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ORIGINAL ARTICLE
Raw BIA variables are predictors of muscle strength in

patients with chronic obstructive pulmonary disease
F de Blasio', MG Santaniello', F de Blasio®*, G Mazzarella*, A Bianco®*, L Lionetti®>, FME Franssen® and L Scalfi’
BACKGROUND/OBJECTIVES: Although loss of fat-free mass (FFM) and reduced muscle strength are highly prevalent in chronic

obstructive pulmonary disease (COPD), only few data are available on the relationships of handgrip strength (HGS) and respiratory
muscle strength with body composition in such disease. In particular, we aimed to assess whether raw bioelectrical impedance (BIA)

variables were independent predictors of muscle strength in COPD patients, possibly more significant than anthropometric

variables and BIA-based estimates of FFM.

SUBJECTS/METHODS: Two hundred and thirty-seven COPD patients (161 males and 76 females) underwent respiratory,
anthropometric, BIA, HGS and respiratory muscle strength (maximum inspiratory or expiratory pressure = MIP and MEP)
measurements. Bioimpedance index (Bl index = height square/whole-body impedance) and phase angle (PhA) were considered as
raw BIA variables. FFM was estimated using three disease-specific BIA equations.

RESULTS: In COPD patients a stronger correlation was observed between HGS and PhA compared to the ones with anthropometric
variables or FFM estimates. Multiple regression analysis showed that combining Bl index and PhA (plus age in male patients)
accounted for 50.2% and 42.6% of the variance in HGS in male and female patients, respectively. Similarly, Bl index and PhA
emerged as predictors of both MIP and MEP in males, while in females MIP was related only to PhA and MEP only to Bl index.
CONCLUSIONS: Raw BIA variables are independent and valuable predictors of HGS and respiratory muscle strength in COPD
patients. Bl index and PhA could provide useful information for evaluating body composition and better assessing muscle strength

and physical fitness in COPD.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a chronic
respiratory disease with several important extra-pulmonary
consequences; in particular, loss of fat-free mass (FFM) and
decreased muscle strength are highly prevalent in these
patients."? Low FFM may have adverse effects on health status,’
increasing the frequency or severity of disease exacerbations, and
being a strong predictor of mortality.*” In the clinical setting, FFM
is very frequently assessed by using bioelectrical impedance
analysis (BIA). In such a case body composition is estimated by
means of predictive equations which include BIA variables and
frequently also variables such as age and weight® Alternatively,
the use of directly-measured raw BIA variables, such as phase
angle (PhA) or impedance ratio (IR =the ratio between impedance
and Z at higher frequencies and Z at lower frequencies), has
gained attention because they are thought to be a proxy of water
distribution (extracellular/intracellular water ratio), body cell mass
(BCM) and cellular integrity.™'* Preliminary data in COPD showed
that PhA significantly decreased across COPD stages.'® Further-
more, it was found to be positively correlated with body mass
index (BMI) and negatively with age and disease severity.?
Decreased muscle strength is also common in COPD," possibly
due to a number of specific reasons such as deconditioning,
inflammation, malnutrition, oxidative stress, hypoxemia, in

addition to the loss of muscle mass.”> Low limb muscle strength
(usually evaluated by isometric knee extension strength) is
reduced by 20-30% in COPD patients,” and is considered to be
a strong predictor of both exercise capacity and mortality.'®
Similarly, handgrip strength (HGS) was found to be lower in COPD
patients,'”’ %' being inversely associated with their quality of life
and mortality.?*

Although the evaluation of both body composition and muscle
strength is recommended for defining different nutritional
phenotypes,® only a few studies?*° have so far evaluated the
relationships between upper limb muscle strength and body
composition in COPD, showing lower HGS in patients with
depleted FFM,>>?® and an inverse association with BlA-based
FFM.2”2® With regard to raw BIA variables, a direct correlation
between lower limb muscle strength and PhA was reported,? with
only preliminary results on HGS."" On the other hand, to the best
of our knowledge there is a scarcity of data on the relationship
between respiratory muscle strength and body composition,*~32
and no mention of raw BIA variables.

Based on this background, the aim of this study was to assess
the relationship between HGS and BIA in COPD patients. In
particular, we hypothesized that raw BIA variables are stronger
predictors of HGS than general characteristics of patients or BIA-
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based estimates of FFM. Similarly, we also evaluated whether BIA
could be effective in predicting respiratory muscle strength.

