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Background: The study aimed to investigate the potential association of trunk skeletal

muscle mass (tSM) and phase angle measured by bioelectrical impedance analysis (BIA)

with the chance of femoral neck fractures in very elderly people.

Patients and Methods: This case-control study enrolled 78 femoral neck fracture patients

aged over 75 years (29 males) and 1:2 matched healthy controls. All participants were

subjected to BIA examination by specialists. tSM, the corrected values by height squared

of tSM (tSMI) and phase angle were compared between fracture patients and controls.

Multivariate logistic regression was performed to explore the strength of association of

femoral neck fracture with tSM, tSMI, and phase angle.

Results: tSM (kg) of fracture patients was significantly lower than those of controls in all

participants (women: 13.49±0.42 vs 15.44±0.39, p<0.05; men: 15.30±0.71 vs 17.54±0.78,

p<0.05). In the sarcopenic subgroup, fracture patients also got a lower tSM than controls

(women: 12.58±0.21 vs 13.62±0.16, p<0.05; men:14.41±0.29 vs 16.07±0.21, p<0.05). The

comparison of tSMI between the two groups was similar to that of tSM. Phase angle (°) at 50

kHz in fracture patients was significantly lower than that of controls in women and men

(women: 3.70±0.32 vs 4.61±0.21, p<0.05; men: 3.50±0.20 vs 3.84±0.22, p<0.05).

Multivariate logistic regression analysis demonstrated higher fracture chance with signifi-

cantly associated decreased tSM [women: OR (95% CI): 0.78(0.67–0.91); men: 0.74(0.64–-

0.86)] and tSMI [women: OR (95% CI): 0.72(0.61–0.85); men: 0.69 (0.59–0.81)]. In

addition, per 1° increase of phase angle in the trunk could decrease the fracture risk by

14% for women [OR (95% CI): 0.86 0.79–0.94)] and 29% for men [OR (95% CI): 0.71

(0.64–0.79)].

Conclusion: This study indicates a decrease in tSM, tSMI, and phase angle measured by

BIA is significantly related to the increased chance of femoral neck fracture in people aged

over 75 years. Strengthening the mass and strength of trunk skeletal muscles may help

reduce the risk of femoral neck fracture in elderly patients.

Keywords: bioelectrical impedance analysis, skeletal muscle mass, phase angle, femoral

neck fracture

Introduction
The incidence of femoral neck fracture in the elderly population is continuously

increasing due to the increase in average life expectancy worldwide.1,2 Prevention

of femoral neck fracture is still crucial due to its many complications and high
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mortality, although the prognosis of femoral neck fracture

has been much improved in the past decades.3 Identifying

relevant risk factors is the first step in preventing femoral

neck fractures.

Sarcopenia is one common form of malnutrition in the

elderly population and its prevalence increases along with

age.4 Decreased muscle mass often leads to weakened

muscle strength, making it difficult to maintain body pos-

ture and leading to an increased incidence of falls,5,6 one

of the most important factors for femoral neck fracture.7,8

Previous studies have indicated that sarcopenia is one

strong risk factor for femoral neck fracture.9–11

According to the definition of sarcopenia by the Asia

Working Group for Sarcopenia (AWGS),12 only appendi-

cular lean mass (aLM) or its corrected values of the human

body is used to evaluate whether sarcopenia is combined.

Actually, skeletal muscles of the trunk also play an impor-

tant role in maintaining posture and preventing falls.

However, whether the decrease in muscle mass or strength

in the trunk area increases the risk of femoral neck frac-

tures has not been reported in the literature.

In recent years, bioelectrical impedance technology

(BIA) which can estimate body composition by measuring

the body’s impedance has been widely used in various

clinical fields. Instruments based on BIA can estimate the

skeletal muscle mass in whole body as well as in one

segment such as limbs or trunk.13 Only measuring muscle

mass to determine muscle status has drawbacks because

decreased muscle mass does not always lead to weakened

skeletal muscle strength. BIA can also measure phase

angle which to some extent can reflect the functional status

of muscles.14–16 The potential association of phase angle

of trunk muscle with the chance of femoral neck fracture

has not been reported so far.

