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Abstract
BACKGROUND 
Non-alcoholic fatty liver disease (NAFLD) is the most common liver disease 
worldwide, affecting about 1/4th of the global population and causing a huge 
global economic burden. To date, no drugs have been approved for the treatment 
of NAFLD, making the correction of unhealthy lifestyles the principle method of 
treatment. Identifying patients with poor adherence to lifestyle correction and 
attempting to improve their adherence are therefore very important.

AIM 
To develop and validate a scale that can rapidly assess the adherence of patients 
with NAFLD to lifestyle interventions.

METHODS 
The Exercise and Diet Adherence Scale (EDAS) was designed based on com-
pilation using the Delphi method, and its reliability was subsequently evaluated. 
Demographic and laboratory indicators were measured, and patients completed 
the EDAS questionnaire at baseline and after 6 months. The efficacy of the EDAS 
was evaluated in the initial cohort. Subsequently, the efficacy of the EDAS was 
internally verified in a validation cohort.

RESULTS 

https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v30.i10.1393
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The EDAS consisted of 33 items in six dimensions, with a total of 165 points. Total EDAS score correlated 
significantly with daily number of exercise and daily reduction in calorie intake (P < 0.05 each), but not with 
overall weight loss. A total score of 116 was excellent in predicting adherence to daily reduction in calorie intake (> 
500 kacl/d), (sensitivity/specificity was 100.0%/75.8%), while patients score below 97 could nearly rule out the 
possibility of daily exercise (sensitivity/specificity was 89.5%/44.4%). Total EDAS scores ≥ 116, 97-115, and < 97 
points were indicative of good, average, and poor adherence, respectively, to diet and exercise recommendations.

CONCLUSION 
The EDAS can reliably assess the adherence of patients with NAFLD to lifestyle interventions and have clinical 
application in this population.

Key Words: Fatty liver; Lifestyle intervention; Behavioral change; Patient adherence; Compliance

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study developed and validated an Exercise and Diet Adherence Scale (EDAS) to rapidly assess adherence to 
lifestyle interventions in patients with non-alcoholic fatty liver disease (NAFLD). Patients can be grouped based on their 
EDAS scores and receive personalized treatments accordingly. The EDAS demonstrated reliability and effectiveness in 
predicting adherence to lifestyle changes and served as a vital tool in the clinical management of patients with NAFLD.

Citation: Zeng MH, Shi QY, Xu L, Mi YQ. Establishment and validation of an adherence prediction system for lifestyle interventions 
in non-alcoholic fatty liver disease. World J Gastroenterol 2024; 30(10): 1393-1404
URL: https://www.wjgnet.com/1007-9327/full/v30/i10/1393.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i10.1393

INTRODUCTION
The prevalence of non-alcoholic fatty liver disease (NAFLD) has been increasing over the past few decades, with this 
disease estimated to affect more than 30% of adults worldwide[1]. NAFLD is a progressive disease that can give rise to 
complications, such as hepatocellular carcinoma (HCC) and cardiovascular disease, which place a burden on the health 
care system and economy[2]. Additionally, the United Network for Organ Sharing has reported that NAFLD is currently 
the second leading indication for all liver transplants and will become the primary indication for liver transplantation in 
patients with HCC[3,4].