MATERIALS AND METHODS

Patients with COPD, consecutively admitted to the Pulmonary Rehabilita-
tion Section of Clinic Center S.p.A (Naples, Italy) from March 2013 to May
2016, were assessed for eligibility. Inclusion criteria were both genders and
a diagnosis of COPD according to the latest Global Initiative for Chronic
Obstructive Lung Disease (GOLD) guidelines.33 Exclusion criteria were
related to diagnosis of known respiratory disorders other than COPD,
known history of significant inflammatory disease other than COPD and a
COPD exacerbation within 4 weeks of enrollment. The Ethics Committee of
the ‘Federico II" University of Naples approved the research protocol and all
patients gave informed consent to participate to the study.

Lung function

All patients performed a baseline post-bronchodilator spirometry and
body plethysmography (QBOX COSMED, Albano Laziale, Rome, ltaly)
according to American Thoracic Society (ATS)/European Respiratory
Society (ERS) standardization.>* Forced expiratory volume in 1s (FEV,)
was assessed in accordance with the latest GOLD guidelines. Patients
were classified into four stages according to GOLD criteria as follows: GOLD
stage | (mild) if FEV,;% predicted >80; GOLD stage Il (moderate) if
50 > FEV,% predicted >80; GOLD stage lll (severe) if 30 > FEV;% predicted
>50 and GOLD stage IV (very severe) if FEV;% predicted < 30.

Body composition

Body weight and body height were measured to the nearest 0.1 kg and
0.5 cm respectively, using a mechanical column scale (SECA 711; Hamburg,
Germany) and a stadiometer (SECA 220; Hamburg, Germany), and BMI was
calculated as body weightheight.? Body composition and single-frequency
BIA (SF-BIA) were assessed at 50 kHz using a Human Im-Touch analyzer (DS
Medica Srl, Milan, Italy), in standardized conditions (i.e. ambient
temperature between 23 and 25 °C, fast >3 h, empty bladder, supine
position for at least 10 min before starting the measurement), In addition,
after cleaning skin surface, patients were asked to lay with legs and arms
slightly abducted at 30°, so there was no contact between the extremities
and trunk.

A standard tetrapolar technique was used, with measuring electrodes
placed on the anterior surface of the wrist and ankle, and injecting
electrodes placed on the dorsal surface of the hand and the foot,
respectively. Z, resistance and PhA were measured for both dominant and
non-dominant sides injecting an imperceptible electrical current of
800 mA. Bioelectrical impedance index (Bl index) was calculated as height
squared divided by Z, being a raw BIA variable directly related to FFM.3® As
BlA-based estimates of body composition, FFM and FFM index (FFMI kg/
m?=FFM/height?) were estimated from resistance using three disease-
specific BIA equations.>’° Fat mass (FM) was calculated as body weight
minus FFM.

Muscle strength

HGS, a proxy of overall muscle strength,40 was measured at baseline with a
digital dynamometer (Dynex, MD systems, Inc., Westerville, OH, USA). Three
measurements were taken for each body sides (dominant and non-
dominant) and the maximum values were considered for statistical
analysis.*' Mean value of the two body sides was indicated as whole-
body HGS (or HGS). Low HGS was defined according to the European
Working Group on Sarcopenia in Older People (EWGSOP) as follows:
< 30kg in males and < 20 kg in females.

Respiratory muscle strength was measured as maximum inspiratory
pressures (MIP) and maximum expiratory pressures (MEP), according to the
method described by Black and Hyatt.** Measurements were obtained in
the sitting position with MicroRPM (CareFusion, Hoechberg, Germany).

Other measurements

Breathlessness was measured using the Medical Research Council (MRC)
dyspnea scale.** A composite prognostic index based on BMI, airflow
obstruction, dyspnea, and exercise capacity (BODE index),** was used as
proxy of global disease severity.
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Statistical analysis

Whole-body data for Z, Bl index, PhA and HGS were obtained by
calculating the mean of dominant and non-dominant sides. Values were
reported as mean +s.d. unless otherwise specified. Comparisons between
groups were conducted by analysis of variance (ANOVA). Pearson
correlation coefficient was used to evaluate the association between
variables. Multiple regression analysis was applied in order to identify the
best predictors of HGS, MIP and MEP. Three sets of variables were
considered: general characteristics of patients (age, height, weight and
BMI, plus FEV; measured); BIA-based estimates of body composition (FFM
and FM) plus age; raw BIA variables (Bl index and PhA) plus age.

