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Background: Oral anticoagulant is a necessary long-term treatment after mechanical valve replacement (MVR), and medication 
adherence has a great impact on patients with MVR. Although family caregiver burden is negatively correlated with medication 
adherence, little is known about the underlying mechanism.
Purpose: To test whether family caregiver burden influences medication adherence through post-traumatic growth or medication 
literacy in patients with MVR.
Patients and Methods: A total of 206 patients after MVR were included in this cross-sectional study from July 2021 to 
December 2021. Data regarding medication adherence, family caregiver burden, post-traumatic growth, and medication literacy 
were collected by questionnaires. Data were analyzed through SPSS, and pathway analysis was conducted by using AMOS, based on 
the bootstrapping method.
Results: Post-traumatic growth was positively associated with medication adherence (r = 0.284, P < 0.05). Post-traumatic growth 
independently mediated the association of family caregiver burden on medication adherence [β = 0.32, 95% confidence intervals: 
(−0.016, −0.008)]. The mediated effect value for post-traumatic growth was 0.07, accounting for 24.14% of the total effect. The 
model’s fit indices were adequate.
Conclusion: The mediating effect of post-traumatic growth between family caregiver burden and medication adherence existed in 
patients with MVR. Interventions considering post-traumatic growth may be useful to increase medication adherence and improve 
patient rehabilitation.
Keywords: medication adherence, family caregiver burden, post-traumatic growth, medication literacy, mediation analyses, 
mechanical valve replacement

Introduction
Valvular heart disease (VHD) is one of the most common cardiac surgical diseases and is the leading reason for loss of 
physical function, decreased quality of life, and reduced life expectancy in patients.1 Mechanical valve replacement 
(MVR) is the fundamental treatment for severe VHD.2 According to statistics,3 in 2020, heart valve replacement 
surgeries accounted for 29.6% of the total number of cardiac surgeries, ranking first in China. In addition, to reduce 
the risk of valve thrombosis and subsequent embolism, the European Society of Cardiology (ESC) and European 
Association for Cardio-Thoracic Surgery (EACTS) guideline recommends long-term treatment with warfarin as an 
anticoagulant in patients undergoing MVR.4 Therefore, the dose of warfarin should be adjusted by closely monitoring 
the international standards to reduce complications.5 However, due to the low medication compliance of patients, the 
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efficacy and safety of warfarin therapy cannot be guaranteed, which increases the incidence of bleeding and throm-
boembolism and ultimately leads to valve failure, heart failure, reoperations, increased medical costs, decreased quality 
of life and even death.6 Thus, enhancing medication adherence in patients who need to take warfarin for life to maintain 
valve function is essential for postoperative cardiac rehabilitation.

Family support is regarded as a critical factor in facilitating the recovery of patients.7 Family caregivers, the primary 
person of caring for and supporting patients, provide up to 90% of the long-term care needed by patients, and the quality 
of in-home care is closely related to patient’s health.8 However, many family caregivers are untrained and often ill- 
prepared to take on caregiving tasks, such as providing wound care and overseeing complex medication management.9 

Caregiver burden refers to the multifaceted biological, psychological, and social experiences felt by caregivers, which are 
related to imbalances in caregiver needs, support, and resources.8,10 The majority of informal family caregivers have 
experienced severe fatigue, stress, anxiety, and depression associated with emotional disturbances and caregiving burdens 
that impact their lives and health.11 Research showed12 that caregivers of schizophrenic patients with high anxiety and 
stress can increase caregiver burden and reduce the medication adherence of patients. Ni et al13 found that good family 
functioning can enhance the family caregivers’ ability to give practical support, such as supervising medication-adverse 
reactions, which is a positive predictor of medication adherence in patients with MVR. However, the research exploring 
the potential mechanisms which underline the relationship between family caregiver burden and medication adherence 
remains limited.

