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A B S T R A C T   

Despite the increasing health burden of chronic hepatitis B (CHB) in aging populations, little is known about the 
course of health-related quality of life (HRQoL) changes. We aimed to assess individual-level longitudinal HRQoL 
changes in elderly patients with CHB and to examine their correlates. A prospective 5.1 years-cohort study was 
conducted in community-dwelling adults aged 55 years with hepatitis B surface antigen-positive. Participants 
underwent serial measurement of HRQoL using the short-form (12) health survey version 2. Of 503 participants, 
82.7% remained in good physical health throughout the study period, whereas 9.1% had declining physical 
health and 8.2% were in poor physical health. We likewise identified three trajectories of mental health changes 
(“good mental health” [86.9%], “declining mental health” [6.8%], and “poor mental health” [6.4%]). Three 
baseline characteristics were independently associated with a lower likelihood of remaining physically or 
mentally healthy: sarcopenic obesity (odds ratio [OR] with 95% confidence interval [95% CI] of 7.5 [2.8–20.5] 
for poor physical health, 3.1 [1.1–8.4] for declining physical health, 4.3 [1.4–13.0] for poor mental health), a 
higher number of metabolic abnormalities (OR [95% CI] of 3.6 [1.6–8.0] for poor physical health) and depressed 
mood (OR [95% CI] of 21.7 [5.8–81.0] for poor physical health, 5.3 [1.4–19.9] for declining physical health, 
83.1 [19.7–350.2] for poor mental health, 13.6 [2.9–64.8] for declining mental health). In conclusion, in a 
cohort of elderly patients with CHB, we demonstrated the heterogeneity and nonlinearity of HRQoL changes and 
their associations with variations in specific extrahepatic organs/systems.   

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BIC, Bayesian information criterion; BMI, body mass index; BP, blood pressure; 
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Resistance; HRQoL, health-related quality of life; hsCRP, high-sensitivity C-reactive protein; MCS, Mental Component Summary; MMSE, Mini-Mental State Exam-
ination; OR, odds ratio; PCS, Physical Component Summary; SF-12v2, the Short Form (12) Health Survey version 2; 95% CI, 95% confidence interval. 

* Corresponding author at: Institute of Population Health Sciences, National Health Research Institutes, 35 Keyan Road, Zhunan, Miaoli County 35053, Taiwan. 
E-mail address: icwu@nhri.edu.tw (I.-C. Wu).  

Contents lists available at ScienceDirect 

Preventive Medicine Reports 

journal homepage: www.elsevier.com/locate/pmedr 

https://doi.org/10.1016/j.pmedr.2021.101432 
Received 6 January 2021; Received in revised form 14 April 2021; Accepted 7 May 2021   

mailto:icwu@nhri.edu.tw
www.sciencedirect.com/science/journal/22113355
https://www.elsevier.com/locate/pmedr
https://doi.org/10.1016/j.pmedr.2021.101432
https://doi.org/10.1016/j.pmedr.2021.101432
https://doi.org/10.1016/j.pmedr.2021.101432
http://creativecommons.org/licenses/by-nc-nd/4.0/


Preventive Medicine Reports 23 (2021) 101432

2

1. Introduction 

Chronic hepatitis B (CHB) causes substantial health loss globally, and 
the burden of CHB is rising, driven in large part by an aging population 
(Stanaway et al., 2016). The risk of CHB complications increases with 
age, and health risks for elderly with CHB might be further compounded 
by the high prevalence of comorbid conditions, and frailty, as well as 
widely heterogeneous characteristics (Beard et al., 2016; Chen et al., 
2010; Lai et al., 2018). As more patients with CHB survive into old age, 
the complexity and heterogeneity of their presentation pose challenges 
in meeting their health needs. An understanding of the course of health 
changes in later life in these patients is needed. 