To date, no drugs have been approved for the treatment of NAFLD, with correction of unhealthy lifestyles remains a 
fundamental means of curing it. Therapeutic lifestyle changes can have a direct or significant effect on patients with 
NAFLD and contribute to a high rate of “placebo response”[5-8]. Because exercises and diets vary greatly, however, it has 
been difficult to quantify and evaluate patient adherence with these changes. Lifestyle interventions rely on patients’ 
“conscious” adherence to recommendations, with patient “self-reporting” required to evaluate adherence. Thus, patients 
must be intrinsically motivated to change their lifestyles. Some patients, however, are unable or unwilling to adhere to 
recommendations about diet and exercise. Approximately 3%-4% of healthy people are diagnosed with NAFLD each 
year, with lifestyle changes resulting in improvements in only 60% of these patients[9]. Additionally, the high rates of 
cardiovascular diseases, osteoarthritis and rheumatism in patients with NAFLD make exercise interventions difficult, 
with other conditions, including depression and anxiety, limiting the persistence of dietary interventions[10]. The 
adherence to lifestyle interventions for NAFLD remains largely unexplored. A questionnaire assessing adherence with 
lifestyle interventions is therefore urgently needed. This questionnaire can be used in the clinical and scientific 
assessment of patients with NAFLD, especially in assessing their responses to lifestyle changes (Figure 1).

MATERIALS AND METHODS
Objects
Data from NAFLD patients aged 18-70 years who were admitted to the Second People’s Hospital of Tianjin from August 
2013 to January 2014 were used to design the Exercise and Diet Adherence Scale (EDAS). The practice guidelines of the 
American Gastroenterological Association, the American Association for the Study of Liver Diseases, and the American 
College of Gastroenterology have defined NAFLD as an imaging or pathological diagnosis of hepatic steatosis in the 
absence of other known secondary causes of hepatic steatosis[11]. Patients with NAFLD combined with viral hepatitis, 
autoimmune liver disease and other types of hepatitis, those suspected of having cirrhosis or liver cancer; and men and 
women who consumed > 140 g and > 70 g, respectively, of alcohol per week were excluded. Also excluded were patients 
with serum creatinine concentrations > 1.5 times the upper limit of normal, and those with other serious systemic or 

https://www.wjgnet.com/1007-9327/full/v30/i10/1393.htm
https://dx.doi.org/10.3748/wjg.v30.i10.1393
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Figure 1 Study flow chart, showing the method used to develop and verify the Exercise and Diet Adherence Scale. EDAS: Exercise and Diet 
Adherence Scale.

infectious diseases, such as malignant tumors and severe cardiopulmonary diseases. Patients unable to control their diets 
or perform aerobic exercises due to illness or other reasons were also excluded. The validation cohort consisted of 
patients with NAFLD who were admitted between October 2022 and June 2023, using the same inclusion and exclusion 
criteria.

Sample size was calculated using a factor analysis approach, with eight times the number of items in the largest 
dimension of the EDAS, which has seven items. Based on a 20% dropout rate, the target enrollment was 67 participants. 
All patients enrolled in this study after providing informed consent.

Establishment of an item pool
Professional medical workers conducted face-to-face conversations with 20 patients with typical NAFLD. The reasons 
mentioned by the patients that affected their exercise and diet adherence were recorded in detail. Subsequently, the scale 
was divided into the following five dimensions and 36 items: Understanding and valuing (eight items), belief (six items), 
self-control (12 items), conditional restrictions (eight items), and mental stress in life and work (two items). To assess the 
validity of these items, the scale was analyzed using the Delphi method.

Initial screening of items
Five professors with NAFLD as their research field and one professor of psychology were selected for consultation. Some 
of these experts believed that “mental stress in life and work” should be incorporated into the condition “conditional 
restriction”; that “self-control” should be divided into “self-control of diet” and “strengthen exercise self-control”; and 
that “conditional restriction” should be divided into “control dietary conditions”, and “strengthen conditions for 
exercise”. After modification, the experts were again consulted and the importance of these items were scored. Each item 
was rated on a scale of 1-9 points, with higher score indicating greater importance. Feedback was received from all six 
experts, with the average score of each item being greater than 7; moreover, the coefficients of variation were less than 
0.25, and the expert opinions tended to be consistent. The EDAS questionnaire was divided into the following six 
dimensions and 36 items: understanding and valuing (eight items), belief (six items), self-control of diet (seven items), 
strengthen exercise self-control (five items), control dietary conditions (three items), and strengthen conditions for 
exercise (seven items).

