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Abstract: Little is known about the factors associated with patient compliance with nucleos(t)ide 

analog (NUC) treatment for chronic hepatitis B (CHB). The purpose of this study was to examine 

the association between sociodemographic and clinical characteristics and adherence to NUCs 

among patients with CHB. A total of 211 CHB patients receiving NUC monotherapy were asked 

to report the number of prescribed doses of medication they had taken during the last 90 days. 

A total of four 3-month adherence scores were averaged to obtain a combined rate of NUC 

adherence during a 1-year follow up period. The mean age of the patients was 29.6 years, 79% 

were men, and 68% had no prior NUC treatment for CHB. Females, patients without a previous 

NUC treatment, and those who had NUC drug resistance showed better adherence to NUC 

treatment, and compliance was better with telbivudine than with lamivudine and entecavir.
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Introduction
Hepatitis B virus (HBV) infection affects approximately 400 million people worldwide.1 

In the People’s Republic of China, it is estimated that 20 million people suffer from 

chronic hepatitis B (CHB).2  Five nucleos(t)ide analogs (NUCs) approved to treat 

CHB include lamivudine, telbivudine, entecavir, adefovir dipivoxil, and tenofovir 

disoproxil fumarate.3 Although NUCs are potent medications that achieve long-term 

viral suppression, it is difficult to eradicate the virus.4 A recent study indicated that 

adults with CHB need more than 2 years of treatment with NUCs to reduce the risk 

of cirrhosis, CHB-related death, and hepatocellular carcinoma.5 In order to achieve 

virologic suppression and to avoid virologic breakthrough, medication adherence is 

very important.6 However, a study conducted by Ha et al7 found that nonadherence 

rates increased over time, with cumulative nonadherence rates at year 4 reaching 10% 

and 12% for patients taking adefovir and entecavir, respectively.

Optimal adherence to medication is necessary to achieve undetectable levels of 

HBV DNA. Consequently, the concern is that patients will not adhere to treatment 

over long periods and risk virologic failure.

Lieveld et al8 searched PubMed, Embase, the Cochrane Library, and the Web of 

Knowledge for articles on compliance with NUCs in the treatment of CHB and only 

found six that met their criteria. Mean adherence to various NUC treatment proto-

cols varied from 81% to 91%, as reported in three studies.3,4,9 Two studies showed 

significant associations between good or perfect adherence and complete virologic 

suppression.10,11 Older age, a history of treatment for CHB using NUCs, use of NUCs 
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other than lamivudine, and high income were shown to be 

associated with better NUC adherence.3,4,9,10 However, Giang 

et al12 found no association between age and adherence, and 

researchers dispute whether sex or baseline viral load are 

predictors of adherence.3,4,10–12

We feel that further study is warranted to help clarify 

these disputes. In the current study, we examined factors 

associated with adherence to NUC treatment for CHB 

prospectively in a Chinese population. NUCs are well tol-

erated, with minimal side effects,13–16 and we controlled for 

the influence of cost by providing medications at no charge. 

We show that female sex, no previous NUC treatment, and a 

history of NUC resistance are factors that promote adherence 

to NUCs. The difference between our findings and previous 

reports is discussed.

Materials and methods
Participating patients
A total of 222 CHB patients between 17 and 56 years of age 

who were either hepatitis B e antigen (HBeAg) positive or 

negative were recruited from the Nan-Fang Hospital of the 

Southern Medical University. Among them eleven patients 

were excluded because of coinfection with hepatitis C, 

hepatitis D, or human immunodeficiency virus; evidence 

of hepatic decompensation; cirrhosis or hepatocellular 

carcinoma; autoimmune hepatitis; and pregnancy. Patients 

with renal dysfunction and chronic renal failure were also 

excluded from the study. Because tenofovir was not approved 

for treatment of hepatitis B in Mainland China during the 

study period, a total of 211  CHB patients received NUC 

monotherapy of telbivudine, lamivudine, entecavir, or adefo-

vir dipivoxil. There were 31 patients who developed drug 

resistance to lamivudine prior to the current study.

Study design
The study was conducted between November 2002  and 

July 2008. The protocol was approved by the Institutional 

Review Board of the Nan-Fang Hospital of the Southern 

Medical University. All patients signed informed consent 

forms before participating in the study. They were randomly 

assigned to receive 600 mg of telbivudine, 100 mg of lami-

vudine, 0.5 mg of entecavir, or 10 mg of adefovir dipivoxil 

once daily as oral treatment. At enrollment, demographic 

characteristics (age and sex) were collected and height and 

body weight were assessed. Information such as current and 

previous HBV treatments, family history of CHB, and HBV 

markers were examined. Patients were asked to return for a 

follow-up visit every 3 months for 1 year to assess adherence 

to treatment. Pills were counted at each visit, and patients 

were asked about the numbers of tablets taken and missed 

in the last 90 days.