Increasing life’s quality, not merely its duration, is a major goal of 
health care and is of particular concern in elderly patients with low 
mortality diseases (Beard et al., 2016; Powers et al., 2016; U.S. 
Department of Health and Human Services, 2018). Health-related 
quality of life (HRQoL), defined as “the value assigned to duration of 
life as modified by the impairments, functional states, perceptions, and 
social opportunities that are influenced by disease, injury, treatment, or 
policy,” is a direct and multidimensional measure of health (Calvert 
et al., 2013; Maruish, 2012; Patrick and Erickson, 1993; Powers et al., 
2016; U. S. Department of Health and Human Services F. D. A. Center for 
Drug Evaluation and Research, et al., 2009; Younossi et al., 2016). 
Derived directly from a patient’s perspective, HRQoL provides the ideal 
means of assessing the effect of medical conditions on health and health 
needs (Maruish, 2012; Patrick and Erickson, 1993; U. S. Department of 
Health and Human Services F. D. A. Center for Drug Evaluation and 
Research, et al., 2009; Younossi et al., 2016, 2018). A change in HRQoL 
precedes and predicts multiple health outcomes in elderly people (Dorr 
et al., 2006; Rumsfeld et al., 1999). HRQoL is recognized as a crucial 
endpoint in clinical trials nowadays (Calvert et al., 2013; U. S. Depart-
ment of Health and Human Services F. D. A. Center for Drug Evaluation 
and Research, et al., 2009). 

To date, it is unclear how health, as assessed by HRQoL, might 
change with time in older adults with CHB. Data derived from longitu-
dinal studies with multiple repeated assessments are required to esti-
mate the course of health change over time (health trajectory). 
Unfortunately, these data are scant, especially with regard to HRQoL in 
older patients with CHB. In this prospective study, we investigated the 
health trajectory in a cohort of older adults with CHB who have un-
dergone repeated measurements of HRQoL. The primary aim was to 
delineate patterns of HRQoL changes in elderly patients with CHB. To 
further explore the likely determinants of HRQoL changes in older adults 
with CHB, we also examined whether these patterns are distinguishable 
in terms of diverse baseline characteristics, including sociodemographic 
features, organ/system abnormalities, geriatric conditions, and 
comorbidities. 

2. Methods 

2.1. Study design and participants 

Healthy Aging Longitudinal Study in Taiwan (HALST) is a longitu-
dinal, observational study launched to investigate the determinants of 
healthy aging. As such, it recruited adults aged 55 years and older and 
living in Taiwan and oversampled adults aged 65 years and older (see 
the supplement) (Hsu et al., 2017). We analyzed data of the HALST. The 
study was approved by the Institutional Review Board of the National 
Health Research Institutes and its participating hospitals. 

At baseline assessment, 503 HALST participants were seropositive 
for hepatitis B surface antigen (HBsAg) (supplement) and were enrolled 
in the present study. Except in rare instances, most older residents in 
Taiwan who are seropositive for HBsAg acquired hepatitis B virus (HBV) 
perinatally before the age of 3 years and were chronically infected (Hsu 
et al., 1986). 

2.2. Assessment of HRQoL 

HRQoL was assessed using the short-form (12) health survey version 
2 (SF-12v2) scale at baseline and years 2, 3, and 5. SF-12 consists of 12 
items (questions) that assess the effects of medical conditions on mul-
tiple health domains, including physical functioning, physical role, 
bodily pain, general health, vitality, social functioning, emotional role, 
and mental health (Fuh et al., 2000; Ju et al., 2002; Maruish, 2012; 
Tseng et al., 2002). As a generic measure of HRQoL, SF-12 allows 
capturing of the effects of diverse comorbid conditions in older adults 
with CHB (Maruish, 2012; Ware, 1995). The scales of SF-12 are sum-
marized in two dimensions: the Physical Component Summary (PCS) 
and the Mental Component Summary (MCS). The PCS and MCS scores 
range from 0 to 100, with higher scores indicating better physical health 
and better mental health, respectively (Maruish, 2012). 

2.3. Assessment of baseline characteristics 

Sociodemographic, lifestyle, geriatric conditions, and comorbid 
diseases/conditions were comprehensively assessed during the baseline 
assessment (supplement) (Hsu et al., 2017). Hepatic complications of 
CHB (liver failure, ascites, esophageal varices, hepatic encephalopathy, 
hepatocellular carcinoma and liver fibrosis) and viral-load-lowering 
CHB treatment ever received were also assessed (supplement). The 
likelihood of concurrent advanced nonalcoholic steatohepatitis with 
fibrosis was also evaluated. 

2.4. Statistical analysis 

HRQoL was determined at the following time points: baseline and 
years 2, 3, and 5, and were analyzed in this study. We first modeled the 
individual-level trajectories of PCS and MCS score changes over time 
using group-based trajectory modeling (the PROC TRAJ procedure [SAS 
version 9.4 software; SAS Institute Inc., Cary, NC, USA]) (Nagin, 2005). 
In this procedure, individual-level heterogeneity in trajectories is 
modeled by fitting a semiparametric (discrete) mixture model to the 
longitudinal data of PCS and MCS scores by using the maximum likeli-
hood method (Jones and Nagin, 2007; Nagin, 2005). The Bayesian in-
formation criterion (BIC) was applied to evaluate model fit and to 
determine the number of trajectories (Jones and Nagin, 2007; Nagin, 
2005). Models that included a small (<5%) trajectory group were 
rejected. Adequacy of the model was assessed by examining the average 
posterior probabilities of membership of each trajectory (Jones and 
Nagin, 2007; Nagin, 2005). 

