
was associated with a decline in phase angle, while in non-
frail patients who maintained at a stable phase angle either 
improved or did not change [51]. Figure 1 illustrates the 
relationship between phase angle, malnutrition, sarcopenia 
and frailty.

Phase angle has also been linked to the dysmobility syn-
drome, a recently proposed concept which integrates bone, 
muscle as well as adipose tissue in order to predict future 
fracture risk. In a large Korean cohort of community-dwell-
ing old, low phase angle was significantly associated with 
a more 2-fold risk of having the dysmobility syndrome, 
independent from significant confounders such as sex, body 
mass index, and inflammation [52].

5 Is the phase angle a good predictor of 
subsequent falls, incident disability and 
mortality in the old?

Given the observed associations with nutritional status, 
muscle mass, strength and function as well as frailty in older 
adults, the question arises whether phase angle is also a use-
ful tool to predict age-relevant clinical outcomes such as 
falls, disability or mortality.

In a large population of community-dwelling old with-
out disability at baseline, low phase angle was a significant 
independent predictor of incident disability during a two 
year follow up period while appendicular lean mass cor-
rected for BMI was not [53]. Also, older community-dwell-
ing adults with low phase angle experienced more falls in a 
6-month period [54] and phase angle as well as number of 
medications were significant predictors of incident fall risk, 
whereas age, sex, low muscle mass or low muscle function 
were not. In older patients with rheumatoid arthritis [51], 
phase angle predicted falls in a two year follow up period, 
whereas sarcopenia assessed by the Asian Working Group 
for Sarcopenia 2014 criteria was not a significant risk factor 
for falls. Similarly, in older patients with cirrhosis, phase 
angle and the disease severity Model for End-stage liver 
disease (MELD) score were both independently associated 

A recent systematic review summarized the evidence 
and analysed the relationship between sarcopenia and phase 
angle in old adults with and without disease. A correlation 
between phase angle and muscle mass was seen in six stud-
ies, while phase angle correlated with the sarcopenia related 
muscle parameters hand grip strength and gait speed in six 
and three studies, respectively. Di Vincenzo and colleagues 
found significantly lower values of phase angle in sarcope-
nia in seven out of eight studies and a higher prevalence of 
sarcopenia in patient groups below cut offs indicating low 
phase angle in five out of six studies. In two out of four 
studies, low phase angle significantly predicted sarcope-
nia. The phase angle cut off values to indicate sarcopenia 
in the studies, however, ranged considerably from 4° to 5° 
[42]. It is not clear whether these differences were due to the 
population studied or due to the BIA device, as the studies 
included in the systematic review were different and differ-
ences between BIA devices from different manufacturers 
are well known [43].

Similar to malnutrition, when phase angle and sarcopenia 
were analysed with regard to survival, they were both inde-
pendent predictors of death in two studies [44, 45] again 
implying that phase angle provides additional information 
and is not solely an indicator of sarcopenia.

In summary, there appears to be a consistent association 
between sarcopenia and low phase angle, however valid 
phase angle cut off values to reliably indicate sarcopenia are 
missing. That may in part be due to the lack of gold standard 
methods used in the studies to assess muscle mass, but also 
to the multifactoriality of a low phase angle. In the end, a 
low phase angle cannot be used in a diagnostic way [27] but 
may be used as a risk factor to indicate low muscle mass or 
quality.

4 The relation between phase angle, frailty 
and the dysmobility syndrome

Not surprisingly, there is also a close association between 
phase angle and frailty, an important geriatric syndrome 
which is described as a complex multifactorial syndrome 
with increased vulnerability against stressors [4], of which 
sarcopenia has often been referred to as the biological sub-
strate [46]. In a nationally representative sample of the 
NHANES study of 4,667 older adults, men and women 
with phase angle values below the first quintile had a 3-fold 
higher risk of being frail [47]. In the FraDySMex cohort 
study (Frailty, Dynapenia, and Sarcopenia in Mexican 
Adults), low phase angle was associated with frailty, even 
after controlling for age, sex, BMI, and comorbidities [48]. 
Similarly, in a large cohort of community-dwelling old in 
Japan, a low phase angle was linked to frailty as well to 
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overall morbidity and longer hospital stay as well as higher 
short term and one-year mortality [58]. Moreover, in older 
patients with COVID-19 [59], low phase angle was an inde-
pendent predictor of short-term mortality risk irrespective 
of age, sex, BMI, and comorbidities. In a small study in crit-
ically ill older patients, phase angle improved after five days 
in survivors while it decreased further in non-survivors [60]. 
Overall, a low phase angle is a strong independent predictor 
of mortality in various diseases and is also associated with a 
higher incidence of disability as well as falls in older adults 
who were healthy at baseline.

6 Phase angle changes with training and 
detraining

Aside from the biological determinants age and sex, phase 
angle is impacted by various parameters in disease, such 
as inflammation and catabolism; while physical activity is 
believed to be the strongest modifiable determinant of phase 
angle in health. Whether phase angle also reflects acute 
changes achieved by exercise or by phases of detraining has 
been studied in older adults. One systematic review sum-
marizing seven studies showed in their meta-analysis that 
resistance training induced increases in phase angle, which 
result from an increase in reactance with a concomitant 
reduction in resistance [61].

with incident hospitalization and mortality, but phase angle 
was the only independent predictor of falls [55].

Low phase angle values have also been linked to increased 
risk of death in many clinical settings [10]. This associa-
tion of low phase angle and mortality has been observed in 
community-dwelling older adults as well. In the sub-analy-
sis of the NHANES cohort in older adults described above 
[47], low phase angle was moreover predictive of long-term 
mortality independent from sex, age, race or ethnicity and 
comorbidity. Since these study participants were also more 
likely frail, this is anticipated, however, even in non-frail 
individuals with no little or no comorbidity at baseline, 
lower phase angle was associated with an increased risk of 
mortality during the follow up period, and the authors there-
fore suggest that low phase angle can be seen as a global 
marker of aging [47]. In a large cohort of patients aged over 
65 years (n = 1,307), a low phase angle was even associ-
ated with mortality in a 10-year period following hospital 
stay, irrespective of age, sex, comorbidities or BMI category 
[56]. The presence of acute disease compounds the problem 
even further. In 1,071 geriatric in-hospital patients, a low 
phase angle was associated with a 4-fold higher risk of in-
hospital mortality [57].

In a cohort of old patients with cancer, a low phase 
angle was an independent predictor of one-year mortality 
next to cancer severity, whereas grip strength was not [34]. 
Also, in older patients undergoing major cardiac surgery, 
phase angle was associated with frailty and higher risk for 

Fig. 1 Phase angle in the framework of malnutrition, sarcopenia and frailty and age-associated disease, inflammation and oxidative stress
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disability and mortality in older adults (Fig. 2). This indi-
cates that the phase angle, while highly predictive of mor-
tality, is not a good indicator of a single entity, as it does 
not inform on its etiology. A low phase angle in individu-
als only indicates increased risk, but the underlying cause 
is unknown and needs to be investigated. This also explains 
the wide range of proposed cut off values which differ with 
regard to e.g. disease and the outcome or the condition it 
was related to. At present, no universal phase angle cut off 
value exists and caution is also necessary due to the lack-
ing comparability of BIA devices. In healthy older adults, 
the phase angle increases after training and decreases after 
detraining, however whether these induced changes also 
indicate a change in prognosis has not yet been investigated. 
It however stands to reason, as phase angle increases over 
time have e.g. been shown to reflect improvement from the 
frailty syndrome.
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