RESULTS

Two hundred and thirty-seven patients (161 males and 76
females) with stable COPD were studied. General characteristics
of patients were shown in Table 1. Male patients had higher HGS
(+51.1%), MIP (+18.5%) and MEP (+11.0%) than female patients.
When using the EWGSOP criteria,** low HGS was found in 63.4%
and 71.1% of male and female COPD patients, respectively. The
majority of patients had moderate to severe impaired lung
function: 3.4% of patients were classified in GOLD stage |, 30.4% in
GOLD stage I, 39.7% in GOLD stage Ill and 26.6% in GOLD stage
IV. With respect to BODE index, 26.6% patients had a score
between 1 and 5 points and 73.4% between 6 and 10 points.

Concerning body composition, whichever of the three pre-
dictive equations was used, FFM and FFMI were significantly
higher and percentage of FM lower in males compared to females
(Table 1). In both genders, mean FFM (and, consequently, FFMI)
was the highest when the Rutten equation was used and the
lowest when the Kyle equation was used.

SF-BIA data

Bl index was significantly lower by about 23.3% in females
(Table 1), while PhA was higher in males (by 6.0%). In a
multivariate analysis, age (P < 0.001), BMI (P < 0.05) and FEV1

Table 1. Characteristics of 237 COPD patients subdivided by genders
Males Females P-value
(n=16171) (n=76)
Age (years) 704+7.5 68.7+7.8 NS
Height (cm) 1652+7.0 1527+6.3 <0.001
Weight (kg) 69.9+16.8 64.7+13.7 <0.05
Body mass index (kg/m?) 255+55 278+58 <001
FEV; (% pred.) 41.1+182 49.8+203 <0.001
Impedance (ohm) 546 +103 600 + 82 < 0.001
Bioimpedance index (cm?/ohm) 51.6+9.8 396+63 <0.001
Phase angle (degrees) 51++10 48+09 <0.05
Handgrip strength (kg) 278+7.1 184+4.6 <0.001
MIP (mm H,0) 56.4+21.0 476+18.1 <0.01
MEP (mm H,0) 798+26.7 719+213 <0.05
FFM Rutten (kg) 504+7.2%° 384+51° <0.001
FFM steiner (kQ) 473+7.7* 383+4.9° <0.001

46.1+6.3% 36.1+4.7°° <0.001
185+2.1*" 165+1.9° <0.001
173425 165+20° <0.01

16.9+1.9°¢ 155+1.8¢ <0.001
260+87*° 395+65° <0.001
3094747 396+72° <0.001
32.3+82°° 43.1+64°° <0.001

FFM kyie (kg)

FFMI Rutten (kg/mz)
FEMI Steiner (kg/mz)
FFMI e (kg/m?)
FM Rutten (%)

FM Steiner (%)

FM Kyle (%)

Abbreviations: FEV,, forced expiratory volume in 1 second; FFM; fat-free
mass; FFMI, fat-free mass index; MEP, maximum expiratory pressure; MIP,
maximum inspiratory pressure; NS, not significant. Data presented as
mean +5.d. °P < 0.001 between Rutten and Steiner equations. °P < 0.001
between Rutten and Kyle equations. “P < 0.001 between Steiner and Kyle
equations.
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Table 2. Correlation between muscle strength and selected variables in clinically stable COPD patients (161 males and 76 females)
MALES FEMALES
HGS MIP MEP HGS MiIP MEP
Age —0.419%* —0.056 —-0.076 -0.209 -0.176 —-0.085
Height 0.385** 0.073 0.097 0.538** 0.086 0.156
Weight 0.373** 0.342** 0.307** 0.113 0.245* 0.443**
BMI 0.255%* 0.358** 0.300%* —0.069 0.223 0.395**
FFM Rutten 0.472%* 0.385** 0.342%* 0.301* 0.245* 0.423**
FFM steiner 0.472%* 0.423** 0.366** 0.235* 0.236* 0.395**
FFM kyie 0.480%* 0.410%* 0.353** 0.302* 0.261* 0.419%*
Bioimpedance index 0.505%* 0.447** 0.378*%* 0.291* 0.182 0.276*
Phase angle 0.584** 0.456** 0.450%* 0.635** 0.421%* 0.127
Abbreviations: BMI, body mass index; FFM, fat-free mass; HGS, handgrip strength; MEP, maximum expiratory pressure; MIP, maximum inspiratory pressure.
Data are presented as correlation coefficients (r). *P < 0.05; **P < 0.001.
50 - Lo As a second step, with respect to BIA-based estimates of body
sl Male'sl(g =Sj4:’;’_<0‘00” composition, FFM, FM and age all emerged as significant
0 Females (R°=0.403; p<0.001) predictors of HGS, except for the Steiner equation in females
B s (data not shown). FFM was also a predictor of MIP in both genders
0 . . . . .
= \ ° . and MEP in males, whichever predictive equation was chosen,
g 0 ¢ whereas this correlation was significant in females only for Rutten
Z 29 . equation (data not shown).
5 209 — H Finally, when raw BIA variables were included in the model
g 15 ° S oo . (Table 3), combining Bl index and PhA (plus age in male patients)
10 3 ° accounted for 50.2 and 42.6% of the variance in HGS in male and
5 female patients, respectively. In both genders HGS was almost
0 e s e s e e e 3 kg higher for every one degree increase in PhA. Similarly, as
2025 30 35 40 45 50 55 60 65 70 75 80 shown in Table 3, Bl index and PhA emerged as predictors of both
Phase angle (degrees) MIP and MEP in males, while in females MIP was related only to
Figure 1. Regression line between handgrip strength and phase PhA and MEP only to Bl index.

