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Factors Associated With Longitudinal QOL
Change in Patients With Chronic Liver Diseases
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Abstract. Aim: To examine the relationship between
longitudinal quality of life (QOL) change, as assessed by
the 36-Item Short Form Health Survey (SF-36), sarcopenia-
related factors and body composition in patients with
chronic liver diseases (CLDs). Patients and Methods: Data
from patients with CLDs (n=184) were retrospectively
analyzed, focusing on factors associated with the difference
of physical and mental component summary score (PCS and
MCS) in SF-36 between the two visits (Apcg and Aycg).
The difference of serum albumin level, body mass index
(BMI), arm circumference, arm muscle circumference, grip
strength (GS), skeletal muscle index, extracellular to total
body water ratio between the two visits were included into
the multiple regression analysis. Results: Ay pumin
(p=0.0325) and Agg (p<0.0001) were independent factors
linked to Apcg. Ayipumin (P=0.0005) and Agyy (p=0.0232)
were independent factors linked to Aycg. Conclusion:
Significance of serum albumin level, muscle strength and
body composition on health-related QOL in CLD patients
should be emphasized.

Skeletal muscle is an “endocrine organ” that secretes
myokines, which regulate glucose and lipid homeostasis
throughout the body as well as protein synthesis in muscle
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tissue (1). Sarcopenia is a condition accompanied by
decrease of skeletal muscle mass (SMM) and strength or
physical function (2, 3). Regarding mechanisms of
developing sarcopenia in patients with chronic liver diseases
(CLDs), the involvement of numerous factors (aging, protein
energy malnutrition, insulin resistance, signal transduction
related to SMM protein synthesis and degradation,
myokines, and sex hormones, efc.) can be considered (4-6).
Sarcopenia can also result in health-related quality of life
(QOL) decline and be linked to poor outcomes in CLD
patients (4, 7-9). The most widely accepted evaluation tool
for patient health-related QOL is the 36-Item Short Form
Health Survey (SF-36, self-reported questionnaire) (10-12).
On the other hand, body composition analysis can be suitable
for the evaluation of nutritional status in routine clinical
settings as it involves simple and minimally invasive
procedures (13, 14).

QOL decline in patients with nonalcoholic fatty liver
disease was reported to be associated with body
composition (15). A decrease in arm circumference (AC) or
arm muscle circumference (AMC), which are indicators of
hypoalbuminemia and energy deficiency, can adversely
affect the prognosis of cirrhotic patients (16). Extracellular
water (ECW) to total body water (TBW) ratio (ECW/TBW)
using bioelectrical impedance analysis (BIA), which reflects
the severity of edematous status in the cell, can reflect the
severity of liver fibrosis and be a prognostic marker for
cirrhotic patients (17).

In our preceding cross-sectional study, we reported the
relationship between sarcopenia-related factors (i.e., muscle
strength and muscle mass) and QOL decline in CLD
patients (18). However, factors associated with longitudinal
QOL change in CLD patients are not largely unknown. To
clarify these problems, we sought to examine the
relationship between longitudinal QOL change and
sarcopenia-related factors and body composition data, in
CLD patients.
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Figure 1. Our study design. PCS, Physical component summary score;
MCS, mental component summary score; BMI, body mass index; AC,
arm circumference; AMC, arm muscle circumference; GS, grip strength;
SMI, skeletal muscle index; ECW/TBW, extracellular water to total body
water ratio. Differences between the two visits (value at second visit —
value at first visit) were calculated for PCS, MCS, serum albumin level,
BMI, AC, AMC, GS, SMI and ECW/TBW (APCS, AMCS Aalbumin,
ABMI, AAC, AAMC, AGS, ASMI and AECW/TBW, respectively).

Patients and Methods

Patients. A total of 184 CLD individuals who visited Hyogo College
of Medicine Hospital between December 2013 and April 2018 were
analyzed using a retrospective computerized database. All analyzed
patients were periodically followed during the observation period.
Clinical features, data for SF-36 and body composition and laboratory
findings recorded at baseline (first visit for the assessment of QOL
using SF-36) and second visit for the assessment of QOL using SF-
36 were collated. Diagnosis for cirrhosis was determined according
to the current guidelines (19). The most suitable intervention for each
underlying liver disease was performed (19-22).

SF-36. All patients were asked to complete the Japanese version of
the SF-36. The Japanese version of the SF-36 is classified into
multi-item (eight items) scales: physical functioning, role physical,
bodily pain, general health perception, vitality, social functioning,
role emotion, and mental health (23). Based on these 8 scales, the
physical component summary score (PCS) and the mental
component summary score (MCS) were calculated for each patient.