We next assessed and compared the baseline characteristics of par-
ticipants assigned to different HRQoL trajectories. Continuous data are 
expressed as the mean ± standard deviation, and categorical data are 
expressed as numbers and percentages. Categorical variables were 
compared using the chi-square test or Fisher’s exact test, and one-way 
analysis of variance was applied for continuous variables. Independent 
associations of baseline characteristics with HRQoL trajectories were 
examined using multinomial logistic regression analyses. The regression 
coefficient (e.g., B) for a variable in the logistic regression model rep-
resents change in the log odds associated with one-unit change in the 
variable. e raised to the power B represents the fold change in the odds 
associated with one-unit change in the variable (odds ratio). A two-sided 
p < .05 was considered significant. All the analyses were performed 
using SAS version 9.4, SPSS Version 25.0 (IBM Corp., Armonk, NY, USA) 
and R versions 3.6.0 (R Foundation for Statistical Computing). 

3. Results 

Participants characteristics at baseline are shown in Table 1. None of 
them had human immunodeficiency virus infection/acquired immune 
deficiency syndrome or viral hepatitis other than hepatitis B or C. The 
mean BMI was 24.4 ± 3.7 kg/m2. The mean PCS score was 47.42 ± 8.06, 
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and the mean MCS score was 59.17 ± 7.84 at baseline. 

3.1. Trajectories of physical health and mental health changes 

Group-based trajectory modeling analysis yielded three distinct 
trajectories of PCS score changes over a mean follow-up time of 5.1 
years: “poor physical health” (group 1); “good physical health” (group 
2); and “declining physical health” (group 3) (Fig. 1A; Supplementary 

Table 1). For the MCS score, we likewise identified three distinct tra-
jectories of changes: “poor mental health” (group 1); “good mental 
health” (group 2); and “declining mental health” (group 3) (Fig. 1B; 
Supplementary Table 1). 

3.2. Trajectory groups differed in diverse baseline characteristics 

Participants who experienced different trajectories of PCS changes 

Table 1 
Baseline characteristics of study participants by health-related quality of life trajectory groups. a    

PCS Trajectory Groups MCS Trajectory Groups  

Total Group 1 Group 2 Group 3 Pb Group 1 Group 2 Group 3 Pb   

(Poor Physical 
Health) 

(Good 
Physical 
Health) 

(Declining 
Physical 
Health) 

(Poor Mental 
Health) 

(Good Mental 
Health) 

(Declining 
Mental 
Health)  

(n = 503) (n = 41) (n = 416) (n = 46) (n = 32) (n = 437) (n = 34) 

Sociodemographic characteristics 

Age, y, mean (SD) 67.3 (7.8) 71.4 (9.3) 66.7 (7.5) 68.7 (7.8)  <0.001 68.4 (7.8) 67.1 (7.8) 68.7 (8.4)  0.340 
Sex          0.005        0.001 

Female 234 (46.5) 24 (58.5) 180 (43.3) 30 (65.2)  22 (68.8) 189 (43.2) 23 (67.6)  
Male 269 (53.5) 17 (41.5) 236 (56.7) 16 (34.8)  10 (31.3) 248 (56.8) 11 (32.4)  

Marital status          0.001        <0.001 
Not married 102 (20.3) 15 (36.6) 72 (17.3) 15 (32.6)  15 (46.9) 78 (17.8) 9 (26.5)  
Married 401 (79.7) 26 (63.4) 344 (82.7) 31 (67.4)  17 (53.1) 359 (82.2) 25 (73.5)   

Lifestyle characteristics 
Smoking          0.221        0.580 

Never 340 (67.6) 28 (68.3) 275 (66.1) 37 (80.4)  23 (71.9) 292 (66.8) 25 (73.5)  
Ever 88 (17.5) 9 (22.0) 73 (17.5) 6 (13.0)  7 (21.9) 76 (17.4) 5 (14.7)  
Current 75 (14.9) 4 (9.8) 68 (16.3) 3 (6.5)  2 (6.3) 69 (15.8) 4 (11.8)  