In the current study, we aimed to investigate the poten-

tial association of trunk skeletal muscle mass and phase

angle measured by BIA with the chance of femoral neck

fracture in the very elderly population.

Patients and Methods
Study Design and Population
This case-control study was conducted from

September 2017 to December 2018 in the orthopedic depart-

ment of the First Affiliated Hospital of Chongqing Medical

University. A total of 78 patients (29 males) aged more than

75 years who were admitted into hospital due to femoral

neck fracture after falls were consecutively enrolled. Critical

exclusion criteria included: pathologic fracture; malignant

tumor; a history of previous hip fracture requiring surgery

with metal prosthesis; chronic drug use which may affect the

body fluid balance and skeletal mass; significant sensory or

balance impairments such as noticeable vision loss, ataxia,

etc.; alanine transaminase (ALT) or glutamic-oxalacetic

transaminase (GOT) >3 times the upper limit of normal or

estimated glomerular filtration rate (eGFR) <30 mL/

(min·1.73m2) or other concomitant severe diseases; inability

to cooperate to finish BIA test and other conditions which

were inappropriate for enrollment judged by the researchers.

Then 1:2 gender-, age- and body mass index (BMI)-matched

control participants were chosen from the volunteers with no

major diseases history.

The contents and purposes of this study were thor-

oughly explained to the participants prior to the study,

and written consents were obtained from all of them. The

study protocols were in accordance with the Declaration of

Helsinki and ethical approval was obtained from the First

Affiliated Hospital of Chongqing Medical University.

Measurements
All participants were subjected to BIA testing by Direct

Segmental Multi-Frequency Bioelectrical Impedance

Analyzer (DSM-BIA, Inbody S10, Korea). BIA was per-

formed the day the participant was admitted to hospital

before any fluid treatment began. And, for volunteers, BIA

testing was completed in 2 weeks. BIA measurements in

the present study were performed following the manufac-

turer’s instructions. All participants were asked not to take

any foods or drinks and to avoid strenuous activity within

2 hours before the testing. All parameters of BIA testing

were obtained using a standard montage of outer and inner

electrodes on the right hand and foot while patients lay

down with legs apart. Body composition indicators includ-

ing skeletal muscle mass (SMM), soft lean mass (SLM),

percentage of body fat (PBF), fat free mass (FFM), fat

mass (FM), intracellular water (ICW), extracellular water

(ECW), total body water (TBW), mineral content and

protein content were measured and recorded. The para-

meters of resistance and reactance were determined using

an electric alternating current flow of 800 mA and multiple

frequencies of 5 kHz, 50 kHz and 250 kHz. Phase angle

was calculated using the following equation: phase angle

(°) = arctan (reactance/resistance) (180/ω). The BIA

device used in the present study could measure phase

angle of the whole body as well as a particular body

segment such as the trunk.
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Statistics
Continuous variables were presented as mean ± stand devia-

tion (SD). Paired t test or Wilcoxon rank-sum test was used

for comparison between groups for continuous variables

according to whether the distribution of the data was normal.

Categorical variables were presented as frequency (propor-

tions) and compared with χ2 test. To further test the strength

of association of femoral neck fracture with tSM, tSMI, and

phase angle, multivariate logistic regression was performed

and confounding effects such as traditional nutritional indi-

cators and parameters from BIA including albumin, preal-

bumin, blood urea nitrogen, SMM, SLM, PBF, FFM, FM,

mineral, and protein were adjusted. For all the comparisons,

the level of statistical significance was set at p<0.05 two-

sided. SPSS 19.0 was used for all statistical analyses.