Rescreening and modification of the items
Based on the inclusion and exclusion criteria, 30 NAFLD patients were selected. Analysis of their completed question-
naires showed that the item “I believe that taking medicine can control fatty liver” in the dimension of “understanding 
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and valuing” had a low degree of discrimination, and that, after deleting the items “I will measure my weight” and “I 
will review it regularly” in the dimension of “belief” improved the internal consistencies of the dimension “belief” and 
the total scale. Thus, these three items are deleted. Analysis of exploratory factors found six common factors, which can 
correspond to six dimensions, indicating that the EDAS scale had good construct validity. The final version of the EDAS 
consisted of 33 items across six dimensions, with 15 items of these items being reverse scored. The lowest score on this 
scale was 33, and the highest was 165, with higher scores indicating better patient adherence with lifestyle interventions.

Survey of samples
Lifestyle interventions: The enrolled patients were subjected to exercise and dietary interventions for 6 months. Mode-
rate aerobic exercise was generally recommended, consisting of walking quickly more than four times a week for a 
cumulative total of at least 150-250 min. Patients with a preferred exercise method were allowed to do so, while recording 
it in detail. The 24-h diet of each patient was reviewed at baseline, including the names of foods and raw materials, the 
quantity of raw materials, and the time and place of eating. Dietary recommendations included a reduction of 500-1000 
kcal per day, consuming a balanced diet with low sugar and low fat, reducing the intake of sugary drinks and saturated 
fats, and increasing dietary fiber content. Beginning one week from the date of enrollment, the 24-h diet of each patient 
was reviewed after dinner on one day a week for the next 24 wk.

Demographic characteristics and laboratory indices: Body composition indices of patients were analyzed at baseline and 
after 3 and 6 months using InBodyS10 (Biospace, Seoul, South Korea). Parameters evaluated included weight, waist 
circumference, upper arm circumference and abdominal fat area. Laboratory variables, including serum concentrations of 
alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT), alkaline 
phosphatase (ALP), total bilirubin (TBIL), triglyceride (TG), total cholesterol (TC), fasting blood glucose (FBG), and 
umbilical artery, were measured by a chemiluminescence method an Hitachi automatic biochemical instrument-7180 and 
reagents purchased from Guang Co., Ltd. Controlled attenuation parameter (CAP) and liver stiffness measurement (LSM) 
were determined using a the FibroScan 502 Touch device (Echosens, Paris, France). A pedometer was given to each 
subject to record the number of days per week of exercise, the type of exercise and the number of steps walked by fast 
walking patients, and the type and time of daily exercise in non-fast walking patients.

Reliability and validity testing of the EDAS
Reliability was determined by measuring Cronbach’s α coefficient and test-retest reliability. Validity analysis included 
content, criterion, and construct. Content validity was evaluated by experts, criterion validity was assessed to select a 
recognized criterion to test the correlation between the criterion and the scale. Construct validity was tested by 
confirmatory factor analysis.

Statistical analysis
Normally distributed continuous data were reported as the mean ± SD and compared by t-tests, abnormally distributed 
continuous data were reported as median and interquartile intervals and compared by rank sum tests, and categorical 
variables were reported as number (%) and compared by chi-squared tests. Reliability was analyzed by determining 
internal consistency and test-retest reliability. Internal consistency was expressed as Cronbach’s α coefficient, which 
ranged from 0-1, with values of 0.8-0.9, 0.7-0.8, and 0.6-0.7 indicating very good, good, and minimally acceptable values.

The retest interval was one week, with test-retest reliability determined by analyzing the correlation coefficient of two 
scores, with a retest reliability > 0.7 considered good. Correlations of normally distributed data were determined using 
Pearson correlation coefficients, whereas correlations of non-normally distributed data were determined using Spearman 
correlation coefficients.