Alcohol drinking          0.030        0.783 
Never 301 (59.8) 28 (68.3) 242 (58.2) 31 (67.4)  22 (68.8) 259 (59.3) 20 (58.8)  
Ever 68 (13.5) 9 (22.0) 52 (12.5) 7 (15.2)  3 (9.4) 59 (13.5) 6 (17.6)  
Current 134 (26.6) 4 (9.8) 122 (29.3) 8 (17.4)  7 (21.9) 119 (27.2) 8 (23.5)   

Diseases 
Diabetes mellitus 135 (26.8) 21 (51.2) 99 (23.8) 15 (32.6)  0.001 11 (34.4) 112 (25.6) 12 (35.3)  0.288 
Cardiovascular disease 88 (17.5) 15 (36.6) 62 (14.9) 11 (23.9)  0.001 8 (25.0) 74 (16.9) 6 (17.6)  0.511 
Arthritis 73 (14.5) 16 (39.0) 48 (11.5) 9 (19.6)  <0.001 3 (9.4) 60 (13.7) 10 (29.4)  0.031 
Hypertension 235 (46.7) 26 (63.4) 189 (45.4) 20 (43.5)  0.080 14 (43.8) 205 (46.9) 16 (47.1)  0.941 
Stroke 21 (4.2) 5 (12.2) 15 (3.6) 1 (2.2)  0.025 0 (0.0) 17 (3.9) 4 (11.8)  0.041 
Cancer 36 (7.2) 2 (4.9) 32 (7.7) 2 (4.3)  0.593 3 (9.4) 31 (7.1) 2 (5.9)  0.851 
Lung diseases 18 (3.6) 0 (0.0) 17 (4.1) 1 (2.2)  0.351 2 (6.3) 13 (3.0) 3 (8.8)  0.147 
Chronic kidney disease 62 (12.3) 10 (24.4) 47 (11.3) 5 (10.9)  0.049 3 (9.4) 53 (12.1) 6 (17.6)  0.559 
Dementia 1 (0.2) 0 (0.0) 1 (0.2) 0 (0.0)  0.901 0 (0.0) 1 (0.2) 0 (0.0)  0.927 
Hepatitis C 14 (2.8) 0 (0.0) 10 (2.4) 4 (8.7)  0.026 0 (0.0) 13 (3.0) 1 (2.9)  0.612 
Chronic hepatitis B 

treatment 
26 (5.2) 4 (9.8) 20 (4.8) 2 (4.4)  0.382 3 (9.4) 22 (5.0) 1 (2.9)  0.470  

Hepatic complications 
Liver failure 3 (0.6) 1 (2.4) 2 (0.5) 0 (0.0)  0.258 0 (0.0) 3 (0.7) 0 (0.0)  0.796 
Ascites 6 (1.2) 1 (2.4) 5 (1.2) 0 (0.0)  0.579 1 (3.1) 4 (0.9) 1 (2.9)  0.338 
Varices/varices bleeding 5 (1.0) 0 (0.0) 5 (1.2) 0 (0.0)  0.589 1 (3.1) 4 (0.9) 0 (0.0)  0.398 
Hepatic encephalopathy 2 (0.4) 0 (0.0) 2 (0.5) 0 (0.0)  0.810 1 (3.1) 1 (0.2) 0 (0.0)  0.040 
Hepatocellular carcinoma 12 (2.4) 2 (4.9) 8 (1.9) 2 (4.3)  0.329 1 (3.1) 9 (2.1) 2 (5.9)  0.359 
FIB-4, mean (SD) 2.3 (2.2) 2.8 (2.3) 2.3 (2.2) 2.3 (1.1)  0.289 2.4 (1.8) 2.3 (2.2) 1.9 (0.8)  0.578 
Cirrhosis (FIB-4 greater 

than 0.7) 
5 (1.0) 2 (4.9) 3 (0.7) 0 (0.0)  0.030 0 (0.0) 4 (0.9) 1 (2.9)  0.436  

Metabolic health 
Number of metabolic 

abnormalities          
0.001        0.020 

Low 337 (67.0) 17 (41.5) 292 (70.2) 28 (60.9)  19 (59.4) 302 (69.1) 16 (47.1)  
High 166 (33.0) 24 (58.5) 124 (29.8) 18 (39.1)  13 (40.6) 135 (30.9) 18 (52.9)   