Results
Basic Characteristics of Femoral Neck

Fracture Patients and Healthy Controls
As shown in Table 1, significant differences were observed

between fracture patients and healthy controls with regarding

to certain BIA indicators including SMM, SLM, PBF, FFM,

FM, mineral, and protein (p<0.05). In addition, albumin,

prealbumin, and blood urea nitrogen which were classical

indicators of nutritional status also showed significant differ-

ences between the two groups. As to hemoglobin, ICW,

ECW and TCW, no obvious differences were detected.

Appendicular Lean Mass and Trunk

Skeletal Muscle Mass is Lower in Fracture

Patients Than Healthy Controls
Appendicular lean mass (aLM) corrected by height

squared (appendicular skeletal muscle mass index, aSMI)

below 5.4 kg/m2 in women and below 7.0 kg/m2 in men

were identified as sarcopenia according to the criteria

based on the Asia Working Group for Sarcopenia

(AWGS). As shown in Table 2, both aLM and aSMI of

fracture patients were significantly lower than those of

healthy controls in men and women. The prevalence of

sarcopenia in fracture patients was 69.4% in women and

65.5% in men, values which were significantly higher than

their counterparts of 52.0% and 42.1% in healthy controls

(p<0.05). Similarly, trunk skeletal muscle mass (tSM) was

also significantly lower in fracture patients than healthy

controls in both women (13.5±2.8 vs 15.4±4.0, p<0.05)

and men (15.3±3.8 vs 17.5±6.1, p<0.05). To rule out the

confounding effect of height, we corrected tSM by height

squared which was named as trunk skeletal muscle mass

index (tSMI). The comparative results of tSMI between

fracture patients and controls were similar to those of tSM

as shown in Table 2.

Trunk Skeletal Muscle Mass Is Lower in

Fracture Patients Than Controls in the

Sarcopenic Subgroup
tSM and its corrected values and tSMI were also compared

in sarcopenic participants with or without femoral neck

fracture (Figure 1). We observed that both tSM and tSMI

were significantly lower in fracture patients than controls in

both women (tSM 12.6±0.6 vs 13.6±0.6, p<0.05; tSMI 5.4

±0.2 vs 6.0±0.3, p<0.05) and men (tSM 14.4±0.6 vs 16.1

±0.4, p<0.05; tSMI 5.4±0.4 vs 6.3±0.2, p<0.05). However,

the difference of aSMI between the two groups (women: 4.1

±0.2 vs 4.3±0.3, p>0.05; men: 5.9±0.4 vs 6.1±0.4, p>0.05)

was not significant. The above result indicated loss of trunk

skeletal muscle may not be parallel to loss of appendicular

skeletal muscle in elderly fracture patients.

Table 1 The Basic Characteristics of Femoral Neck Fracture

Patients and Healthy Controls

Fracture (n=78) Controls (n=156) p

Age (years) 82.60±6.12 83.38±6.99 0.72

BMI (kg/m2) 21.46±5.56 21.45±6.39 0.16

Male (n, %) 29, 37.1% 58, 37.1% 0.99

Albumin (g/L) 39.43±10.68 41.05±13.49 <0.05

Prealbumin (g/L) 221.49±22.45 238.55±24.87 <0.05

Hemoglobin (g/L) 119.21±17.46 117±21.59 0.51

BUN (mmol/L) 3.40±3.27 4.56±3.99 <0.05

Data from BIA

SMM (kg) 17.7±5.3 19.3±6.2 <0.05

SLM (kg) 32.6±7.9 34.5±9.9 <0.05

PBF (kg) 31.3±13.2 28.6±13.7 <0.05

FFM (kg) 34.8±7.9 36.8±11.2 <0.05

FM (kg) 18.0±10.6 15.7±12.5 <0.05

Mineral (kg) 2.3±0.9 2.7±1.2 <0.05

Protein (kg) 6.2±1.8 7.1±2.5 <0.05

TBW (kg) 26.3±6.2 27.0±8.7 0.25

ECW (kg) 10.5±2.6 10.7±3.7 0.29

ICW (kg) 15.9±3.5 16.3±4.9 0.31

Abbreviations: BMI, body mass index; BUN, blood urea nitrogen; SMM, skeletal

muscle mass; SLM, soft lean mass; PBF, percentage of body fat; FFM, fat free mass; FM,

fat mass; TBW, total body water; ECW, extracellular water; ICW, intracellular water.
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Phase Angle of Trunk Skeletal Muscle is

