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Purpose: Depression and anxiety have been reported to increase the risk of infectious diseases and reactivation of latent infection. We
conducted a nationwide population-based retrospective cohort study to determine the relationship between hepatitis B flares and
depression or anxiety, utilizing outpatient and inpatient data from the Taiwan National Health Insurance Research database collected
from 2000 to 2015.
Patients and Methods: A total of 12,992 patients with chronic hepatitis B and newly diagnosed anxiety/depression, without advanced
liver disease, were propensity score-matched for age, sex, and comorbidities in a 1:4 ratio to 51,968 controls with chronic hepatitis Bwithout
depression/anxiety or advanced liver disease. Both groups were followed-up until December 31, 2015. Cox proportional hazards regression
was used to determine the risk factors for hepatitis B flares. The Log rank test and Kaplan-Meier analysis were performed to assess
differences in the cumulative incidence of hepatitis B flares according to anxiety/depression status.
Results: The incidence of hepatitis B flares was higher in the depression/anxiety cohort than in the control cohort (log-rank; p < 0.001).
Patients with depression/anxiety had a significantly higher incidence rate of hepatitis B flares than those without depression/anxiety
(3017 per 105 person-years versus 2042 per 105 person-years, p = 0.003). After adjusting for age and comorbidities, anxiety/depression was
independently associated with an increased risk of hepatitis B flares (hazard ratio, 1.173; 95% confidence interval, 1.033–1.277; p = 0.003).
Conclusion: This analysis suggests that in patients with chronic hepatitis B without advanced liver disease, those with concomitant
depression or anxiety may be at higher risk of hepatitis B flares.
Keywords: chronic hepatitis B, hepatitis B virus, hepatitis B virus reactivation, mental disorder, mood disorder

Introduction
Hepatitis B virus (HBV) infection is a major cause of liver cirrhosis and hepatocellular carcinoma.1 As curative treatment
for HBV is not currently available, there are many people with chronic hepatitis B (CHB) who are at risk of hepatitis
B flares. Flares in viremic patients with cirrhosis may increase mortality and the risk of hepatic decompensation;2

therefore, the prevention of hepatitis B flares is of prime importance.
A hepatitis B flare is defined as a 2-fold or greater elevation in the serum alanine aminotransferase (ALT) level above

the upper limit of normal or the patient’s baseline value3,4 in individuals with CHB. Hepatitis B flares may occur during
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the hepatitis B e antigen (HBeAg)-negative reactive immune clearance phase and during the HBeAg-positive immune
clearance phase. Hepatitis B flares are considered to be the result of complex dynamic changes of the innate and adaptive
immune responses, including the cytotoxic T lymphocyte-mediated immune response against HBV antigen-expressing
hepatocytes and its downstream mechanisms.5

Mental disorders, especially depression and anxiety, are among the most common illnesses seen in primary care.6,7 The
coexistence of depression and anxiety with other medical disorders is a topic of clinical interest. Many medical disorders,
including obesity, myocardial infarction, and infections, are more common in individuals with severe mental disorders.8

Markers of impairment of cellular immunity (such as decreased natural killer [NK] cell cytotoxicity) have been
associated with depression.9 Depression-induced immune dysregulation has a strong effect on the peripheral immune
system,10 primarily due to its effect on the function and number of immune cells, particularly lymphocytes and monocytes/
macrophages. Thus, immune dysregulation may play a critical role in the relationship between depression and medical
disorders such as infections.11 Psychological stress and the concomitant negative emotions such as anxiety also have an
impact on the B- and T-cell-mediated immune system.12 Both depression and anxiety are associated with an increased risk
of acquiring infectious diseases8,13 and reactivation of latent viral infections such as herpesvirus infections.14

However, the concept of depression/anxiety-induced immune dysregulation as a potential contributor to hepatitis
B flares is not widely recognized. To address the paucity of knowledge regarding the natural history of CHB in patients
with depression and anxiety, we conducted a longitudinal nationwide population-based cohort study in Taiwan to explore
the role of depression/anxiety in determining the long-term risk of hepatitis B flares.