Validity analysis included content validity, criterion validity and construct validity. Content validity was evaluated by 
experts, with the content validity index of each item scored as 1 (irrelevant), 2 (weakly relevant), 3 (strongly relevant), or 4 
(very relevant). The proportion of experts providing scores of 3 and 4 was defined as the content validity index of each 
item. Construct validity was evaluated by confirmatory factor analysis.

The efficacy of the EDAS score in judging exercise steps and reducing calorie intake was evaluated by determining the 
areas under the receiver operating characteristics curves (AUROC). The optimal critical value for adherence, as well as 
the sensitivity, specificity, positive predictive value, negative predictive value positive likelihood ratio and negative 
likelihood ratio, were determined based on the maximum value of the Jordan index. AUROCs of 0.9-1.0, 0.8-0.9, 0.7-0.8, 
and < 0.7 were indicative of excellent, good, average, and poor effectiveness of judgment, respectively.

Statistical analyses were performed using SPSS 27.0 (SPSS Inc., Chicago, IL, United States) and MedCalc 9.3 (MedCalc 
Software, Mariakerke, Belgium) software and OriginPro 9.0 (OriginPro, Northampton, United States) was used for 
mapping. A P value < 0.05 was considered statistically significant.

RESULTS
Characteristics of the enrolled population
This study included a total of 81 patients with NAFLD, with 66 completed the follow-up. The average amount of daily 
exercise completed was 4519 steps/d, and the caloric intake was reduced to 68 kcal/d. Of the 66 subjects, 37 (56.1%) lost 
weight. The average weight loss of these 37 subjects was 4.2 kg ± 2.9 kg, with the maximum weight loss being 15 kg 
(Table 1).
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Table 1 Characteristics of enrolled subjects

Variable Numerical value

Male, n (%) 49 (74.2)

Age (yr), mean ± SD 39 ± 12

Fatty liver disease course (month) (M, Q) 36 (9.0)

Smoking, n (%) 15 (22.7)

Likes fried food, n (%) 20 (30.3)

BMI (kg/m2), mean ± SD 28.4 ± 3.3

Waist-hip ratio, mean ± SD 0.9 ± 0.0

Abnormal blood pressure, n (%) 20 (30.3)

ALT (U/L) (M, Q) 64.5 (60.8)

AST (U/L) (M, Q) 36.0 (25.4)

GGT (U/L) (M, Q) 48.0 (44.0)

ALP (U/L) (M, Q) 78.0 (29.5)

TBIL (µmol/L) (M, Q) 14.7 (7.3)

FBG (mmol/L) (M, Q) 6.0 (0.9)

TG (mmol/L) (M, Q) 2.0 (1.3)

CHO (mmol/L), mean ± SD 5.0 ± 1.1

FINS (µU/L) (M, Q) 13.9 (8.2)

UA (µmol/L) (M, Q) 421.5 (116.5)

CAP (dB/m), mean ± SD 331.4 ± 33.0

LSM (kPa) (M, Q) 6.6 (2.9)

Walking (number of steps) (M, Q) 4519.0 (4564.5)

Reduction in caloric intake (kcal) (M, Q) 68.0 (127.8)

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: Gamma-glutamyl transferase; ALP: Alkaline phosphatase; TBIL: Total bilirubin; 
TG: Triglyceride; TC: Total cholesterol; UA: Umbilical artery; BMI: Body mass index; FBG: Fasting blood glucose; FINS: Fasting insulin; CAP: Controlled 
attenuation parameter; LSM: Liver stiffness measurement.

Discrimination and reliability analysis of the EDAS
A comparison of the 27% of patients with the highest scores and the 27% of patients with the lowest scores showed that 
each item differed significantly (P < 0.05). The test-retest reliability after one week was 0.82. The internal consistency 
reliabilities of the seven dimensions were 0.739, 0.747, 0.771, 0.813, 0.791, 0.776, and 0.874, respectively, with each being 
above 0.7, and the Cronbach’s α coefficient of the total scale being 0.874 (Table 2). The inter-dimension correlation of 
EDAS ranged from 0.050 (understanding and valuing and strengthening conditions for exercise) to 0.624 (controlling diet 
and exercise conditions). The correlations between pairs of dimensions were not strong, indicating that the contents of 
these items were less repetitive (Table 3).