Muscle strength and muscle mass measurement. At first visit and
second visit, measurements of muscle strength [grip strength (GS)
in this study] and SMM were also performed based on previous
reports (3). For the evaluation of SMM, BIA was performed using
InBody 720 (InBody Japan Itd., Tokyo, Japan) to calculate
appendicular muscle mass. Skeletal muscle index (SMI) was
calculated as sum of SMM in upper and lower extremities divided
by height squared (kg/m?2).

Variables analyzed. The analyzed variables were PCS, MCS, serum
albumin level (g/dl), body mass index (BMI, kg/m2), AC (cm), AMC
(cm), GS (kg), SMI (kg/m2), ECW/TBW in BIA. Differences
between the two visits (value at second visit — value at first visit) were
calculated for PCS, MCS, serum albumin level, BMI, AC, AMC, GS,
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Table 1. Baseline characteristics (n=184).

Variables All cases (n=184)
Age (years) 62.0+11.8
Gender, male/female 84/100
Liver disease etiology

HCV/HBV/others 157/13/14
Presence of cirrhosis, yes/no 46/138
Body mass index (kg/m?2) 229434
SMI (kg/m2), male 7.6+0.9
SMI (kg/m2), female 5.9+0.7
Grip strength (kg), male 36.6+7.9
Grip strength (kg), female 20.3+4.5
Arm circumference (cm) 28.6+3.1
Arm muscle circumference (cm) 23.8+3.1
ECW/TBW 0.390+0.008
PCS 46.7£12.2
MCS 51.9+9.2
Total bilirubin (mg/dl) 1.0£0.5
Serum albumin (g/dl) 4.1+0.4
Prothrombin time (INR) 1.1+20.2
Platelet count (x104/mm3) 15.9+6.4
AST (1U/1) 36.0+24.1
ALT (IU/) 34.0+30.2
eGFR (ml/min/1.73 m2) 83.0+20.5

Data are expressed as number or mean value (standard deviation). HCV,
Hepatitis C virus; HBV, hepatitis B virus; SMI, skeletal muscle index;
ECW, extracellular water; TBW, total body water; PCS, physical
component summary score; MCS, mental component summary score;
AST, aspartate aminotransferase; ALT, alanine aminotransferase; eGFR,
estimated glomerular filtration rate.

SMI and ECW/TBW (Apcs. Ayics Aatbumin: Apmr: Aac» Aamc: Acss
Ay and Agcw rpws Tespectively). Correlation of Apcg and Ayeg
with Aypymin: Apmr- Aac: Aamc: Ags: Aswr and Agcyyrpw were
retrospectively examined. Factors associated with Apcg and Ayycg
were also tested using multiple regression analysis (Figure 1).

The study protocol rigorously conformed to the 1975 Helsinki
Declaration, and approval of ethics was obtained from the
institutional review board in our hospital (approval number: 2296).
An opt out method was employed.

Statistical analysis. Continuous variables were presented as mean
value (xstandard deviation (SD). Normality was assessed by
Shapiro-Wilk test and comparison of continuous variables was
performed using the Pearson correlation coefficient r. Multivariate
regression analysis with multiple predictive factors (least squares
method) was used to identify candidate factors. The JMP version
14.0 software (SAS Institute, Cary, NC, USA) was employed to
analyze data statistically (significant level, p-value below 0.05).

Results

Patient characteristics. Of the 184 CLD patients, 84 (45.7%)
were men, and the mean age was 62.0+11.8 years. There were
138 patients (75.0%) with non-cirrhosis and 46 patients
(25.0%) with cirrhosis. There was no patient with overt hepatic
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Figure 2. Correlation between Apcg and Ayycg for all cases (n=184).

Table II. Correlation of Apcg and Aycg with Aalbumin, Agyy, Ayc,
Aamicr Ags, Asyr and Agcowrpw for all cases.

All cases Apcs Anics

r p-Value r p-Value
Albumin 0.28 0.0001 0.30 <0.0001
Agmr 022 0.0027 0.16 0.0252
Apc 0.29 <0.0001 0.08 0.2669
Aanmc -0.05 0.5447 -0.14 0.0621
Ags 0.41 <0.0001 0.12 0.1091
Asmr 0.06 0.4287 0.09 0.2356
Agcw/TBW -0.17 0.0230 -0.08 0.2589
Ay ariable- Difference of the variable between the two visits (value at second

visit — value at first visit); PCS, physical component summary score; MCS,
mental component summary score; BMI, body mass index; AC, arm
circumference; AMC, arm muscle circumference; GS, grip strength; SMI,
skeletal muscle index; ECW, extracellular water; TBW, total body water.

encephalopathy, hepatocellular carcinoma, or severe ascites at
baseline. The main liver disease etiology was hepatitis C virus
(157 cases, 85.3%). The mean time interval between baseline
(first visit) and second visit was 1.2+1.0 years. The mean PCS
and MCS at baseline were 46.7+12.2 and 51.949.2,
respectively. The baseline clinical characteristics and laboratory
data of all analyzed patients are summarized in Table I.