Positive psychological capital is the organizational application of positive psychology, which refers to the positive state of 
individual psychological development, consisting of self-efficacy, optimism, hope, and resilience.14 Researchers have 
recognized the link between psychological health and cardiovascular disease (CVD) for a long time, but most focused on 
the impact of negative emotions on disease in patients,15 while recent evidences suggest that positive psychological factors are 
associated with reduced risk of heart attack, stroke, and cardiovascular death.16–18 The positive psychological changes of 
patients are considered to be a protective factor against family caregiver burden.19 Post-traumatic growth (PTG) means the 
positive changes after the individual has experienced a challenge or trauma, and social support is one of the essential resilience 
factors.20,21 Currently, there are few studies on the positive effects of PTG on patients after MVR. However, Rahimi and 
Eraslan et al found a significant negative relationship between PTG and family caregiver burden in patients with myocardial 
infarction or cancer.22,23 Furthermore, some studies have showed that reducing family caregiver burden by improving social 
support can enhance patients’ PTG levels, which in turn increases patients’ confidence in the disease and adherence, thus 
positively affecting the prognosis of diseases.21,24,25 Therefore, this study proposes that PTG may play a mediating role 
between family caregiver burden and medication adherence in patients after MVR.

Medication literacy (ML), as a component of health literacy, refers to the cognitive and social skills necessary for 
individuals to obtain, understand, communicate, calculate and process patient-specific information about medications to 
make informed medication and health decisions, so that patients can take drugs safely and effectively.26 Individual and social 
factors are widely accepted to influence person to develop and maintain medication literacy, such as age, medication dosage, 
education level, and family support.18,27,28 Recent evidence suggested a weak positive relationship between health literacy and 
medication adherence,29 but a study from China reported a significant association between ML and medication adherence.30 

These show that the extent of interaction between ML and medication adherence is still uncertain. Furthermore, a study by 
Qiao et al showed that social support is positively associated with ML in patients.18 In other words, family caregivers are 
unable to provide comprehensive medication information and emotional support, which will lead to medication errors or 
adverse emotions in patients31 and may increase the risk of cardiovascular adverse events, such as rehospitalization and death, 
thus increasing the burden on family caregivers.32 Therefore, this study proposes that ML may play a mediating role between 
family caregiver burden and medication adherence in patients after MVR.

In conclusion, this study aims to construct a mediation model to further explore the influence of family caregiver 
burden on medication adherence and its internal mechanism of Chinese patients after MVR, to improve the quality of life 
during recovery. Specifically, we would examine the idea that the family caregiver burden would be associated with 
medication adherence through PTG or ML (Figure 1).
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Materials and Methods
Design and Setting
A cross-sectional study was conducted in the department of cardiac surgery at three tertiary first-class hospitals in 
Changsha, which is located in central China, from July 2021 to December 2021. A convenience sampling method was 
used to select tertiary first-class hospitals, and a cluster sampling method was used to recruit MVR patients. Cardiac 
surgery nurses receiving comprehensive instruction and unified training served as research assistants for questionnaire 
collection. They were able to follow the standardized procedure in the process of collecting the questionnaires. In this 
study, a mediation model was constructed to examine the role of PTG or ML on the relationship between family 
caregiver burden and medication adherence. The study was approved by the Research Ethics Committee of Hunan 
Normal University (No.2022-274).

Participants and Procedures
The inclusion criteria were: (1) patients with preoperative diagnosis of valvular heart disease who underwent MVR under 
general anesthesia and extracorporeal circulation; (2) agreed to participate in this study; (3) aged 18 years or older; (4) no 
serious postoperative complications (eg, haemorrhage, cerebral infarction, acute heart failure, acute respiratory distress 
syndrome, paravalvular leakage, or cardiac arrest), prothrombin time and international normalized ratio were normal at 
discharge; and (5) were able to read and understand the questionnaires, had a nice communication ability. Patients with 
mental illness or cognitive impairment were excluded. Eligible patients were informed about the purposes, contents, and 
investigation procedures of this study, and signed informed consent before the investigation. All paper-based question-
naires were completed by patients and their caregivers on-site. All questionnaires were reclaimed on the spot after 
completion and were checked for missing items. If there were missing items in the returned questionnaire, it was invalid 
questionnaire.

Sample Size
Based on Harrell’s suggested rule of thumb33 and each variable in the linear regression model has a minimum of 10 
subjects, the sample size was estimated to be 200. Besides, taking into account a 10% invalid questionnaire rate, the 
sample size was estimated to be 220.