Validity analysis of the EDAS
Evaluation by experts showed that the content validity index of the EDAS items was 1, indicating good content validity. 
The total score of the scale correlated significantly with daily walking or other exercises and daily reduction in calorie 
intake, but not with weight loss. The number of exercise steps per day correlated significantly with belief (r = 0.29, P = 
0.020), strengthening exercise self-control (r = 0.40, P = 0.001) and strengthening exercise conditions (r = 0.33, P = 0.007), 
whereas reduced daily calorie intake correlated significantly with belief (r = 0.34, 0.006), self-control of diet (r = 0.64, P < 
0.001), control of dietary conditions (r = 0.56, P < 0.001) and strengthening exercise conditions (r = 0.26, P = 0.035) 
(Table 4).

Confirmatory factor analysis of the EDAS showed that the KMO coefficient was 0.675 (P < 0.001 on the Bartlett 
spherical test), with the spherical hypothesis being rejected. Variance maximization orthogonal rotation in factor analysis 
identified six common factors. These six factors explained 66.2% of the total table, with factor 1 accounting for 25.4% of 
the variation in interpretation. After the second dimensionality reduction of the six dimensions, the KMO coefficient was 
0.710 (P < 0.001 on the Bartlett spherical test). Two common factors accounted for 64.7% of the total table; the first factor 
can be explained by external conditions and the second factor by internal motives.
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Table 2 Basic information and internal consistency reliability

EDAS Number of entries Score Mean score Standard deviation Lowest score Highest score Cronbach’s α

Understanding and valuing 7 35 24.65 4.64 13 35 0.739

Belief 4 20 16.23 2.39 7 20 0.747

Self-control of diet 7 35 22.39 3.89 10 33 0.771

Strengthen exercise self-control 5 25 15.00 3.65 7 25 0.813

Control dietary conditions 3 15 10.35 2.58 3 15 0.791

Strengthen exercise conditions 7 35 21.80 5.07 9 33 0.776

Total scale 33 165 110.42 14.49 67 149 0.874

EDAS: Exercise and Diet Adherence Scale.

Table 3 Correlations among the six dimensions

EDAS Understanding and 
valuing Belief Self-control 

of diet
Strengthen exercise 
self-control

Control dietary 
conditions

Strengthen exercise 
conditions

Understanding and 
valuing

1.000

Belief 0.280 1.000

Self-control of diet 0.056 0.335 1.000

Strengthen exercise 
self-control

0.096 0.324 0.455 1.000

Control dietary 
conditions

0.057 0.137 0.583 0.398 1.000

Strengthen exercise 
conditions

0.050 0.322 0.473 0.494 0.624 1.000

EDAS: Exercise and Diet Adherence Scale.

Table 4 Calibration validity analysis

r (P value)
EDAS

Daily exercise steps Daily calorie intake reduction (kcal) Weight loss (kg)

Understanding and valuing 0.03 (0.842) 0.11 (0.373) 0.05 (0.712)

Belief 0.29 (0.020)a 0.34 (0.006)a 0.24 (0.054)

Self-control of diet 0.23 (0.064) 0.64 (< 0.001)a 0.14 (0.262)

Strengthen exercise self-control 0.40 (0.001)a 0.17 (0.183) 0.14 (0.279)

Control dietary conditions 0.20 (0.104) 0.56 (< 0.001)a 0.26 (0.037)a

Strengthen exercise conditions 0.33 (0.007)a 0.26 (0.035)a 0.19 (0.133)

Total scale 0.37 (0.002)a 0.50 (< 0.001)a 0.24 (0.056)

aP < 0.05.
EDAS: Exercise and Diet Adherence Scale.