Correlation between Apcg and Aycs and Aypumine Aemr
Ayc, Aayier Ags Asyr and Agcwrpw for all cases. The
mean Apcg and Ay cg for all cases were 0.4x10.4
and -0.6+8.4, respectively. Apcg did not significantly
correlate with Ayeg (r=0.10, p=0.1585) (Figure 2). The
mean  Agjpymin, Apmr: Aacs Aamcs Agss Asmr, and
Agcw/ew for all cases were 0.1+0.3 g/dl, -0.2x1.0

Table III. Correlation of Apcg and Aycs with Agypymin: Ay Aacs
Asymcr Agss Asyr and Agewrpw Jor LC cases and non-LC cases.

LC Apcs Anmcs

r p-Value r p-Value
Ajibumin 0.39 0.0074 049 0.0006
Apmr 0.08 0.6137 0.09 0.5352
Apc 0.34 0.0209 0.22 0.1342
Aamc -0.14 0.3481 -0.18 0.2227
Ags 0.49 0.0006 0.34 0.0212
Agmp -0.07 0.6316 0.01 0.9514
AECW/TBW -0.25 0.0882 -0.17 0.2710
Non-LC Apcs Amcs

r p-Value r p-Value
Ajibumin 0.17 0.0494 0.21 00118
ApMmr 0.27 0.0013 0.18 0.032
Apc 0.24 0.0041 0.02 0.8100
Aamc 0.00 0.9804 -0.12 0.1530
Ags 0.35 <0.0001 0.03 0.7563
Agmp 0.18 0.0313 0.14 0.0944
AECW/TBW -0.07 0.4489 -0.03 0.7259

A\ ariable- Difference of the variable between the two visits (value at second
visit — value at first visit); PCS, physical component summary score; MCS,
mental component summary score; BMI, body mass index; AC, arm
circumference; AMC, arm muscle circumference; GS, grip strength; SMI,
skeletal muscle index; ECW, extracellular water; TBW, total body water.

kg/m?, -0.2+1.1 cm, —1.3+1.9 cm, —0.1£3.1 kg, —-0.03+0.28
kg/mz, and 0.0003+0.005, respectively.

Aibumin (7=0.28, p=0.0001), Ay (r=0.22, p=0.0027),
Apc (r=0.29, p<0.0001), Agg (r=0.41, p<0.0001), and
Agcwrew (r=—0.17, p=0.0230) significantly correlated with
Apcs- Aupumin (7=0.30, p<0.0001) and Agpy (r=0.16,
p=0.0252) had significant correlation with Ay;cg (Table II).

Correlation between Apcg and Apycs and A yipymine Apmn
Apcr Aayier Ags: Asyp and Agcwrpw for liver cirrhosis
(LC) cases (n=46). The mean Apcg and Ay cg for LC cases
were 2.8+13.0 and 0.3+8.1, respectively. The mean Ay min
Apmris Aacs Aamcs Acs» Asmr> and Agcwrpw for LC cases
were 0.2+0.4 g/dl, 0.2+1.2 kg/m?, 0.1+1.2 cm, —1.4+1.8 cm,
0.4+3.6 kg, -0.1+0.4 kg/mz, and —0.001+0.006, respectively.

Agibumin (7=0.39, p=0.0074), A ¢ (r=0.34, p=0.0209), and
Ags (r=0.49, p=0.0006) significantly correlated with Apcg.
Agibumin ('=0.49, p=0.0006) and Agg (r=0.34, p=0.0212) had
significant correlation with Ay;cq (Table III).

Correlation between Apcg and Aycg and Apmine Apmn

Aper Aamer Ags. Asyp and Agpcwrpw for non-LC cases
(n=138). The mean Apcg and Ayicg for non-LC cases
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Table IV. Correlation of Apcg and Aycs wWith Apymin: Aacr Aamcs
Ags, Agyy and Agcwrpw for LC male and female.