Geriatric conditions 
Sarcopenic obesity 37 (7.4) 11 (26.8) 19 (4.6) 7 (15.2)  <0.001 7 (21.9) 26 (6.0) 4 (11.8)  0.002 
Cognitive impairment 86 (17.1) 16 (39.0) 57 (13.7) 13 (28.3)  <0.001 9 (28.1) 65 (14.9) 12 (35.3)  0.002 
Depressed mood 19 (3.8) 7 (17.1) 8 (1.9) 4 (8.7)  <0.001 11 (34.4) 4 (0.9) 4 (11.8)  <0.001  

a Data are n (%) unless otherwise specified. PCS indicates Physical Component Summary score of the Short Form (12) Health Survey version 2; MCS, Mental 
Component Summary score of the Short Form (12) Health Survey version 2; and FIB-4, Fibrosis-4 Index for Liver Fibrosis.  

b Continuous variables were analyzed using a one-way analysis of variance, whereas categorical variables (proportions) were analyzed using the chi-square test or 
Fisher’s exact test.  
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and different trajectories of MCS changes differed significantly in soci-
odemographic characteristics and prevalence of metabolic abnormal-
ities, sarcopenic obesity, cognitive impairment, depressed mood, and 
diseases (Table 1). Also, compared with other groups, a larger propor-
tion of participants with poor physical health were former alcohol 
drinkers. There were no marked differences in proportion of participants 
receiving CHB treatment or having hepatic complications. 

The patterns of organ/system abnormalities differed between phys-
ical health trajectory groups (Fig. 2A). Marked deviations in the levels of 
body composition and metabolic markers, in addition to cognition and 
mood, were observed in participants who already had a very low PCS 
score at the beginning (Fig. 3A). A trend of similar deviations, although 
less in degree, was also noted in those who began with a near-normal 
PCS score but experienced a rapid decline thereafter (Fig. 3B). 

For mental health trajectory groups, patterns of organ/system 

abnormalities different from those associated with physical health tra-
jectories were noted (Fig. 2B). We observed deviations predominantly in 
cognition and mood measures in participants who already had a very 
low MCS score at the beginning of the study period (Fig. 3C). Deviations 
in muscle strength levels were also observed in this group of older adults 
with CHB. Participants who began with a high MCS score but experi-
enced a gradual decline over time had generally similar, although less 
pronounced, alterations in biomarkers (Fig. 3D). 

3.3. Associations of baseline characteristics with trajectory groups 

In multinomial logistic regression analyses after adjustment for 
multiple variables (Table 2), participants with a higher number of 
metabolic abnormalities had a 3.6-fold (95% confidence interval [95% 
CI], 1.6–8.0; p = .002) greater odds of already having a very low PCS 
score at the beginning of the study (poor physical health) than those 
without. Sarcopenic obesity was associated with as high as 7.5-fold 
(95% CI, 2.8–20.5; p < .001) greater odds of being in the poor phys-
ical health trajectory group and 3.1-fold (95% CI, 1.1–8.4; p = .028) 
greater odds of being in the declining physical health trajectory group. 
We observed similar results when insulin resistance was defined on the 
basis of an HOMA-IR greater than 1 (Supplementary Table 2). Inde-
pendent of other characteristics, depressed mood was associated with 
greater odds of being in the poor physical health trajectory group and of 
being in the declining physical health trajectory group (Table 2 and 
Supplementary Table 2). 

After adjustment for multiple variables, participants with depressed 
mood at baseline had an 83.1-fold (95% CI, 19.7–350.2; p < .001) 
greater odds of being in the poor mental health trajectory group and 
13.6-fold (95% CI, 2.9–64.8; p = .001) greater odds of being in the 
declining mental health trajectory group (Table 3). Interestingly, par-
ticipants with sarcopenic obesity also had greater odds of being in the 
poor mental health trajectory group (Table 3). Similar results were 
observed in the sensitivity analysis in which insulin resistance was 
defined on the basis of an HOMA-IR greater than 1 (Supplementary 
Table 3). 

4. Discussion 

Through group-based trajectory analysis of longitudinal data gath-
ered from serial examinations, we identified patterns of HRQoL changes 
among older adults with CHB. Moreover, we showed that the degree of 
extrahepatic organ/system abnormality (in particular, sarcopenic 
obesity, metabolic abnormalities, and depressed mood) was indepen-
dently associated with differential changes in physical and mental 
health in older adults with CHB. 

Health is featured by its dimensionality and encompasses two 
distinct major constructs: physical health and mental health (Maruish, 
2012; Salomon et al., 2003). As such, it is argued that attempts to 
measure health should include measurements of both physical and 
mental functioning and well-being (Maruish, 2012; Salomon et al., 
2003). This is particularly true for patients with chronic diseases 
(Stewart et al., 1989). In response to the need for assessing the health 
impacts of diseases, the concept of HRQoL was developed, and its 
measures were constructed (Maruish, 2012). 