ROC curve analysis of the exercise and diet compliance of the EDAS
Exercise conditions were divided into five categories: ≤ 3000, 3000-5000, 5000-8000, 8000-10000, and ≥ 10000 steps per day. 
The EDAS in patients with NAFLD was highly sensitive in determining exercise conditions, but its specificity was low. 
EDAS scores < 97 were therefore indicative of a lack of daily exercise (Figures 2A and 3).
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Figure 2 Receiver operating characteristics analysis. A: Receiver operating characteristics (ROC) analysis of the relationship between total Exercise and 
Diet Adherence Scale (EDAS) score and daily exercise; B: ROC analysis of the relationship between total EDAS score and daily calorie reduction. AUROC: Areas 
under the receiver operating characteristics curves.

Figure 3  Efficacy of total score in judging daily exercise and daily calorie reduction.

The average daily calorie intake of patients was also divided into five categories: reductions of ≤ 50 kcal/d or an 
increase, and reductions of 50-100 kcal/d, 100-200 kcal/d, 200-500 kcal/d, and ≥ 500 kcal/d. The EDAS was highly 
sensitive and specific in determining large daily reductions in diet (> 500 kcal/d). EDAS scores > 116 were therefore 
indicative of a greater control of diet than scores below (Figures 2B and 3).

Verification of the effectiveness of the EDAS
Characteristics of the enrolled population: 121 NAFLD patients admitted to our hospital for fatty liver treatment from 
January 2022 to June 2023, with 103 of these patients’ completing follow-up. After excluding 22 patients who were not at 
the first visit and 10 who were not followed up after 3 or 6 month, 84 patients were included, including 62 who completed 
the 3-month follow-up and 57 who completed the 6-month follow-up. The average age of these 84 patients was 38 years. 
They had a mean ± SD body mass index of 28.19 ± 2.99 kg/m2, ALT of 87.64 ± 44.80 U/L, AST of 40.2 U/L, GGT of 52.0 
U/L, ALP of 72.0 U/L, and TBIL of 14.9 µmol/L. They had a mean ± SD FBG of 5.96 ± 0.76 mmol/L, TG of 1.8 mmol/L, 
FINS of 18.16 µU/L, CAP of 315.81 ± 35.16 dB/m, and LSM of 6.8 kPa. The EDAS questionnaire survey showed that 26 
patients (31.0%) had poor compliance, 37 (44.0%) had moderate compliance, and 21 (25.0%) had good compliance.

Results of verification: NAFLD patients with better adherence had a greater proportion of weight, abdominal circum-
ference, LSM reduction and ALT return to normal, but this difference decreased with the extension of follow-up months 
(Figure 4). The worse the compliance, the lower the proportion of blood glucose returning to normal in 6 months, in-
dicating that fatty liver will affect the control of blood sugar and make blood sugar fluctuate. Further exploring the effects 
of exercise and diet intervention on patients in different groups, it was found that ALT, abdominal circumference, arm 
circumference, CAP, and LSM of patients with high EDAS scores all changed significantly (P < 0.05), while TC in the 
three groups did not change significantly (P > 0.05) between 6 months of follow-up (Figure 5).
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Figure 4 Relationships between Exercise and Diet Adherence Scale grouping and various indicators of non-alcoholic fatty liver disease. 
A: 3 months; B: 6 months. ALT: Alanine aminotransferase; TBIL: Total bilirubin; GLU: Glucose; TC: Total cholesterol; AC: Abdominal circumference; CAP: Controlled 
attenuation parameter; LSM: Liver stiffness measurement.