Lower in Participants with Fracture Than

Those Without
As to the value of phase angle at frequency of 5 kHz and 50

kHz, significant differences were found between fracture

patients and controls in both men and women (Table 3).

However, the statistical significance of phase angle no longer

existed at a frequency of 250 kHz in neither men nor women.

Logistic Regression Analysis of the

Association of Femoral Neck Fracture

with tSM, tSMI, and Phase Angle
As shown in Table 4, multivariate logistic regression was

performed to evaluate the strength of the association of

femoral neck fracture with tSM, tSMI, and phase angle.

After adjusting the confounding effect of albumin, preal-

bumin, blood urea nitrogen, SMM, SLM, PBF, FFM, FM,

mineral, and protein, we found increased tSM was signifi-

cantly associated with decreased femoral neck fracture risk

in both men and women with odds ratio as well as 95%

confidence interval of 0.78 (0.67–0.91) for women and

0.74 (0.64–0.86) for men. For tSMI, the association

strength was even stronger than tSM [OR (95% CI): 0.72

(0.61–0.85) for women; 0.69 (0.59–0.81) for men]. As to

phase angle of trunk, we found per 1° increase of phase

angle of trunk could bring down the femoral neck fracture

risk by 14% for women [OR (95% CI): 0.86 (0.79–0.94)]

and 29% for men [OR (95% CI): 0.71 (0.64–0.79)].

Discussion
In the present study, we explored the potential association

of body composition indicators from BIA with the chance

of femoral neck fracture in very elderly people. The result

demonstrated that loss of trunk skeletal muscle mass mea-

sured by BIA was significantly associated with the risk of

Figure 1 Comparison of trunk skeletal muscle mass measured by BIA and its corrected values by height2 in sarcopenic participants with or without femoral neck fracture.

*p<0.05 versus the control group for tSM; **p<0.05 versus the control group for tSMI.

Abbreviations: tSM, trunk skeletal muscle mass (kg); tSMI, trunk skeletal muscle mass index which was defined as tSM/height2(kg/m2).

Table 2 Comparison of Skeletal Muscle Mass in Limbs and Trunk Measured by BIA Between Femoral Neck Fracture Patients and

Healthy Controls

Female (n=147) Male (n=87)

Fracture (n=49) Control (n=98) p Fracture (n=29) Control (n=58) p

aLM (kg) 10.9±2.8 12.1±4.0 <0.05 17.6±3.2 19.9±4.6 <0.05

aSMI (kg/m2) 4.6±0.7 5.1±0.4 <0.05 6.5±1.6 7.4±1.5 <0.05

Sarcopenia (n, %) 34, 69.4% 51, 52.0% <0.05 19, 65.5% 25, 43.1% <0.05

tSM (kg) 13.5±2.8 15.4±4.0 <0.05 15.3±3.8 17.5±6.1 <0.05

tSMI (kg/m2) 4.9±1.4 5.6±0.4 <0.05 5.6±1.1 6.5±1.5 <0.05

Abbreviations: aLM, appendicular lean mass; aSMI, appendicular skeletal muscle mass index which is defined as aLM/height2; tSM, trunk skeletal muscle mass; tSMI, trunk

skeletal muscle mass index which is defined as tSM/height2.
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femoral neck fracture in people aged more than 75 years.