Male Apcs Ancs

r p-Value r p-Value
Abumin 0.30 0.0048 0.28 0.0100
Apmi 0.20 0.0635 0.21 0.0604
Apc 0.25 0.0201 0.04 0.7126
Apnmc -0.04 0.7091 -0.02 0.8314
Ags 0.40 0.0002 -0.01 0.9603
ANVt -0.19 0.0808 0.05 0.6206
Agcw/TBW -0.18 0.0993 -0.09 04122
Female Apcs Amcs

r p-Value r p-Value
Ajlbumin 0.26 0.0091 0.31 0.0017
Agmr 0.25 0.0135 0.15 0.1314
Apc 0.31 0.0014 0.11 0.2668
Apnmc -0.04 0.6927 -0.21 0.0360
Ags 043 <0.0001 0.24 0.0182
Agmr 0.24 0.0169 0.12 0.2478
Agcw/TBW -0.16 0.1018 -0.08 0.4578
A\ ariable- Difference of the variable between the two visits (value at second

visit — value at first visit); PCS; physical component summary score, MCS;
mental component summary score, BMI; body mass index, AC; arm
circumference, AMC; arm muscle circumference, GS; grip strength, SMI;
skeletal muscle index, ECW; extracellular water, TBW; total body water.

were —0.4+9.3 and —0.9£8.5, respectively. The mean A min.
Apmri Aac> Aamcs Agss Asmr and Agcwrpw _for non-LC
cases were 0.03+028 g/dl, —03+1.0 kg/m?, —0.3x1.1
cm, —1.3+1.9 cm, —0.3+2.9 kg, —0.01£0.23 kg/m?, and
0.0008+0.004, respectively.

Atbumin (7=0.17, p=0.0494), Ay (r=0.27, p=0.0013),
Apc (r=0.24, p=0.0041), Agg (r=0.35, p<0.0001), and Agpg
(r=—0.18, p=0.0313) significantly correlated with Apcg.
Atbumin (r=0.21, p=0.0118) and Agyy (r=0.18, p=0.0320)
had significant correlation with Ay g (Table III).

Correlation between Apcg and Ayes and A yipymine Asmr
Aper Aames s, Aspyp and Agcwrpw for male cases
(n=84). The mean Apcg and Aycg for male cases
were —0.4+8.9 and -1.2+8.1, respectively. The mean
Agibumin> Apm1> Aac> Aamcs Acs» Asmr» and Agcywrpw for
male cases were 0+0.34 g/dl, —0.03+1.0 kg/m?, —0.3+1.1
cm, —1.2+1.7 cm, -0.2+3.5 kg, —0.03+0.29 (kg/mz), and
0.0004+0.005, respectively.

Aibumin (r=0.30, p=0.0048), A, (=0.25, p=0.0201), and
Ags (r=0.40, p=0.0002) significantly correlated with Apcg.
Abumin (7=0.28, p=0.010) had significant correlation with
Apcs (Table V).
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Table V. Multiple regression analysis linked to Apcg and Ayycg.

Apcs Estimates Standard error p-Value
Ajlbumin 4.884 2.266 0.0325
Apmr 0.239 1.241 0.8476
Apc 1.596 1.091 0.1454
Apamce -0.137 0.388 0.7247
Ags 1.039 0.252 <0.0001

Agyy -1.889 3.400 0.5792
Agcw/TBW 95.487 197.064 0.6286
Apics Estimates Standard error p-Value
Albumin 6.855 1.922 0.0005
Apmr 241 1.052 0.0232
Apc -1.64 0.925 0.0781

Aamc -0.426 0.329 0.1977
Ags 0.013 0214 0.9501

Agmr 1.425 2.883 0.6218
AEcw/TBW -116.245 167.087 0.4875

A\ ariable> Difference of the variable between the two visits (value at second
visit — value at first visit); PCS, physical component summary score; MCS,
mental component summary score; BMI, body mass index; AC, arm
circumference; AMC, arm muscle circumference; GS, grip strength; SMI,
skeletal muscle index; ECW, extracellular water; TBW, total body water.

Correlation between Apcg and Ayycs and Ayypumin Apmr Aacs
Aavics Acs Ay, and Ageyyrgw for female cases (n=100). The
mean (+£SD) Apcg and Ay;cg for female cases were 1.0+11.5
and 0+8.6, respectively. The mean (+SD) A pumins Agmr> Aacs
Aamcs Agss Asmp. and Agcewpw for female cases were
0.1+0.32 g/dl, —0.3%1.1 kg/m?,-0.21.1 cm, -1 4+2.0 cm, 0+2.8
kg, —0.03+0.27 kg/m?, and 0.0002+0.004, respectively.