Materials and Methods
Data Sources
The study data were extracted from the Taiwan National Health Insurance Research Database (NHIRD). National Health
Insurance is a government-operated single-payer system that covers approximately 99% of the 23 million residents in
Taiwan. The NHIRD includes records of inpatient, outpatient, and emergency consultations of the general population of
Taiwan. Diagnoses are coded according to the International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD −9-CM).15 To protect the privacy of registered individuals, the NHIRD converts the identification
numbers of all NHIRD records. The study protocol was approved by the Institutional Review Board of Tri-Service
General Hospital (no. A202005009).

Study Participants
This study used outpatient and inpatient data on 1,936,512 patients in the NHIRD, collected between 2000 and 2015.
A total of 292,754 patients aged ≥18 years who were diagnosed with HBV infection (ICD-9-CM codes: 70.2–70.23,
70.3–70.33, v02.61) (Table S1) as outpatients and inpatients were included for analysis (Figure 1). The data of patients
with newly diagnosed depression and anxiety were used as the index data. Anxiety was identified using the ICD-9-CM
code 300.00, and depressive disorder was identified using the ICD-9-CM codes 296.2–296.3 and 300.4.

Hepatitis B flares were defined as present when a patient showed a 2-fold or greater elevation in their serum ALT
levels3,4 and were prescribed nucleoside/nucleotide analog (NA) therapy, including adefovir, entecavir, lamivudine,
telbivudine, or tenofovir. The National Health Insurance (NHI) in Taiwan follows the European Association for the Study
of the Liver guidelines16 for starting antiviral therapy (Table S2). Interferon therapy is one of the treatments used for
treating hepatitis B flares; however, it may cause depression. Therefore, patients who received interferon as treatment for
hepatitis B flares were excluded.

Patients who did not have any follow-up visits, and those who were already using NA therapy and interferon-α
therapy, were of unknown sex, or were coinfected with hepatitis C virus (HCV) (ICD-9-CM codes: 70.41, 70.44, 70.51,
70.54, and v02.62) or human immunodeficiency virus (ICD-9-CM codes: 042, 795.71, and V08) were excluded. Patients
who received medication that may induce hepatitis B flares, such as steroids (betamethasone, cortisone, hydrocortisone,
dexamethasone, fludrocortisone, methylprednisolone, prednisolone, triamcinolone), specific immunotherapy (azathiopr-
ine, infliximab, and methotrexate), or chemotherapy (ICD-9-CM codes: 37038B-37040B) were also excluded.
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To control for the effect of confounders, each patient with depression/anxiety was matched with four controls with CHB
but without depression/anxiety, by index date, age (10-year age category), and comorbidities to form the control cohort. To
determine the propensity score, logistic regression was used to calculate the probability of hepatitis B flares after adjusting for
comorbidities and demographic characteristics. The baseline comparison of the characteristics of the two groups included
common comorbidities such as hyperlipidemia (ICD-9-CM code: 272), hypertension (ICD-9-CM codes: 401–405), chronic
kidney disease (CKD; ICD-9-CM code: 585), ischemic heart disease (ICD-9-CM codes: 410–414), type 2 diabetes mellitus
(DM; ICD-9-CM code: 250), congestive heart failure (ICD-9-CM code: 428), stroke (ICD-9-CM codes: 430–438), chronic
obstructive pulmonary disease (ICD-9-CM codes: 490–496), and cancer (ICD-9-CM codes: 140–238).