The result also showed obvious differences about the

phase angle of trunk between fracture and non-fracture

people, which indicated phase angle of trunk could per-

haps be a potential predictor of femoral neck fracture.

In the past decade, BIA was widely used in analyzing

body composition including segmental skeletal muscle

mass with fast and non-invasive advantages,17,18 and

many of the BIA indicators were found to be valuable in

helping clinicians better diagnose diseases and judge the

prognosis.19 Many previous studies have confirmed

reduced aLM measured by BIA had a good correlation

with increased risk of femoral neck fracture,9–11 which is

consolidated by our results that aLM in fracture patients is

much lower than the controls. Loss of trunk skeletal muscle

may be parallel to loss of appendicular skeletal muscle as

people age, in which case no obvious differences can be

found in fracture and controls with regarding to tSM. Under

this premise, measuring tSM cannot provide more predic-

tive information of fracture than sarcopenia. However, in

the present study significantly lower tSM is still observed in

fracture patients than controls in the sarcopenic subgroup,

which reverses the above assumptions and indicates mea-

suring tSM could perhaps provide additional predictive

information for femoral neck fracture.

Obviously, it is not appropriate to evaluate the overall

functional status of trunk skeletal muscle by measuring mus-

cle mass only, because muscle mass is not necessarily paral-

lel to other muscle functional status indicators such as

strength. Phase angle is mainly determined by the membrane

permeability of human body cells which indicates the trunk

phase angle can evaluate the quality of trunk skeletal muscle

at least in part. This viewpoint is supported by some previous

reports in the literature. It has been reported that phase

angle was significantly associated with the muscle quality

index in older women and it could be improved after resis-

tance training.16 Furthermore, phase angle has been proved

to be associated with handgrip strength but not with

sarcopenia,15 suggesting phase angle may reflect muscle

status from another side different from muscle mass.

Another recently published study supported our result

which revealed older adults with lower phase angles were

more likely to experience prospective falls compared with

those with normal-high phase angles,20 although the signifi-

cance of the overall phase angle was explored in their

research rather than the individual trunk phase angle. Our

study suggests a correlation between the trunk phase angle

and the risk of femoral neck fractures. If this is confirmed by

more studies, regular BIA testing may identify high-risk

populations for femoral neck fractures at an early stage.

Table 4 Univariate and Multivariate Logistic Regression About the Potential Association of tSM, tSMI and Phase Angle of Trunk at

Frequency of 50 kHz with the Incidence of Femoral Neck Fracture

Female Male

OR (95% CI) OR (95% CI)

Univariate Multivariate# Univariate Multivariate#

tSM 0.83 (0.74–0.93)* 0.78 (0.67–0.91)* 0.79 (0.71–0.88)* 0.74 (0.64–0.86)*

tSMI 0.81 (0.73–0.90)* 0.72 (0.61–0.85)* 0.82 (0.73–0.91)* 0.69 (0.59–0.81)*

Phase angle (ø)

50 kHz 0.85 (0.80–0.91)* 0.86 (0.79–0.94)* 0.74 (0.64–0.86)* 0.71 (0.64–0.79)*

Notes: #The following confounding factors were adjusted: albumin, prealbumin, blood urea nitrogen, SMM, SLM, PBF, FFM, FM, mineral and protein. *p<0.05.
Abbreviations: tSM, trunk skeletal muscle mass; tSMI, trunk skeletal muscle mass index which is defined as tSM/height2; OR, odds ratio; CI, confidence interval.

Table 3 Comparison of Phase Angle of Trunk at Multiple Frequencies from BIA in Femoral Neck Fracture Patients and Healthy

Controls

Phase Angle (ø) Female (n=147) Male (n=87)

Fracture (n=49) Control (n=98) p Fracture (n=29) Control (n=58) p

5 kHz 2.1±0.7 2.3±0.9 <0.05 2.1±1.1 2.4±1.5 <0.05

50 kHz 3.5±1.4 3.8±1.8 <0.05 3.7±1.6 4.6±1.5 <0.05

250 kHz 2.2±2.8 2.5±2.7 0.78 2.3±3.7 3.9±4.6 0.82
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Providing timely patient education to this population may

help reduce the incidence of femoral neck fractures.