angle in male and female COPD patients.

measured (P < 0.001) emerged all as predictors of PhA in males
(adjusted R?=0.220, P < 0.001), whereas height and weight did
not. On the contrary, in females, the only significant predictor was
FEV1 measured (adjusted R*=0.049, P < 0.05).

An inverse correlation between PhA and BODE index was
observed both in males (r=-0.343, P<0.001) and females
(r=-0.358, P<0.01), whereas a marked decline across GOLD
stages was observed only in males (5.37+0.89, 5.00+0.92 and
4.82+0.99 degrees in stages I/Il, lll and IV, respectively).

Relationship between muscle strength and body composition
First, we evaluated the association of PhA with a number of
variables of interest (Table 2). There was a more evident
correlation of HGS with age, anthropometric variables, and BIA
estimates of FFM in males than females. The association with HGS
was weaker for FFMI, independently of the equation used (data
not shown). In both genders, raw BIA variables, and especially PhA
(Figure 1), were more strictly correlated with HGS than the other
variables (with the exception of height in females). With respect to
respiratory muscle strength, as shown in Table 2, there was in both
genders a significant association of MIP or MEP with BIA estimates
of FFM, and also with PhA (for MEP only in males).

Multiple regression analysis was applied on different sets of
independent variables in order to identify the best predictors of
HGS. First, demographic and anthropometric variables (plus FEV,)
were considered. In males, age, height, weight, BMI and FEV,
entered the model (P < 0.01 or less) with an adjusted R? of 0.333,
whereas in females the only predictor was height (age, weight,
BMI and FEV; were excluded), with an adjusted R? of 0.280.
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DISCUSSION

The main finding of the present study is that in COPD patients raw
BIA variables are significant predictors of muscle strength. HGS,
MIP and MEP are more strictly related to Bl index and PhA
compared to general characteristics of patients and BIA-
based FFM.

Different metabolic phenotypes characterized by low FFM and
decreased muscle strength (for example, sarcopenia and sarco-
penic obesity) may be observed in COPD patients,> being
associated with decreased physical activity, exercise intolerance,
poor quality of life, and higher morbidity and mortality.*** In the
clinical setting, FFM is often estimated through predictive
equations based on BIA variables. Raw BIA variables (Bl index
and PhA) have also been receiving attention,®'®*%*’ because they
are considered as a proxy of FFM, water distribution, BCM and
cellular integrity.'*'®*® The few data available in the literature
have shown that in COPD patients PhA was higher in males,®'>4°
being correlated negatively with age and positively with BMI and
FEV;,® and significantly decreased across COPD stages.'”” We
extend these observations by showing, in a multivariate analysis,
that age and BMI are predictors of PhA in males, but not in
females. In addition, it should be noted that underweight male
patients (BMI < 21 kg/m?) have lower values of PhA compared to
those with a higher BMI (4.49+0.98 degrees vs 5.10+0.90
degrees; P <0.001). Indeed, no difference was found in under-
weight female patients compared to those with a normal weight.