Adherence was measured by patient self-reports. The 

patients were asked how many prescribed doses of medi-

cation they had taken during the last 90 days. Because the 

rate of adherence is usually expressed as the percentage of 

prescribed dosages the patient consumed,17 the rates of four 

periods were averaged for each participant.

Statistical analyses
The data analyses were done with SAS (version 9.2), and a 

P-value ,0.05 was considered statistically significant. We 

used generalized estimating equations (GEEs)18 to test the 

relationship of interest because GEEs have better control 

than other statistical measures for within-subject correlations 

over time as a result of multiple visits. In the GEE model, 

the dependent variable was the percentage of consumed dos-

ages of medication prescribed (adherence to NUCs), and the 

independent variables were age, sex, HBeAg status, types 

of NUC medication (telbivudine, lamivudine, entecavir, or 

adefovir dipivoxil), history of NUC treatment, and history 

of drug resistance.

Results
Sociodemographic and clinical 
characteristics of the study patients
Table 1 outlines the baseline characteristics of all patients. 

A total of 211 CHB patients who participated in the NUC 

monotherapy were included in the analysis. Of the 211 patients, 

the mean age was 29.6±7.8 years. Overall, 137 (65%) of the 

Table 1 Characteristics of the study patients (N=211)

Characteristics

Age, years 29.6±7.8
Male 167 (79)
Positive for HBeAg 137 (65)
CHB medication

Telbivudine 63 (30)
Lamivudine 27 (13)
Entecavir 20 (9)
Adefovir 101 (48)

History of NUC treatment
Yes 68 (32)
No 143 (68)

History of drug resistance
No 180 (85)
Yes 31 (15)

Note: Data are presented as mean ± standard deviation or number (percentage).
Abbreviations: CHB, chronic hepatitis B; HBeAg, hepatitis B e antigen; NUC, 
nucleos(t)ide analog. 
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211 patients were positive for HBeAg. A total of 143 (68%) 

patients were NUC-naïve, and 68 (32%) patients had received 

prior NUC treatment. There were 63  (30%), 27  (13%), 

20 (9%), and 101 (48%) patients taking telbivudine, lamivu-

dine, entecavir, and adefovir, respectively.

Factors associated with adherence
Results of the regression analysis using GEEs are presented in 

Table 2. Female sex (b=0.96, P,0.001), the absence of prior 

NUC treatment (b=1.19, P,0.01), and a history of NUC drug 

resistance were significantly associated with better adherence 

to NUCs (b=2.07, P,0.001). Further analysis showed the 

adherence rate of NUC-naïve patients was 1.28% higher 

than of those with a history of NUC treatment. Compared 

to patients taking telbivudine, those who took lamivudine 

or entecavir showed worse adherence (b=-1.21, P=0.02;  

b=-1.05, P=0.01, respectively). Although adherence to 

adefovir was lower than to telbivudine, the difference did 

not achieve statistical significance (b=-0.29, P=0.31). Figure 

1 shows the mean adherence rates across the four time peri-

ods (12, 24, 36, 48 weeks) separately for the four different 

NUC medications.

Discussion
Although NUCs have been shown to be efficacious in the treat-

ment of CHB,19,20 the concern remains that nonadherence may 

lead to treatment failure.11 With one out of 20 CHB sufferers 

worldwide living in the People’s Republic of China and drugs 

available to treat the disease, it is important to determine the 

factors associated with adherence in this population.1 Here 

we report that female sex, the absence of previous NUC 

treatment, and a history of NUC drug resistance are factors 

associated with greater NUC adherence, and patients adhere 

to telbivudine better than to lamivudine and entecavir.

In studies of adherence to antihypertensive medications, 

it was found that female patients have higher medication 

adherence rates than males.21,22  However, according to a 

systematic review on the factors affecting therapeutic compli-

ance, inconsistent results have been obtained regarding sex-

related adherence.23 Chotiyaputta et al3,4 reported that men 

and women did not differ in adherence rates. The reasons for 

the disagreement between their findings and our results are 

not known. Possible contributing factors are different ages, 

cultural and educational background, and household income 

level. Moreover, in the studies by Chotiyaputta et al there 

were near perfect adherence rates, which might be inflated 

in the patients’ self-reporting to health providers.3,4 This high 

rate may have some masking effect on the actual adherence 

rate. Another possible factor is that we provided free medi-

cines to the participating patients. In future studies, these 

factors need to be considered and carefully controlled.

Chotiyaputta et al4 suggested that the history of HBV treat-

ment was not correlated with adherence. However, we found 

that new patients without a NUC treatment history showed 

better adherence rates than previously treated patients. 

This result is in agree with a report by Sevim et al24 who 

found that tuberculosis patients with a history of treatment 

had less adherence than new patients. Again, the variances 

between different studies may be explained by the different 

geographical and cultural background, the level of medical 

education, and the different experimental designs and strate-

gies in different studies.