Statistical Analysis
The demographic traits and common comorbidities in the depression/anxiety cohort and the control cohort were
compared using chi-squared tests. The median ages of the cohorts were compared using Student’s t-test. The incidence
rate (per 105 person-years) of hepatitis B flares was calculated according to the sex, age, and comorbidities of each
cohort. Sex, age, and concomitant comorbidities were included in the multivariable Cox proportional hazards regression
model. The cumulative incidence of hepatitis B flares according to depression/anxiety status was calculated using
Kaplan-Meier analysis and compared using Log rank tests. All analyses were conducted using SPSS software, version
20 (IBM Corp., Armonk, NY, USA), with a two-tailed p-value < 0.05 considered as statistically significant.

Figure 1 The flowchart of study sample selection.
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Results
Participants
A total of 264,682 adults with CHB and without any of the exclusion factors were identified. A total of 12,992 patients
with CHB, without advanced liver disease, were included in the depression/anxiety cohort, and 251,760 patients with
CHB, without depression/anxiety or advanced liver disease, were included in the control cohort (Figure 1). In the
depression/anxiety cohort, 7625 (58.7%) patients were male with median age of 49.2 years.

The demographic characteristics of patients in both cohorts are shown in Table 1. The median time to hepatitis
B flares was 1.3 years in the depression/anxiety cohort and 1.5 years in the control cohort. By the end of follow-up, 3922
participants in the depression/anxiety cohort and 10,920 participants in the control cohort had developed hepatitis B flares
(p < 0.001). At the end of follow-up, the median age was 51.7 and 52.9 years in the depression/anxiety cohort and the
control cohort, respectively (p < 0.001) (Table S3).

Cumulative Incidence of Hepatitis B Flares
The cumulative incidence of hepatitis B flares is shown in Figure 2. In the depression/anxiety cohort, the median duration
of follow-up and the time to hepatitis B flares was 5.3 and 1.3 years, respectively. The Kaplan-Meier analysis indicated
that in the first year, the incidence of hepatitis B flares was higher in the depression/anxiety cohort than in the control
cohort, and this increased incidence persisted throughout the follow-up period (log-rank p < 0.001; Figure 2).

Multivariable Analysis of Risk Factors
In the unadjusted Cox proportional hazards regression analysis, the patients in the depression/anxiety cohort had a higher
risk of hepatitis B flares than the patients in the control cohort. After adjusting for age and comorbidities, the hazard ratio
(HR) for hepatitis B flares in the depression/anxiety cohort increased. Among the comorbidities, DM was the most strongly
associated with hepatitis B flares, followed by stroke (Table 2). In subgroup analyses, patients with depression only (HR,
1.155; 95%CI, 1.019–1.261; p = 0.019) and anxiety only (HR, 1.167; 95%CI, 1.031–1.275; p = 0.008), and both depression
and anxiety all had a higher risk of hepatitis B flares than patients in the control cohort (Table 3). Moreover, patients with
both depression and anxiety had a higher risk of flares (HR, 1.506; 95% CI, 1.321–1.639; p = 0.003) than patients with
either depression or anxiety alone.

Multivariable Stratified Analysis for Depression/Anxiety
Multivariable stratified analyses were performed for subgroups of patients to determine the association of depression/
anxiety with increased hepatitis B flare risk within subgroups (Table 4). In the subgroup analyses, the risk of hepatitis
B flares was higher in the patients with depression/anxiety than that in the control patients in the 18–29-years age group,
the 30–39-years age group, males, females, patients with DM, patients without DM, patients with hypertension, patients
without hypertension, patients with a history of stroke, patients without a history of stroke, patients with CKD, patients
without CKD, and patients without underlying osteoporosis. Although patients with depression/anxiety had a higher risk
of developing hepatitis B flares than patients without depression/anxiety in all of the subgroups analyzed, the HR was not
statistically significant in several subgroups, including those with underlying osteoporosis, and in patients aged 40–49
years, 50–59 years, or 60 years and older.