Data Collection Tools
Participant Characteristics
The general information questionnaire was designed by ourselves to obtain characteristics, including gender, age, marital 
status, residential address, lifestyle, occupation, education level, medical payment method, personal monthly income, 
combined with other diseases or not, preoperative medication or not, type of medicine, number of doses per day, side 
effects of anticoagulants, and received health education on anticoagulant drugs or not.

Figure 1 The hypothesized mediation model. 
Abbreviations: PTG, Post-traumatic Growth; ML, Medication Literacy.
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Medication Adherence (The Chinese Revised Version of 8-Item Morisky Medication Adherence Scale, 
C-MMAS-8)
The 8-Item Morisky Medication Adherence Scale was designed by Morisky et al,34 which was developed from the 
MMAS-4.35 The scale was initially applied to patients with hypertension,36,37 and the Chinese version was revised by Si 
et al in 2012.38 The scale includes 8 items, 1 to 7 of them need to be scored in the way of “yes” or “no” (“yes” = 0 and 
“no” = 1). Article 5 adopts the methods of reverse scoring, and article 8 adopts a Likert 5-level scoring system. The total 
score of 8 or more is high medication adherence, 6–<8 is medium, and below <6 is low. This study used the Chinese 
revised version, which was used to assess the compliance of patients after MVR, and Cronbach’s α coefficient for the 
scale was 0.81.38

Family Caregiver Burden (Zarit Caregiver Burden Interview, ZBI)
Zarit Caregiver Burden Interview (ZBI) was used to assess family caregiver burden.39 It was designed on the basis of the 
nursing burden measurement theory proposed by Zarit et al in the 1980s. In 2006, Wang et al40 translated the ZBI into 
a Chinese version, and the overall scale Cronbach’s α coefficient was 0.87, indicating good reliability. The scale includes 
two dimensions, personal burden and responsibility burden. Personal burden consists of Items 1, 4, 5, 8, 9, 14, 16, 17, 18, 
19, 20, 21, responsibility burden consists of Items 2, 3, 6, 11, 12, 13, Item 22 is the total care burden felt by the caregiver, 
which is rated on a 5-point Likert scale ranging from 0 to 4 (0 = “never” to 4 = “often”). The total score of ZBI ranges 
from 0 to 88, less than 21 indicates no or mild burden, 21 to 39 indicates moderate burden, and a score of 40 and above 
indicates severe burden. The Chinese revision is being widely used in China for patients with cardiovascular diseases and 
has shown good reliability and validity.41

Post-Traumatic Growth (Post-Traumatic Growth Inventory, PTGI)
The Post-traumatic Growth Inventory was designed by Tedeschi and Calhoun, who were American psychologists in 
1996.42 The Chinese version was translated and revised by Wang et al in 2011.43

It is used to assess the positive changes and growth of individuals after trauma. The scale has 5 dimensions 21 self-reported 
items, including 7 items of “relating to others” (6, 8, 9, 15, 16, 20, 21), 5 items of new possibilities (3, 7, 11, 14, 17), 4 items of 
personal strength (4, 10, 12, 19), 3 items of appreciation of life (1, 2, 13), 2 items of spiritual change (5, 18). Using the Likert 
6-level scoring method from 0 to 5 (“no change at all” = 0 to “very many such changes” = 5) assessed each item. The total 
score ranges from 0 to 105, 0–35 is divided into “low” level, 36–71 is divided into “medium” level, and 72–105 is divided into 
“high level”. The higher the score, the better the post-traumatic growth level. The revised Chinese version is appropriate for 
the area of cardiovascular disease in China, and its reliability and validity are acceptable.44

Medication Literacy (Medication Literacy Assessment in Spanish and English, MedLitRxSE)
The questionnaire was compiled by Professor Maniaci of Mayo Hospital in the United States,45 and Zheng et al46 

sinicized it according to Chinese national conditions and cultural characteristics. The content of the Chinese version 
involves evaluating the ability to understand, calculating and processing drug information. A two-point system was used 
to score (“correct” = 1 and “error” = 0), and the higher the total score, the higher the level of patient’s medication literacy. 
The test–retest reliability was 0.885, the split-half reliability was 0.840, and the K-R value was 0.820. For this study, the 
revised Chinese version was adopted and Cronbach’s α coefficient of this scale was 0.80 in patients after MVR.13