Examination of the effects of chronic hepatitis on health as assessed 
by HRQoL represents a major focus of research. Using the Short Form 
Health Survey scale, multiple studies showed that chronic hepatitis C 
virus infection is significantly associated with both poor physical health 
and poor mental health (Boscarino et al., 2015; Younossi et al., 2016). 
However, much less is known about HRQoL in adults, particularly older 
adults, with CHB. 

This is the first study, to our knowledge, to identify distinct HRQoL 
trajectories that might occur in older adults affected by CHB. Traditional 
approaches of estimating a trajectory rely on substantial a priori as-
sumptions about the trajectory itself, including ad hoc classification 
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Fig. 1. Trajectories of health-related quality of life changes over time. Changes 
of the Physical Component Summary (PCS) (A) and Mental Component Sum-
mary (MCS) (B) scores of the Short Form (12) Health Survey version 2 over time 
since baseline assessment were modeled using a group-based trajectory 
modeling procedure. For the PCS score, 416 individuals (82.7%; group 2) were 
assigned to a trajectory featuring a persistently normal PCS score that did not 
change much over time (good physical health) (green lines), 46 (9.1%; group 3) 
to a trajectory featuring a rapid decline from an initially near-normal PCS score 
(declining physical health) (blue lines), and 41 (8.2%; group 1) to a trajectory 
that began with a very low PCS score (poor physical health) (red lines). For the 
MCS score, 437 individuals (86.9%; group 2) were assigned to a trajectory 
featuring a persistently high MCS score that did not change much over time 
(good mental health) (green lines), 34 (6.8%; group 3) to a trajectory featuring 
a gradual decline from an initially high-normal MCS score (declining mental 
health) (blue lines), and 32 (6.4%; group 1) to a trajectory that began with a 
very low MCS score (poor mental health) (red lines). Dashed lines represent 
identified trajectories; solid lines, predicted trajectories. The error bars repre-
sent 95% confidence intervals. (For interpretation of the references to colour in 
this figure legend, the reader is referred to the web version of this article.) 
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rules (Nagin, 2005). Group-based trajectory modeling, on the other 
hand, takes a data-driven approach and enables discovery of distinct 
courses of change that would otherwise be difficult to detect using 
traditional methods (Nagin, 2005). Applying this data-driven analytic 
approach, we showed that not all older adults with CHB experienced 
health decline. Those with normal initial physical health were most 
likely to stay healthy physically, whereas those with initial physical 
health that was near-normal (with marginally low PCS scores) were 
likely to experience a rapid decline in the following years. Those with 
very poor physical health at the beginning tended to remain unhealthy 
physically throughout the following years, although with a trend of 
increasing the PCS score over time. For mental health, we likewise 
identified three distinct trajectories. Those with good initial mental 
health were most likely to stay mentally healthy, and those with normal 
initial mental health (with high-normal MCS scores) were likely to 
experience a decline in the following years. Participants with poor 
mental health at the beginning tended to remain mentally unhealthy, 
with a trend of increasing MCS score over time. 

This study further provides an exploratory examination of diverse 
baseline characteristics in relation to the HRQoL trajectories in older 
adulthood, which may reveal some mechanistic hints. Obesity and 
related cardiometabolic risks are increasingly prevalent globally, espe-
cially in Asia (Ng et al., 2014; Yoon et al., 2006). Notably, an increasing 
amount of research indicates contribution of these risks to hepatic 
complications in patients with CHB (Huang et al., 2013; Stepanova et al., 
2010; Wong et al., 2009; Yu et al., 2017, 2008). Recent research suggests 
that, owing to their complex interrelationship, multiple metabolic ab-
normalities in aggregate may additionally increase the risk of hepatic 
complications of CHB (Yu et al., 2017). Our study showed that among 
older adults with CHB, those with multiple metabolic abnormalities are 
likely to have overall poor physical functioning and well-being. Inter-
estingly, we noticed that even among those with physical health still 
within normal limits, those simply having sarcopenic obesity were at a 
high risk of physical health decline in the near future. These associations 

are in general consistent with the emerging roles of skeletal muscle in 
the early pathogenic cascades of multiple obesity-related metabolic 
disorders (Lawan et al., 2018). In this study, we also observed an asso-
ciation of sarcopenic obesity with a mental health trajectory charac-
terized by poor baseline mental health, which agrees with recent studies 
(Hamer et al., 2015). 