Incidence of Hepatitis B Flares According to Depression and Anxiety Status
The incidence rates of hepatitis B flares according to anxiety and depression status are shown in Table 3. The incidence
rate of hepatitis B flares in the depression/anxiety group was higher than that in the control group. The incidence rate of
hepatitis B flares was the highest in patients with both depression and anxiety, followed by that of patients with anxiety
only, and was least increased in patients with depression only.
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Discussion
This population-based cohort study revealed that the long-term risk of hepatitis B flares was significantly higher in
patients with depression/anxiety than in those without these psychological comorbidities. This study represents the
largest population-based study of the incidence of hepatitis B flares, with the longest follow-up period, reported to date.
Patients with depression/anxiety had a 1.189-fold increased risk of hepatitis B flares compared with the control cohort
during a 16-year follow-up. The Kaplan-Meier analysis showed that in the first year of follow-up, the incidence of
hepatitis B flares was higher in the depression/anxiety cohort than in the control cohort, and this difference persisted

Table 1 Baseline Characteristics of the Depression/Anxiety Cohort and the Control Cohort

Characteristics With Depression/
Anxiety

(n = 12,992)

Without Depression/
Anxiety

(n = 51,968)

p value

Age (median), years 49.2 49.7 0.958

Age groups (years) 0.999
18–29 1010 (7.8) 4040 (7.8)

30–39 2425 (18.7) 9700 (18.7)

40–49 3169 (24.4) 12,676 (24.4)
50–59 2941 (22.6) 11,764 (22.6)

≥60 3447 (26.5) 13,788 (26.5)
Gender 0.999

Male 7625 (58.7) 30,500 (58.7)

Female 5367 (41.3) 21,468 (41.3)
Hypertension <0.001

No 11,028 (84.9) 44,657 (86.0)

Yes 1964 (15.1) 7311 (14.1)
Diabetes mellitus 0.884

No 11,417 (87.9) 45,640 (87.8)

Yes 1575 (12.1) 6328 (12.2)
Congestive heart failure 0.038

No 12,839 (98.8) 51,461 (99.0)

Yes 153 (1.2) 507 (1.0)
Stroke <0.001

No 11,933 (91.8) 50,992 (98.1)

Yes 1059 (8.2) 976 (1.9)
Chronic obstructive pulmonary
disease

<0.001

No 12,366 (95.2) 50,539 (97.3)
Yes 626 (4.8) 1429 (2.7)

Chronic kidney disease 0.019

No 12,659 (97.4) 50,441 (97.1)
Yes 333 (2.6) 1527 (2.9)

Migraine <0.001

No 12,959 (99.7) 51,917 (99.9)
Yes 33 (0.3) 51 (0.1)

Osteoporosis 0.212

No 12,961 (99.8) 51,868 (99.8)
Yes 31 (0.2) 100 (0.2)

Hyperlipidemia <0.001

No 12,563 (96.7) 50,528 (97.2)
Yes 429 (3.3) 1440 (2.8)
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throughout the follow-up period. Depression/anxiety was independently associated with an increased risk of hepatitis
B flares after adjusting for age and comorbidities.

The mechanism by which depression/anxiety increase the risk of hepatitis B flares is unclear. T helper type 1 (Th1)
lymphocytes secrete interleukin (IL)-2, interferon (IFN)-γ, and stimulate type 1 immunity, which is characterized by
intense phagocytic activity. Conversely, Th2 cells secrete IL-4, IL-5, IL-9, IL-10, and IL-13, and stimulate type 2

Figure 2 Kaplan-Meier analysis of the cumulative risk of hepatitis B flares according to depression/anxiety status.