Statistical Analyses
Uniform coding after questionnaire recovery, data were analyzed using SPSS 23.0 and AMOS 22.0. For continuous data, 
variables were described as the means and standard deviations (SDs), and the differences between groups were compared 
using independent sample t-test. For categorical data, variables were described as counts and percentages, and the 
differences between groups were compared using the chi-square (χ2) test. Multiple stepwise regression was used to 
explore significant predictors of medication adherence. Pearson correlation was used to assess the relationship among 
medication adherence, family caregiver burden, PTG, and ML. In this study, a structural equation model (SEM) with 
maximum likelihood estimation was used to test the hypotheses outlined in the conceptual model (Figure 1). The model 
fit was assessed based on the following model-fit indices:47 chi-square (χ2), goodness of fit index (GFI), adjusted 
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goodness-of-fit-index (AGFI), incremental fit index (IFI), comparative fit index (CFI), Tucker-Lewis index (TLI), 
normed fit index (NFI), and root mean square error of approximation (RMSEA). According to the hypothesized 
model, we calculated the mediating effect on PTG and ML in the relationship between family caregiver burden and 
medication adherence, respectively. The bootstrapping method is used to analyze the indirect mediation effects of post- 
traumatic growth. All P ≤ 0.05 (two-sided) was considered statistically significant.

Results
Characteristics of Patients Effect Main Variables
A total of 210 questionnaires were distributed in this study, 206 valid questionnaires were recovered, and 4 invalid 
questionnaires were excluded. Finally, the effective response rate was 98.09%. Among the 206 participants, the average 
age was 54.78 ± 11.43, of which 97 (47.1%) participants were male, 109 (52.9%) were female, 96.1% were taking only 
one anticoagulant drug (warfarin). The characteristics of patients are presented in Table 1. The univariate analysis 
showed that male patients had significantly higher levels of medication adherence compared to the females (P = 0.035). 
Also, patients with health insurance had greater medication adherence (P = 0.020). Medical payment method (P = 0.004) 

Table 1 Comparison of Medication Adherence, Family Caregiver Burden, Post-Traumatic Growth and Medication 
Literacy (n = 206, x� s)

Variables N (%) Medication Adherence Family Caregiver Burden PTG ML

Age (years)
<40 30 (14.6) 5.64±1.67 27.67±10.89 68.90±17.19 8.30±4.12

40~50 38 (18.4) 5.78±1.70 33.03±15.09 65.37±16.59 9.08±3.79

50~60 72 (35.0) 5.77±1.74 32.64±13.36 64.24±15.10 9.14±3.89
≥60 66 (32.0) 5.66±1.98 28.47±14.12 67.45±18.58 9.27±3.27

F 0.075 1.940 0.735 0.500

P 0.973 0.124 0.532 0.683
Children

0~1 51 (24.8) 6.04±1.44 33.47±10.90 68.47±15.06 9.29±3.75

2 95 (46.1) 5.59±1.94 30.70±14.05 64.39±17.50 9.04±3.75
≥3 60 (29.1) 5.65±1.81 28.17±15.02 66.98±16.82 8.85±3.64

F 1.106 2.084 1.080 0.197

P 0.822 0.127 0.314 0.822
Gender

Male 97 (47.1) 6.00±1.84 29.59±12.89 65.20±16.70 9.24±3.58

Female 109 (52.9) 5.47±1.71 31.60±14.41 67.01±16.96 8.88±3.82
t 2.119 −1.049 −0.772 0.688

P 0.035 0.295 0.441 0.492

Marital status
Unmarried/Divorced/Widowed 13 (6.3) 6.04±1.35 34.77±8.77 70.31±19.08 6.85±4.58

Married 193 (93.7) 5.70±1.82 30.37±13.96 65.88±16.68 9.20±3.61

t 0.663 1.119 0.919 −2.235
P 0.508 0.264 0.359 0.026

Occupation

Famer 122 (59.2) 5.76±1.70 31.22±14.07 66.93±16.23 8.70±4.03
Self-employed household 35 (17.0) 5.54±2.07 27.09±15.18 69.20±17.97 9.63±2.91

Staff member 49 (23.8) 5.75±1.83 31.78±11.40 62.04±17.03 9.51±3.31
F 0.222 1.459 2.196 1.363

P 0.801 0.235 0.114 0.258

Education level
Elementary school and below 71 (34.5) 5.45±1.92 32.39±14.12 66.85±16.49 9.11±3.98

Junior high school 77 (37.4) 5.86±1.78 28.97±13.26 65.75±17.06 8.58±3.73

(Continued)
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and type of anticoagulant medication (P = 0.008) were associated with family caregiver burden, marital status (P = 
0.026) and primary caregiver (P = 0.000) were associated with ML, and all variables were not statistically correlated 
with PTG (P > 0.05) (Table 1).