Table 2 Estimates from GEE models of indicators of adherence 
to NUC for CHB patients

Beta SE P-value

Age 0.01 0.02 0.75
Sex

Male – –
Female 0.96 0.25 ,0.001

HBeAg status
Negative – –
Positive 0.30 0.27 0.27

CHB medication
Telbivudine – –
Lamivudine -1.21 0.54 0.02
Entecavir -1.05 0.43 0.01
Adefovir -0.29 0.28 0.31

History of NUC treatment
Yes – –
No 1.19 0.35 ,0.01

History of drug resistance
No – –
Yes 2.07 0.36 ,0.001

Abbreviations: CHB, chronic hepatitis B; GEE, generalized estimating equation; 
HBeAg, hepatitis B e antigen; NUC, nucleos(t)ide analog; SE, standard error.

Figure 1 Mean adherence rates across the four time periods of the four different 
NUC medications.
Abbreviation: NUC, nucleos(t)ide analog.
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It has been suggested that adherence increases with 

increasing age25,26 and that the elderly (over 55 years old) 

might have higher adherence rates.3,4,9,27,28  In contrast, we 

found that age was not a factor affecting adherence to NUCs. 

Participating patients in our study had younger average age 

and smaller age range (17–56 years, with only one case over 

55  years) than those of other studies that included larger 

numbers of elderly patients.4,9 Thus, it is possible that in our 

study, the age range is too small to reveal a difference in 

NUC adherence in different age groups.

In spite of the widely acknowledged notion that 

side effects are associated with nonadherence for many 

drugs,29,30 the four NUCs have minimal side effects and have 

similar adverse events records.13–16 Nevertheless, we found 

that lamivudine and entecavir were less adhered to than tel-

bivudine. Therefore, the different adherence rates of different 

NUCs may not be attributable to their side effects. Our results 

partially agree with those of Chotiyaputta et al4 who showed 

that lamivudine was less adhered to than other NUCs. The 

mechanisms of this difference remain to be elucidated.

We report for the first time that a history of NUC 

resistance conferred better adherence. Thus, it appears that 

patients with previous NUC treatment are less adherent to 

NUCs in the absence of drug resistance, but are better adher-

ent when resistance is developed. It should be mentioned that 

our data only show the influence of resistance to lamivudine 

on adherence. Whether resistance to other NUCs has a similar 

impact on adherence remains to be investigated.

Results are greatly diversified in studies of factors associ-

ated with NUC adherence. The diversity may be explained 

by the differences in experimental designs and strategies; 

different study population; different cultural, educational, 

and economic background; and different definitions of “good 

adherence rate.” Some studies used the most stringent method 

of pill counts to assess adherence and reported low adherence 

rate,3,4,8–10,12,31 while in other studies, physician assessment 

or patient self-reporting to health providers adopted less 

stringent methods and may have led to overestimation of 

adherence and inadequate recognition of poor adherence.4,7 

Our study used a moderately stringent method. We found 

a less than perfect rate of adherence, and the assessment 

scores are less likely to be inflated. In addition, a study by 

Giang et al12 showed that NUC adherence is vulnerable to a 

variety of factors, such as forgetfulness, change of routine, 

being too busy, etc. Therefore, application of the results of 

NUC adherence investigations has certain geographical limi-

tations and should be taken into consideration by doctors in 

different parts of the world. We did not collect disease severity 

data in this study. However, all of the patients had CHB and 

those with hepatic dysfunction, liver cirrhosis, and liver can-

cer were excluded. For determination of disease severity, the 

most objective standard is liver biopsy, and unfortunately, our 

patients did not have liver biopsy before treatment.

In conclusion, our data suggest that in the People’s 

Republic of China, female sex, no previous NUC treatment, 

and NUC resistance are factors associated with adherence 

to NUCs for CHB treatment. We report that CHB patients 

had better adherence to telbivudine than lamivudine and 

entecavir. To our knowledge, this is the first report to have 

investigated the factors associated with adherence to NUCs 

in CHB treatment in the People’s Republic of China, and 

the first to show NUC resistance as a factor associated with 

NUC adherence. Our findings should potentially benefit CHB 

patients’ through better control of adherence to NUCs and 

thus improve the treatment outcomes.

Conclusion
Key messages
•	 Optimal adherence to NUC medications is necessary to 

achieve undetectable levels of HBV DNA in patients with 

CHB and is necessary to prevent the sequelae of liver cirrho-

sis and hepatocellular carcinoma common in this disease.

•	 The factors associated with adherence to treatment regi-

mens remain unclear.

•	 We found that adherent patients were more likely to be 

female and were more likely to be NUC-naïve.

•	 With approximately 400 million patients worldwide with 

CHB, it is important to understand the factors associated 

with medication adherence in order to be able to assist 

patients in improving their adherence rates.

Disclosure
The authors report no conflicts of interest in this work.
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