Abumin (7=0.26, p=0.0091), Agypp (r=0.25, p=0.0135),
Apc (r=0.31, p=0.0014), Agg (r=0.43, p<0.0001), and Agpg
(r=0.24, p=0.0169) significantly correlated with Apcg.
Abumin 7=0.31, p=0.0017) and A ppjc (r=—0.21, p=0.0360)
had significant correlation with Ay;cg (Table IV).

Multiple regression analysis linked to Apcg and Ay for all
cases. Results for multiple regression analysis associated
with Apcg and Aycg are shown in Table V. A,jpumin
(p=0.0325) and Agg (p<0.0001) were independent factors
linked to Apcg. Agjpumin (?=0.0005) and Agpyp (p=0.0232)
were independent factors linked to Ayycs.

Discussion

In 1946, the WHO proposed that “health indicates a state of very
good and stable physical, psychological and social well-being
and not merely the absence of disease” (18). By recent years,
there have been changes in the medical and social context, such
as changes in the structure of diseases, the achievement of
longevity, and a re-evaluation of the value of living well. In this
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context, the concept of health-related QOL has developed and
gained importance as a goal of treatment and care. QOL
improvement is now an indispensable perspective in the medical
and health care fields. As far as we are aware, longitudinal
studies in CLD patients focusing on sarcopenia-related factors
and body composition in QOL research are rare. As CLD
generally involves long disease duration and a lot of liver
disease-related events are expected to occur during the clinical
course, this study focusing on changes of QOL is considered to
be of clinical importance. In CLD patients, hepatic events or
severity of liver fibrosis as well as aging can be associated with
QOL decline (24). However, in our data, Apcg did not
significantly correlate with Ayjcg (7=0.10). Factors linked to
Apcg and Aycg should be therefore analyzed separately. There
were 92 patients (50.0%) with Apcg>0 and 85 patients (46.2%)
with Apjcs>0 in our data. Various interventions for underlying
liver diseases were done in our cohort, and appropriate
interventions may improve QOL in CLD patients.

In the current study, comprehensive analyses regarding the
impact of sarcopenia-related factors and body composition
data on the longitudinal QOL change in patients with CLDs
were performed. Multiple regression analysis identified
Aibumin @and Agg as significant factors linked to Apcg, and
Agipumin and Agypp as significant factors linked to Ayycg. To
conclude, a decline of serum albumin level can be helpful for
QOL decline both physically and mentally, and reduced GS
rather than SMM can be linked to physical QOL decline,
while reduced BMI can result in mental QOL decline in CLD
patients. Serum albumin level, GS, and BMI can be easily
obtained in daily clinical practice. Thus, our results appear to
be clinically meaningful, and when these markers worsen in
CLD patients, clinicians should be aware of QOL decline. On
the other hand, AC reflects SMM and fat mass, while AMC
reflects SMM (16). Both markers were not significant in
multiple regression analysis, however, A, significantly
correlated with Apcg for all cases and for all subgroups in the
univariate analysis. Hence, anthropometric assessment in CLD
patients can be essential for the change of physical condition.

It is unclear why the decline of muscle strength can better
predict the exacerbation of physical QOL in patients with
CLDs, compared to SMM decline. One possible reason is that
muscle strength decline occurs 2-5 times faster than SMM
loss, which can be linked to the physical QOL decline (25).
Another possible reason is that muscle strength decline is
associated with hormonal changes such as insulin-like growth
factors 1 and testosterone, potentially resulting in exacerbation
of physical condition (26). GS can be a representative marker
for whole-body muscle strength and has been shown to be an
independent marker of nutrition (27). However, in non-LC
patients and in female patients, Agy significantly correlated
with Apcg. While the present study emphasizes the importance
of GS on the deterioration of physical condition, it does not
deny the importance of SMM on physical QOL.

The limitations of our study must be acknowledged. First,
the retrospective nature of the study limits the evaluation of
factors influencing QOL such as life circumstances. Second,
SF-36 is a subjective assessment tool, and not objective one,
and CLDQ questionnaires specific to QOL in CLD patients
were not used in this study (28). Third, our data were based
on Japanese CLD patient data; further studies on other
cohorts will be needed to extend the application. Finally,
several interventions for CLD patients in the observation
period have been performed, creating bias for QOL decline.
Thus, interpretation with caution to the results will be needed.
However, our results denoted that chronological decline of
serum albumin or GS was associated with a decline in
physical QOL and chronological decline of serum albumin or
BMI was associated with a decline in mental QOL.

In conclusion, decreased serum albumin level, muscle
strength decline and poor body composition can be
associated with QOL decline in CLD patients. Therefore, we
would like to emphasize the significance of these factors in
health-related QOL in CLD patients.
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