Multiple Stepwise Regression Analysis of Medication Adherence
The analysis showed that the family caregiver burden (P = 0.001), PTG (P = 0.001), gender (P = 0.026), and medical payment 
method (P = 0.044) were the interfering factors of medication adherence in patients after MVR (adjusted R2 = 0.164; P < 
0.001). Marital status, type of anticoagulant, and ML were not associated with medication adherence (Table 2).

Table 1 (Continued). 

Variables N (%) Medication Adherence Family Caregiver Burden PTG ML

High school 43 (20.9) 5.83±1.66 29.49±14.74 65.91±16.58 9.41±3.33

Undergraduate 15 (7.3) 5.92±1.59 34.33±10.10 65.67±19.39 10.06±3.17
F 0.778 1.234 0.061 0.929

P 0.507 0.299 0.980 0.428

Medical payment method
Self-pay 12 (5.8) 4.42±2.02 37.83±8.49 59.50±16.35 9.00±4.13

Urban medical insurance 42 (20.4) 5.55±1.68 35.21±9.90 64.50±16.14 9.26±3.49

rural medical insurance 152 (73.8) 5.87±1.77 28.82±13.50 67.14±16.99 8.99±3.75
t 4.001 5.557 1.408 0.087

P 0.020 0.004 0.247 0.917

monthly income (RMB)
<1000 91 (44.2) 5.71±1.91 30.23±14.98 66.30±17.83 9.18±3.71

1000~3000 65 (31.6) 5.68±1.63 29.12±13.68 66.98±16.17 9.08±3.74

>3000 50 (24.3) 5.77±1.80 33.40±10.92 64.82±15.96 8.78±3.70
F 0.30 1.457 0.238 0.184

P 0.971 0.235 0.788 0.831

Years of illness
<10 163 (79.1) 5.74±1.78 31.09±13.66 66.48±16.10 8.98±3.82

≥10 43 (20.9) 5.65±1.83 28.98±13.97 64.93±19.49 9.30±3.25
t 0.305 0.663 0.374 −0.504

P 0.760 0.370133 0.593 0.615

Hospitalization time (day)
<15 133 (64.6) 5.75±1.69 30.59±14.14 67.43±15.66 9.01±3.79

≥15 73 (35.4) 5.66±1.97 30.77±13.01 63.84±18.63 9.12±3.57

t 0.328 −0.90 1.471 −0.214
P 0.743 0.928 0.143 0.831

Mainly caregiver

Oneself 29 (14.1) 5.74±1.89 31.17±13.20 69.79±15.43 7.28±4.32
Spouse 136 (66.0) 5.68±1.75 30.44±13.82 66.06±17.16 9.81±1.75

Child 41 (19.9) 5.83±1.90 30.98±14.05 63.88±16.58 7.78±4.26

F 0.108 0.048 1.056 9.272
P 0.897 0.953 0.350 0.000

Types of anticoagulants

One 198 (96.1) 5.74±1.79 30.14±3.51 66.29±17.11 9.03±3.70
Two 8 (3.9) 5.16±1.89 43.25±13.63 62.75±5.97 9.50±4.04

t 0.908 −2.690 0.043 −0.351

P 0.365 0.008 0.171 0.726

Notes: The MMAS-8 Scale, content, name, and trademarks are protected by US copyright and trademark laws. Permission for use of the scale and its coding is 
required. A license agreement is available from MMAR, LLC., Donald E. Morisky, ScD, ScM, MSPH, USA; donald.morisky@moriskyscale.com. 
Abbreviations: PTG, Post-traumatic Growth; ML, Medication Literacy; x� s, Mean ± standard deviation; t, Student’s t-test; F, F-test; P, P-value.
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Mean Scores and Correlation Matrix of Main Variables
The means and standard deviations of medication adherence, PTG, family caregiver burden, and ML are shown in 
Table 3. Family caregiver burden was negatively associated with medication adherence (r = −0.310, P < 0.01), while 
PTG was positively related to medication adherence (r = 0.284, P < 0.01). PTG was negatively correlated with family 
caregiver burden (r = −0.226, P < 0.01) (Table 3).