Table 2 Risk of Hepatitis B Flares According to Selected Patient Characteristics

Variable Unadjusted Adjusted

HR (95% CI) p value HR (95% CI) p value

Anxiety or depression 1.112 (1.077–1.148) < 0.001 1.173 (1.033–1.277) 0.003
Male sex 0.976 (0.921–1.032) 0.084 0.941 (0.914–0.995) 0.060

Age group (years)

18–29 Reference Reference
30–39 0.840 (0.785–0.900) < 0.001 0.900 (0.841–0.964) 0.009

40–49 0.759 (0.710–0.812) < 0.001 0.730 (0.515–0.809) < 0.001

50–59 0.837 (0.789–0.899) < 0.001 0.852 (0.793–0.915) < 0.001
≥60 0.800 (0.747–0.857) < 0.001 0.833 (0.750–0.862) < 0.001

Hypertension 1.804 (1.775–1.835) < 0.001 1.033 (0.993–1.074) 0.024

Diabetes mellitus 1.321 (1.188–1.455) < 0.001 1.807 (1.772–1.843) < 0.001
Congestive heart failure 1.081 (1.046–1.096) 0.001 1.555 (1.483–1.639) < 0.001

Stroke 1.954 (1.468–2.564) < 0.001 1.778 (1.380–2.424) < 0.001

Chronic obstructive pulmonary
disease

1.331 (1.271–1.494) < 0.001 1.023 (0.949–1.102) 0.349

Chronic kidney disease 1.088 (1.018–1.262) 0.013 1.047 (0.600–1.300) 0.410

Migraine 1.192 (0.995–1.467) 0.041 1.005 (0.692–1.345) 0.883
Osteoporosis 0.846 (0.628–1.142) 0.310 0.701 (0.519–1.044) 0.074

Hyperlipidemia 0.762 (0.697–0.832) < 0.001 0.982 (0.898–1.074) 0.902

Abbreviations: CI, confidence interval; HR, hazard ratio.
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immunity, which is characterized by high antibody titers. In most infections, type 1 immunity is protective, whereas type
2 immunity assists with the resolution of cell-mediated inflammation.17

IL-10 is an immunosuppressive cytokine. During infection, it inhibits the activity of Th1 cells, CD8+ Tcells, NK cells, and
macrophages, all of which are required for optimal pathogen clearance but also contribute to tissue damage. IL-10 can both
impede pathogen clearance and ameliorate immunopathology. Many different types of cells can produce IL-10, with the major
source of IL-10 varying in different tissues, and during the acute and chronic stages of the same infection.18 In patients with
CHB, IL-10 is produced by regulatory B and T cells, intrahepatic T cells, and monocytes.19

CHB is commonly divided into four phases: the immune tolerant phase, the immune clearance phase, the inactive
residual phase, and the reactivation phase.20 The key difference between effective and ineffective immune clearance may
rely on whether the Th1 response has been activated.2 IL-10 is elevated in patients with hepatitis B flares and is thought
to trigger a feedback mechanism that dampens liver inflammation, but it also results in suppression of HBV-specific CD8
T cell responses.21 Both depression and anxiety have been shown to increase IL-10 production,22–25 which is consistent
with our study findings that the incidence of hepatitis B flares was higher in patients with depression only, anxiety only,
and both depression and anxiety, compared with that in the control group.

Furthermore, antidepressant treatment may have an immunomodulatory effect.26 IFN-γ-producing T cells may be the
major target for the immunomodulatory actions of antidepressants.27 Antidepressants decrease the production of IFN-γ,27,28

and may also increase IL-10 production28,29 and reduce the IFN-γ/IL-10 ratio.30–32 A higher level of HBV-specific IFN-γ-
producing T cells is associated with more rapid HBV viral clearance, and IFN-γ is thought to be associated with HBV viral
clearance in patients with hepatitis B flares.33 The antidepressant-induced immunomodulatory effect is one possible

Table 3 Factors of HBV Flares Stratified by Variables Listed in the Table by Using Cox Regression