We found that depressed mood at baseline was independently asso-
ciated with greater odds of being in poor mental health and declining 
mental health trajectory groups as well as greater odds of being in poor 
physical health and declining physical health trajectory groups. 
Although previous studies have demonstrated the high risk of depressed 
mood and its deleterious effects on HRQoL in patients with chronic viral 
hepatitis C (Boscarino et al., 2015; Gallegos-Orozco et al., 2003; Golden 
et al., 2005; Younossi et al., 2016), much less is known about mood 
disorders in patients with CHB. In this study, only 19 (3.8%) of 503 older 
adults with CHB had a depressed mood. In contrast to those with chronic 
hepatitis C, in whom a depression prevalence of 24.5% has been re-
ported (Younossi et al., 2016), a much lower prevalence was observed in 
patients with CHB (Carta et al., 2007). Despite its low prevalence, our 
study demonstrated that depressed mood in older adults with CHB might 
accompany mental health in a poor state or even precede its decline. 
Notably, we revealed an association between depressed mood and 
physical health that was either in decline or in a poor state. Cross- 
sectional studies have showed that patients with chronic hepatitis C 
who had depressive mood had poorer physical health in addition to 
poorer mental health (Gallegos-Orozco et al., 2003; Hauser et al., 2004). 
Interestingly, a recent observation in patients with chronic hepatitis C 
suggested that depression and poor physical health might share common 
risk factors (Boscarino et al., 2015). 

In contrast to other markers, fewer variations in hepatic marker 
levels existed among participants following different physical health and 
mental health trajectories. Also, we failed to observe significant differ-
ences among these participants in the prevalence of either hepatic 
complications or viral-load-lowering antiviral therapies. In multinomial 
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Fig. 3. Variation in biomarker levels across the health-related quality of life trajectory groups. Variation in the levels of organ/system biomarkers across Physical 
Component Summary score trajectory groups (A and B) and Mental Component Summary score trajectory groups (C and D) are shown. The biomarker levels (x-axis) 
are standardized. A value of 1 indicates that biomarker levels in participants of the trajectory group (group 1 [poor physical health] in A; group 3 [declining physical 
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biomarkers (y-axis) according to the standardized mean difference (from most positive to most negative). The biomarker levels of different organs/systems are shown 
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Table 2 
Multivariate-adjusted odds ratios of physical health trajectory groups associated with baseline characteristics.a   

Group 1 Group 3  
(Poor Physical Health) (Declining Physical Health) 

Characteristic Odds Ratio 95% CI P Odds Ratio 95% CI P 

Number of metabolic abnormalities       
Low  1.0 (Reference)   1.0 (Reference)  
High  3.6 1.6–8.0  0.002  1.3 0.7–2.6  0.419 

Sarcopenic obesity  7.5 2.8–20.5  <0.001  3.1 1.1–8.4  0.028 
Age per 1-y increase  1.0 1.0–1.1  0.082  1.0 1.0–1.1  0.286 
Male sex  1.1 0.4–3.5  0.857  0.6 0.2–1.5  0.298 
Married status  0.5 0.2–1.1  0.080  0.6 0.3–1.2  0.131 
Arthritis  7.2 3.0–17.2  <0.001  1.9 0.8–4.3  0.147 
Depressed mood  21.7 5.8–81.0  <0.001  5.3 1.4–19.9  0.013 
Smoking       

Never  1.0 (Reference)   1.0 (Reference)  
Ever  0.7 0.2–3.2  0.687  0.7 0.2–2.3  0.585 
Current  1.3 0.3–4.7  0.715  0.4 0.1–1.8  0.246 

Alcohol drinking       
Never  1.0 (Reference)   1.0 (Reference)  
Ever  2.2 0.7–7.0  0.165  2.1 0.7–6.2  0.164 
Current  0.5 0.1–1.9  0.295  1.1 0.4–2.7  0.892 