DISCUSSION
Therapeutic changes in patient lifestyle remains the treatment of choice in NAFLD[12]. Because many of these patients 
are at high risk of cardiovascular disease, a healthy lifestyle can reduce its incidence[13]. Although adherence with 
therapeutic recommendations is important in managing chronic diseases[14], most patients have difficulty changing their 
long-standing dietary habits[15]. In addition, regular exercise decreases as patients age, with more than 50% of 
individuals stopping routine exercise and treatment within 1 year[16-18]. Early identification of patients with poor 
adherence can result in efforts to improve their adherence[19].

Most assessments of adherence are in relation to medication, but these studies have generally shown poor adherence
[20-23]. For example, a retrospective study of initial treatment of patients with type 2 diabetes found that 48% stopped 
their medication within the first year, with most discontinuations occurring within the first 3 months after starting 
treatment[24]. Moreover, only about 50% of patients with myocardial infarction show adherence with the long-term use 
of antihypertensive and lipid-lowering drugs[25]. Fewer studies to date have assessed adherence with lifestyle 
interventions than those on drugs. with physicians paying no attention to lifestyle modifications. Therefore, patients were 
less able to recognize the importance of lifestyle interventions.

NAFLD is a progressive liver disease, with histology ranging from steatosis to fibrosis and cirrhosis. NAFLD is the 
eighth most common cause of death worldwide, being responsible for 1.2 million annual deaths. To date, however, there 
is currently no comprehensive scale to evaluate adherence with lifestyle interventions for NAFLD at home or abroad. The 
EDAS scale described in the present study was based on standardized scale preparation requirements and is, to our 
knowledge, the first scale to measure adherence in patients with NAFLD.

The internal consistency reliability of each dimension of the EDAS was above 0.7, and the Cronbach’s α coefficient of 
the total volume table was 0.874. No strong correlation was observed among the dimensions, indicating that the item 
content was less repetitive. The test-retest reliability at one-week was 0.820, indicating that the EDAS has high stability, 
consistency, and reliability. Experts rated each item of the EDAS as level 3 or 4, making the item content validity index of 
the EDAS 1, indicating that content validity was good.

Daily number of exercise steps was directly proportional to three dimensions on the EDAS: Belief, exercise self-control 
and strengthen conditions for exercise. In addition, daily calorie intake reduction was proportional to three dimensions: 
Belief, self-control of diet and control dietary conditions. These findings indicate that the EDAS reflects the actual 
adherence of NAFLD patients before exercise and diet intervention. Belief was significantly and positively correlated 
with exercise enhancement and diet control, suggesting that physician encouragement and a good doctor-patient 
relationship can establish a belief in patients that they can cure or control NAFLD. Strengthening exercise self-control and 
conditions were related to exercise, whereas dietary self-control and conditions were related to diet, indicating that the 
EDAS can independently reflect the exercise and diet conditions of patients. In contrast, weight loss was only 
significantly related to the control of diet, possibly because a controlled diet is more likely to lead to weight loss than 
exercise.

Confirmatory factor analysis showed that the KMO coefficient was 0.710, with Bartlett’s spherical test showing a P 
value < 0.001. Two common factors were identified, with the most frequent variation being the control of dietary 
conditions. Thus, the importance of improving diet control conditions should be emphasized in patients with poor ad-
herence.

Clinically, patients with EDAS scores ≥ 116 should be regarded as having good adherence. If abnormalities in the liver 
function are not evident, lifestyle interventions alone can be administered. Adherence is considered general for patients 
with EDAS scores ranging from 97 to 115. The importance of lifestyle improvement should be emphasized in these 
patients, including improved adherence with exercise and diet recommendations, as well as treatment with hepatopro-
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Figure 5 Effects of lifestyle interventions on body composition and biochemical indices of patients grouped by Exercise and Diet 
Adherence Scale scores. A: Alanine aminotransferase; B: Total cholesterol; C: Abdominal circumference; D: Biceps circumference; E: Controlled attenuation 
parameter; F: Liver stiffness measurement. ALT: Alanine aminotransferase; TBIL: Total bilirubin; GLU: Glucose; TC: Total cholesterol; CAP: Controlled attenuation 
parameter; LSM: Liver stiffness measurement.

tective drugs when necessary. Patients with EDAS scores < 97 have poor adherence and should receive early adminis-
tration of anti-inflammatory agents and psychotherapy (Figure 6).