Adjusted HR HR (95% CI) p value

Total 1.173 1.033–1.277 0.003
Gender Male 1.138 1.002–1.239 0.035

Female 1.224 1.077–1.332 0.001

Age group (yrs) 18–29 1.663 1.463–1.810 <0.001
30–39 1.305 1.149–1.421 <0.001

40–49 1.086 0.956–1.182 0.096

50–59 1.108 0.975–1.206 0.059
≧60 1.099 0.967–1.196 0.071

Hypertension No 1.173 1.032–1.277 0.003
Yes 1.160 1.021–1.263 0.006

Diabetes mellitus No 1.173 1.032–1.276 0.004

Yes 1.137 1.010–1.237 0.038
Congestive heart failure No 1.171 1.030–1.274 0.009

Yes 1.197 1.053–1.303 <0.001

Stroke No 1.671 1.471–1.819 <0.001
Yes 1.992 1.691–2.092 <0.001

Chronic obstructive pulmonary disease No 1.168 1.028–1.271 0.007

Yes 1.455 1.281–1.584 <0.001
Chronic kidney disease No 1.167 1.027–1.270 0.007

Yes 1.221 1.075–1.329 <0.001

Migraine No 1.172 1.032–1.276 0.001
Yes 1.593 1.402–1.734 <0.001

Osteoporosis No 1.173 1.032–1.277 0.003

Yes 1.047 0.921–1.140 0.286
Hyperlipidemia No 1.174 1.034–1.279 0.002

Yes 1.171 1.031–1.275 0.006

Abbreviations: CI, confidence interval; HR, hazard ratio.
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mechanism that could explain the increased risk of hepatitis B flares among patients with depression in our cohort.
However, we did not have data on antidepressant use, and therefore we were unable to determine whether there was an
association between hepatitis B flares and antidepressant use.

We hypothesize that both depression and anxiety have an impact on hepatitis B flares through a shift in the Th1–Th2
balance toward a Th2 response. This effect (a state of relative immunosuppression) is also seen in pregnant woman with
hepatitis B flares after delivery.34 Furthermore, the anxiety- and stress-induced shift in the Th1–Th2 cytokine balance
toward a Th2 response is thought to play a role in the immune response to HBV infection.35

The immunomodulatory effect of antidepressants may have a direct effect on increasing the risk of hepatitis B flares.
However, further studies are needed to evaluate the underlying pathogenic mechanisms by which depression and anxiety
cause hepatitis B flares.

The male dominance and the annual incidence of hepatitis B flares of 2% in the patients without depression or anxiety
in this study are consistent with the findings of previous studies conducted in Southeast Asia, which have reported an
annual incidence of 1.5–2.2%;36–38 however, the annual incidence in this study was lower than that of 4.3% reported in
a European population.39 The higher incidence of hepatitis B flares observed in the European study might be due to the
use of different viral assays or to referral bias.

Hepatitis B reactivation is defined by the level of changes in ALT and HBV DNA, and is usually associated with
a hepatitis B flare several weeks later. HBV reactivation can be anticipated with some immunosuppressive drugs, and the
risk is classified as low (<1%), moderate (1–10%), or high (>10%) risk. Well-established high-risk drugs include
rituximab and corticosteroid therapy.3 One study showed that in 150 patients with newly diagnosed lymphoma who

Table 4 Influence of Demographic and Clinical Variables on the Risk of Hepatitis B Flares Determined by Cox
Regression

Adjusted HR HR (95% CI) p value

Total 1.173 1.033–1.277 0.003

Gender Male 1.138 1.002–1.239 0.035

Female 1.224 1.077–1.332 0.001
Age group (years) 18–29 1.663 1.463–1.810 <0.001

30–39 1.305 1.149–1.421 <0.001

40–49 1.086 0.956–1.182 0.096
50–59 1.108 0.975–1.206 0.059

≧60 1.099 0.967–1.196 0.071
Hypertension No 1.173 1.032–1.277 0.003

Yes 1.160 1.021–1.263 0.006

Diabetes mellitus No 1.173 1.032–1.276 0.004
Yes 1.137 1.010–1.237 0.038

Congestive heart failure No 1.171 1.030–1.274 0.009

Yes 1.197 1.053–1.303 <0.001
Stroke No 1.671 1.471–1.819 <0.001

Yes 1.992 1.691–2.092 <0.001

Chronic obstructive pulmonary disease No 1.168 1.028–1.271 0.007
Yes 1.455 1.281–1.584 <0.001