According to the following formula,

phase angle (°) = arctan (reactance/resistance) (180/ω)
reactance (Ω) = 1/(2 π*frequency* capacitance)

Choosing appropriate frequency is crucial to avoid the

measured values of phase angle becoming too small, espe-

cially considering that systematic error of BIA testing

cannot be ignored at this stage. Our result shows that the

significant differences of phase angle between fracture and

control people can only be observed when the frequency

used is 5 kHz or 50 kHz. We speculate that a frequency as

high as 250 kHz may reduce the value of reactance too

much to make the calculated phase angle relatively stable

and repeatable. After an extensive literature review, we

found 50 kHz frequency was used the most when measur-

ing phase angle by BIA, which is also consistent with our

result.21–23

Limitations
Our study has several limitations. Firstly, although BIA is

recommended to measure skeletal muscle mass by European

Working Group on Sarcopenia in Older People, the accuracy

of BIA is still controversial compared with dual energyX-ray

absorptiometry (DXA), computed tomography (CT) and

magnetic resonance imaging (MRI).12 Secondly, in addition

to sarcopenia, there are many factors that can cause falls in

the elderly, such as impaired sensorium, multimorbidity,

vitamin D deficiency, polypharmacy, and house hazards.

Although the elderly with impaired sensorium, multimorbid-

ity, and polypharmacy were excluded from this study as

much as possible, we have not been able to rule out the

effects of house hazards and vitamin D deficiency on the

results. Thirdly, the phase angle of the trunk area may be

affected by the soft tissue inside the chest cavity, but it is not

clear to us about the extent of the impact. However, even

considering the impact of soft tissue on trunk phase angle, the

significant difference in trunk phase angle between the frac-

tured and the control group is still largely due to the differ-

ence in function and quality of the muscle itself. Of course,

this needs more research to confirm. And last but not least,

the swelling of the muscle after the bone fracture may cause

the muscle mass to be overestimated which would cause

a certain degree of bias to the results. However, the injury

caused by femoral neck fracture is mainly limited to the joint

capsule, and the degree of muscle edema is less severe than

that caused by femoral shaft or intertrochanteric fracture.

Therefore, the bias of muscle edema on the results should

be very weak, and will not have a significant impact on the

conclusion of this study.

Conclusions
In the present study, we find decreased trunk skeletal

muscle mass and phase angle measured by BIA are sig-

nificantly associated with increased risk of femoral neck

fracture in people aged more than 75 years. In addition, the

attenuation of trunk skeletal muscle is not parallel to the

limb muscles, indicating that measuring the trunk skeletal

muscle mass and phase angle can provide additional infor-

mation to help determine the risk of femoral neck fracture.

If there are cohort studies in future that can confirm

a reduction in trunk muscle mass and phase angle can

indeed lead to an increased risk for femoral neck fracture

in the elderly, regular BIA testing may be a simple but

promising tool for predicting femoral neck fracture in the

elderly.

Abbreviations
aLM, appendicular lean mass; ALT, alanine transaminase;

aSM, appendicular skeletal muscle mass; aSMI, appendi-

cular skeletal muscle mass index; BIA, bioelectrical impe-

dance analysis; ECW, extracellular water; eGFR,

estimated glomerular filtration rate; FFM, fat free mass;

FM, fat mass; GOT, glutamic-oxalacetic transaminase;

ICW, intracellular water; PBF, percentage of body fat;

SE, standard error; SMM, skeletal muscle mass; SLM,

soft lean mass; TBW, total body water; tSMI, trunk skele-

tal muscle mass index; tSM, trunk skeletal muscle mass.
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