Low muscle strength, which is another feature of muscle
dysfunction and a major systemic consequence of COPD,? is
commonly diagnosed in the clinical setting by measuring HGS.? In
COPD patients HGS has been found to be reduced,” ™' being
inversely associated with their quality of life and mortality.?#?* A
few studies have also provided limited data on the relationship
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Table 3. Multivariate stepwise regression with HGS, MIP and MEP as dependent variables for male and female patients, separately
MALES
HGS (kg) = +19.6 (5.2) + 0.25xBl index (0.04) + 2.83xPhA (0.47) —0.27xage (0.06) R?*=0502 SEE=50 P <0.001
MIP (mm H,0) = -169(9.2) + 0.69xBl index (0.16) + 7.46xPhA (1.59) — R*=0292 SEE=17.0 P <0.001
MEP (mm H,0) = -5.8(12.1) — + 10.03 X PhA (2.09) — R*=0.248 SEE=232 P <0.001
FEMALES
HGS (kg) = -1.9(0.5) + 0.14xBIl index (0.06)  + 3.09 x PhA (0.45) — R*=0.426 SEE=34 P <0.001
MIP (mm H,0) = +53(11.1) — + 8.83 x PhA (2.28) — R*=0.165 SEE=16.5 P <0.001
MEP (mm H,0) = +4.0(17.7) + 0.92xBI index (0.36) — — R*=0.167 SEE=194 P <0.05
Abbreviations: HGS, handgrip strength; MEP, maximum expiratory pressure; MIP, maximum inspiratory pressure; R?, adjusted R square; SEE, standard error of
estimate. Standard errors of regression coefficients in brackets. Intercept not significantly different from zero in the equations with MIP and MEP as dependent
variables.

between muscle strength and body composition in COPD (none
as primary endpoint), showing that patients with depleted FFM
had lower HGS.>>%® In addition, regarding raw BIA variables, an
association between quadriceps strength and PhA was found in a
recent single study.® Taking into consideration the scarcity of data
in the literature, this is the first study to deal with evaluating in
COPD the relationship of HGS and respiratory muscle strength
with raw BIA variables, as compared with a number of other
selected variables, such as general characteristics and BIA-based
estimates of body composition. Simple correlation shows that HGS
is more strongly related to raw BIA data (in particular, to PhA) than
other selected variables. More interestingly, in a multivariate
analysis raw BIA variables emerged as significant predictors of
HGS, while FEV, did not. HGS directly increases by 2.83 kg for each
degree of PhA at 50 kHz, in males and 3.09 kg in females. These
results are consistent with previous studies on old patients with
cancer®® or elderly people at risk of sarcopenia.*®

Respiratory muscle strength is another functional measure with
prognostic potential in COPD patients.>’ Many COPD patients
show a reduction in the strength of respiratory muscles,®>>* with a
prevalence of 20-45% in patients with a stable disease,®® and
80-90% in patients with frequent exacerbations.>* While previous
studies have found in COPD that respiratory muscle strength was
positively correlated to FFMI® and lower in underweight
patients,”® to the best of our knowledge no data are available
on the relationships of MIP and MEP with raw BIA variables. In
good agreement with a previous study showing an association
between MIP and PhA in cancer patients,”” we found positive
correlations of respiratory muscle strength with Bl index and PhA,
which were stronger than the ones observed with other potential
predictors (anthropometrics and BIA-based estimates of FFM). A
possible explanation could be the reduced mass of the diaphragm
muscle and chest wall or reduced mechanical efficiency of the
respiratory muscles in COPD patients with poorer body
composition.>®

Overall, the relationship of HGS, MIP and MEP with raw BIA
variables in COPD patients can be explained first of all considering
that Bl index is usually considered as a proxy of FFM. In addition,
our results suggest that PhA may provide some useful information
on intrinsic characteristics of FFM related to muscle strength,
possibly because it reflects BCM or some cellular abnormalities
due to malnutrition.

Some limitations of the study must be acknowledged. First, this
is a single-center study, which, however, included COPD patients
referred for a pulmonary rehabilitation program from several
hospitals and chest physicians of Campania region in Southern
Italy (5850850 residents). Second, since these data were not
available, we are not able to compare BIA variables with body
composition estimates obtained with dual energy X-ray absorp-
tiometry or other reference techniques. However, this is the first
study that describes in COPD the relationships of muscle strength

© 2017 Macmillan Publishers Limited, part of Springer Nature.

with raw BIA variables and other variables commonly used in the
clinical setting.

In conclusion, based on these results, it can be concluded that
raw BIA variables (Bl index and PhA) are independent predictors of
muscle strength in COPD patients, more strongly associated to
HGS and respiratory muscle strength than BIA-based estimates of
FFM or anthropometric parameters. The assessment of Bl index
and PhA could provide useful information for evaluating body
composition and better assessing muscle strength and physical
fitness in COPD. Longitudinal studies are needed to test whether
raw BIA variables may help predicting risk of functional decline in
these patients.
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