Chronic kidney disease No 1.167 1.027–1.270 0.007

Yes 1.221 1.075–1.329 <0.001
Migraine No 1.172 1.032–1.276 0.001

Yes 1.593 1.402–1.734 <0.001

Osteoporosis No 1.173 1.032–1.277 0.003
Yes 1.047 0.921–1.140 0.286

Hyperlipidemia No 1.174 1.034–1.279 0.002

Yes 1.171 1.031–1.275 0.006

Abbreviations: CI, confidence interval; HR, hazard ratio.

https://doi.org/10.2147/JIR.S355314

DovePress

Journal of Inflammation Research 2022:152990

Tsai et al Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


received rituximab-based chemotherapy, the incidence of hepatitis B flares was 6400 per 105 person-years.40 Another
study found an incidence of HBV reactivation of 1930 per 105 person-years in patients with rheumatic disease and
resolved HBV infection who were treated with immunosuppressive drugs.41 The incidence of hepatitis B flares in the
patients with anxiety/depression in our study was 3016 per 105 person-years, which is lower than the reported risk
associated with the use of high-risk drugs (rituximab) and higher than the reported risk associated with combined
immunosuppressive drugs, suggesting that depression/anxiety has a moderate immunosuppressant effect. HBV reactiva-
tion induced by immunosuppressive agents or cytotoxic chemotherapy is a well-recognized complication in cancer
patients with pre-existing HBV infection.42 The current American Gastroenterological Association recommendations
(published in 2015) suggest antiviral prophylaxis for patients who are categorized as at moderate or high risk of
developing hepatitis B flares.43 Patients with depression/anxiety may have an increased risk of HBV flares and might
need antiviral drugs for prophylaxis. However, further studies are needed for confirmation.

Our finding that depression/anxiety increased the risk of hepatitis B flares is consistent with previous studies.8,12–14

Thus, CHB patients with depression/anxiety should be closely monitored and should have regular follow-up visits.
This study has several limitations. First, although many potential confounders were taken into consideration, a causal

relationship between depression/anxiety and hepatitis B flares risk cannot be directly inferred owing to the observational
nature of the study. The causal relationship needs to be confirmed by a prospective proof-of-concept study. Second,
detailed laboratory data on factors such as HBV viral load and HBeAg levels were not available. These are major risk
factors for hepatitis B reactivation and may associated with hepatitis B flares.3 However, we excluded patients with major
risk factors for hepatitis B flares, such as those using immunosuppressive therapy or cancer chemotherapy, organ
transplant recipients, and patients coinfected with other viruses.4,44 Other independent risk factors for hepatitis
B flares are pre-core mutations, male sex, and age at presentation.39 We adjusted the estimates for sex and age, but
did not adjust for pre-core mutations. Third, none of the patients had received previous NA therapy; therefore, our results
may not be generalizable to patients who have previously received NA therapy. Hepatitis B flares are not uncommon
during and after withdrawal of NA therapy.2 Further studies are needed to determine whether depression/anxiety
increases the risk of hepatitis B flares in patients on NA therapy. Fourth, patients who fulfilled the definition of
a hepatitis B flare (ALT >2-fold the upper limit of normal) but did not meet the NHI medication criteria were not
included (because they did not fulfill the HBV DNA level criterion and did not have a liver biopsy). However, the strict
inclusion criteria for assessing hepatitis B flares are relatively reliable, and many of our patients also fulfilled the
definition of HBV reactivation.

Conclusions
The results of this long-term cohort study suggest that depression and anxiety may be associated with an increased risk of
hepatitis B flares in patients with CHB. Therefore, CHB patients with depression and anxiety should be closely
monitored and should have regular follow-up visits.
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