FIB-4  1.1 1.0–1.3  0.017  1.0 0.8–1.2  0.968  

a Relative to group 2 (good physical health). FIB-4 indicates Fibrosis-4 Index for Liver Fibrosis.  
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logistic regression analyses after adjustment for multiple variables, a 
higher FIB-4 index, indicating a greater likelihood of HBV-related liver 
fibrosis, was independently associated greater odds of being allocated to 
the poor physical health trajectory. However, no association was found 
with the declining physical health trajectory. After adjustment for other 
variables, the FIB-4 index was not associated with any mental health 
trajectories. The relationships of cirrhosis and its stages with physical 
health and mental health may be partly due to (or confounded by) 
sarcopenic obesity, depressed mood, and other comorbid conditions. 
Our findings are consistent with the results of previous works. Previous 
studies of patients with chronic hepatitis C found an association of 
cirrhosis with physical health only (Younossi et al., 2016). Other studies 
showed that after taking into account psychiatric disorders and other 
comorbid diseases, the severity of liver disease was no longer associated 
with physical health and mental health in patients with chronic liver 
disease (Hauser et al., 2004). Complex relationships between infection 
severity and HRQoL in CHB patients were illustrated by recent studies. 
In a group of 242 CHB patients, Younossi el al. showed that a decrease in 
HBV DNA by antiviral therapies was associated with an improvement in 
mental health but not in physical health (Younossi et al., 2018). HBV 
viral suppression was neither associated with improvements in physical 
health nor with improvements in mental health (Younossi et al., 2018). 

Our study has several limitations. First, this is an observational 
study. The possibility of residual confounding could not be excluded. 
Second, study participants consisted mainly of community-dwelling 
older adults with CHB, with very few having hepatic complications of 
CHB. Findings may not be generalizable to patient populations with 
greater severity of the disease. Third, to capture the effects of diverse 
comorbid conditions that are prevalent in older adults, we assessed 
HRQoL by using a generic measure rather than disease-specific mea-
sures. In addition to comparisons across diseases or conditions, as 
enabled by the Short Form Health Survey, future studies examining 
changes in disease-specific measures of HRQoL are likely to provide 
additional information about late-life health in patients with CHB. 
Another limitation is that sociodemographics, lifestyles, metabolic 
health, geriatric conditions, and comorbid diseases/conditions were 
only assessed at baseline. We lacked information on the status of these 
during the follow-up period, and were unable to estimate the effects of 
these changes on the observed physical and mental health trajectories. 
Finally, we evaluated the hidden nonalcoholic steatohepatitis using non- 
invasive serum biomarkers. The standard liver biopsy should be 
included in future researches to assess the potential effects of nonalco-
holic fatty liver disease across its spectrum of severity. 

In conclusion, this longitudinal observational study of older adults 
with CHB demonstrated that HRQoL changes in later life, although quite 
varied, followed distinct patterns. Three nonlinear trajectories of phys-
ical health and mental health changes were revealed. Also, this study 
documented that differential changes in HRQoL in older adults with 
HBV were associated with variations in specific extrahepatic organs/ 
systems, namely degree of sarcopenic obesity, metabolic abnormalities, 
and depressed mood. The hidden complexity indicates the potential 
value of comprehensive assessment and management in this geriatric 
population and underscores the need for further research. 
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Table 3 
Multivariate-adjusted odds ratios of mental health trajectory groups associated with baseline characteristics.a   

Group 1 Group 3  
(Poor Mental Health) (Declining Mental Health) 

Characteristic Odds Ratio 95% CI P Odds Ratio 95% CI P 

Number of metabolic abnormalities       
Low  1.0 (Reference)   1.0 (Reference)  
High  1.3 0.5–3.2  0.581  2.3 1.1–4.8  0.034 

Sarcopenic obesity  4.3 1.4–13.0  0.010  1.3 0.4–4.4  0.666 
Age per 1-y increase  1.0 0.9–1.1  0.873  1.0 1.0–1.1  0.170 
Male sex  0.4 0.1–1.7  0.206  0.2 0.1–0.7  0.013 
Married status  0.3 0.1–0.8  0.021  0.8 0.3–2.0  0.643 
Depressed mood  83.1 19.7–350.2  <0.001  13.6 2.9–64.8  0.001 
Smoking       

Never  1.0 (Reference)   1.0 (Reference)  
Ever  3.2 0.6–16.3  0.163  1.6 0.4–7.4  0.524 
Current  0.4 0.1–3.5  0.447  1.2 0.3–5.7  0.815 

Alcohol drinking       
Never  1.0 (Reference)   1.0 (Reference)  
Ever  1.2 0.2–5.8  0.836  3.3 1.0–11.3  0.058 
Current  1.5 0.5–5.1  0.479  2.3 0.8–6.4  0.128 

FIB-4  1.1 0.9–1.3  0.307  0.8 0.5–1.2  0.195  

a Relative to group 2 (good mental health). FIB-4 indicates Fibrosis-4 Index for Liver Fibrosis.  
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