Structural Equation Model of Medication Adherence
Structural equation model was performed to test the path relationship among medication adherence, post-traumatic 
growth, and family caregiver burden. The model was calculated using the maximum likelihood ratio, and the mediating 
effect test was performed using the bootstrapping method. The final model showed good model-fit indices (χ2 /df = 2.662, 
GFI = 0.915, AGFI = 0.903, IFI = 0.910, CFI = 0.909, TLI = 0.914, NFI = 0.940, RMSEA = 0.078). The results showed 
that family caregiver burden negatively predicted medication adherence and post-traumatic growth (β = −0.36, β = −0.24, 
P < 0.001), post-traumatic growth positively predicted medication adherence (β = 0.32, P < 0.001). Moreover, the 
mediated effect value for post-traumatic growth was 0.07, accounting for 0.07/0.29 × 100% = 24.14% of the total effect. 
All paths are shown in Figure 2. Standardized direct, indirect and mediated effects are summarized in Table 4.

Discussion
Non-adherence to medication in post-operative MVR patients can lead to poor clinical outcomes, higher disease 
mortality, and unnecessary health care expenditures,48 so it is essential to enhance long-term survival by improving 
medication adherence in this patient population. The mean medication adherence score was 5.72 ± 1.79, with 43.7% of 
participants in low adherence, which was higher than the 13.2% to 33.26% in studies conducted in China and other 
countries,49,50 this difference may be related to the study region, design and sample size. However, it still indicated that 
medication adherence was suboptimal and improving medication adherence in patients after MVR was a significant 
problem to be solved urgently. At the same time, our results showed that gender and medical payment methods were 
independent factors affecting medication adherence, which was consistent with previous studies. Vervloet et al found that 
female patients have lower adherence to cardiovascular medications compared to males.51 Several other studies have 
indicated poor medication adherence in female patients due to medication susceptibility, medication side effects, and 

Table 2 Multiple Stepwise Regression Analysis of Medication Adherence in Patients 
(n = 206)

Varible B SE β t P-value

Constant 5.896 0.661 8.917 0.000

Family Caregiver Burden −0.030 0.009 −0.231 −3.486 0.001

Post-traumatic Growth 0.024 0.007 0.226 3.434 0.001
Gender −0.515 0.230 −0.144 −2.242 0.026

Medical payment method −1.000 0.492 −0.131 −2.031 0.044

Abbreviations: B, unstandardized linear coefficients; SE, standard error; β, standardized linear coefficients.

Table 3 Mean Scores and Correlation Matrix of Medication Adherence, Family Caregiver Burden, Post-Traumatic 
Growth and Medication Literacy (n = 206)

Varible Mean (SD) Medication Adherence Family Caregiver Burden PTG ML

Medication Adherence 5.72 (1.79) 1

Family Caregiver Burden 64.00 (30.65) −0.310** 1

PTG 66.16 (16.82) 0.284** −0.226** 1
ML 9.05 (3.71) 0.018 −0.08 −0.03 1

Note: **P < 0.01. 
Abbreviations: PTG, Post-traumatic Growth; ML, Medication Literacy; SD, standard deviation.
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perception of taking medication.52–54 In addition, a systematic evaluation also pointed out that poor medication 
adherence was associated with high out-of-pocket expenditures, low income, financial flexibility, or lack of medication 
insurance.55 This study found the relationship among medication adherence, family caregiver burden, PTG, ML and 
provided a basis for understanding the influencing factors that may improve medication adherence in patients after MVR. 
The equation modeling results demonstrated that family caregiver burden and PTG were critical predictors of medication 
adherence. Specifically, the family caregiver burden had a direct effect on medication adherence and an indirect effect on 
medication adherence through PTG.

The caregiving capacity of family caregivers was one of the important factors to facilitate patients’ adherence, and 
poor medication adherence was associated with family caregiver burden.12 Our findings demonstrated that family 
caregiver burden was a negative predictor of medication adherence in patients after MVR. As reported in previous 
studies, family caregivers played a critical role in monitoring medication adherence and medication side effects. 
Caregivers with heavy burdens may lack knowledge and skills in medication management, which leads to poor 
medication adherence in patients.13,56,57 In conclusion, healthcare providers should assess the family caregiver burden 
level of patients before instructing medication self-management and pay more attention to patients with higher family 
caregiving burdens. Furthermore, during the nursing care, healthcare providers should keep pace with the health status 
and needs of family caregivers, actively provide resources and assistances to them, and encourage caregivers to express 
their negative emotions, which will strengthen their role in ensuring optimal medication adherence for patients 
after MVR.

Figure 2 Structural equation model of medication adherence (with standardized regression coefficients). 
Abbreviations: ZBI, Zarit Caregiver Burden Interview; PTGI, The Post-traumatic Growth Inventory; C-MMAS-8, The Chinese Revised Version of 8-Item Morisky 
Medication Adherence Scale; Q1~8, Questions 1 to 8; e1~8, error 1 to 8.

Table 4 Direct, Indirect and Total Effects of Variables in the Model

Value SE 95% CI Proportion

Total effect 0.29 2.405 −0.042~-0.018

Direct effect 0.22 0.034 −0.036~-1.642 75.86%
Mediated effect 0.07 2.805 −0.016~-0.008 24.14%

Abbreviations: SE, Standard error; CI, confidence interval.
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Additionally, in this study, PTG was a mediating variable in the influence of family caregiver burden on medication 
adherence in patients after MVR. In other words, low burden of family caregiver helped to improve the PTG level of 
patients, which impacted the medication adherence. Hu et al found that caregivers with heavy burdens were more likely 
to experience negative emotions such as anxiety and depression, which reduced their motivation to care. They were 
unable to provide adequate medication information and emotional support to patients, thus affecting the treatment and 
recovery.58 Furthermore, as previously reported, patients’ PTG levels could be enhanced by increasing social support, 
and patients with higher PTG levels were more confident in better health outcomes and medication adherence.59,60 Above 
all, healthcare professionals can improve the PTG levels of patients with MVR by reducing family burden, increasing 
social support, and focusing on positive psychological changes.

In the conceptual model, medication literacy was an important predictor of medication adherence, and previous 
studies supported this hypothesis.6,13 However, our study did not find a direct effect of ML on medication adherence and 
also failed to find a mediating role for medication literacy as a mediator of family caregiver burden and medication 
adherence. It probably relates to the following reasons: (1) ML assessment focuses on the reading comprehension and 
computational skills of the subjects and evaluates medication information, not accurately assesses the extent of the 
correlation between medication adherence and ML; and (2) The mean value of ML score in this study is 9.05 ± 3.71, 
which is higher than prior study,13 and the difference is probably related to the study population, design and degree of 
education.27 However, 74.6% of the patients felt various difficulties to some extent in adhering to regular and quantitative 
medication, which was mainly related to the anxiety caused by the fear of adverse drug reactions, thus affecting the level 
of PTG and the adherence of medication in patients after MVR. Although medication literacy has not direct or indirect 
effects on medication adherence, healthcare providers should also focus on the patients’ medication literacy to further 
improve the level of medication adherence.

Conclusion
Our study identified some factors associated with medication adherence in patients after MVR and clarified the 
relationship among them. Meantime, the mediating effect of post-traumatic growth between family caregiver burden 
and medication adherence existed in patients with MVR, thus providing a new perspective on intervention studies related 
to medication adherence and a basis for developing intervention programs aimed at improving patients’ medication 
adherence. Furthermore, the intervention that considering post-traumatic growth may be useful to increase medication 
adherence and improve patient rehabilitation.

Abbreviations
VHD, Valvular heart disease; MVR, Mechanical valve replacement; PTG, Post-traumatic growth; ML, Medication 
literacy; CVD, Cardiovascular disease; SEM, Structural equation model; SD, standard deviation; ZBI, Zarit Caregiver 
Burden Interview; PTGI, The Post-traumatic Growth Inventory; C-MMAS-8, The Chinese Revised Version of 8-Item 
Morisky Medication Adherence Scale; SE, standard error; CI, confidence interval.
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