To the best of our knowledge, this is the first study to use a questionnaire to assess adherence with lifestyle inter-
ventions in patients with NAFLD and it has been verified to show the generalizability of its results. This study also had 
several limitations. First, the follow-up duration was relatively short. NAFLD is a chronic, long-term disease, and short-
term evaluations may not fully reveal the actual effects of lifestyle interventions in these patients. Second, a self-report 
questionnaire about lifestyle changes and patient behavior is likely to be affected by recall, measurement bias and 
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Figure 6 Associations of Exercise and Diet Adherence Scale scores with adherence with lifestyle interventions and associated clinical 
guidelines. EDAS: Exercise and Diet Adherence Scale.

emotions. Patients may tend to provide answers that meet social expectations, leading to an overly idealized description 
rather than a reflection of the actual situation. Additionally, these participants go to the hospital for treatment more 
regularly than the general population of patients with NAFLD, suggesting they may be more strongly interested in being 
treated intention, which may have introduced sampling errors. This was a single center study, suggesting the possibility 
of selection bias. Prospective, multicenter studies should be conducted with a longer follow-up large sample size, 
including verification by physical examination and more stringent sampling methods to ensure the representativeness of 
samples, and improve the external validity of the study. In addition, prospective studies are needed to assess the corre-
lation between EDAS scores and outcome events, such as liver cirrhosis and liver cancer.

CONCLUSION
Lifestyle intervention adherence scale developed in this study for patients with NAFLD was effective in determining the 
adherence of these patients with exercise and diet. This scale, which was relatively comprehensive in content, underwent 
appropriate verification in an independent patient cohort. The EDAS scale can be used as a tool to measure adherence 
with lifestyle interventions in patients with NAFLD and guide clinical interventions.

ARTICLE HIGHLIGHTS
Research background
Non-alcoholic fatty liver disease (NAFLD) is a progressive disease that can lead to complications such as liver fibrosis, 
cirrhosis, hepatocellular carcinoma, cardiovascular diseases, and metabolic disorders such as type 2 diabetes. However, to 
date, no medications have been approved for treating NAFLD, and lifestyle modifications remain the cornerstone of 
treatment.

Research motivation
Changing an unhealthy lifestyle can be useful for alleviating hepatic steatosis in patients with NAFLD. However, not 
everyone is able or willing to adhere to the dietary and exercise guidelines. The variety of exercise and dietary controls 
makes it challenging to quantify and evaluate patient’s adherence.

Research objectives
To evaluate adherence effectively and swiftly with the recommendations for lifestyle changes in patients with NAFLD, 
implementing various intervention strategies based on adherence levels to prevent disease progression is crucial.

Research methods
First, we identified factors affecting exercise and dietary adherence in patients with NAFLD. The Delphi method was 
used to analyze and modify the Exercise and Diet Adherence Scale (EDAS). After a preliminary small-scale survey and 
further adjustments, the EDAS was established. Enrolled patients with NAFLD followed exercise and diet interventions, 
filled the EDAS at the beginning, and were followed up for 6 months. Finally, we evaluated and validated the reliability 
of the EDAS.

Research results
The EDAS demonstrated good item discrimination; internal consistency reliability; test-retest reliability; and content, 
construct, and criterion validity. It can reliably measure the adherence of patients with NAFLD to exercise and dietary 
interventions.

Research conclusions
The EDAS has been established to assess the adherence of patients objectively, directly, and rapidly with NAFLD to 
changing unhealthy lifestyles. This reliable tool supports early intervention in NAFLD, aims to prevent disease 
progression, and reduces the healthcare burden.
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Research perspectives
EDAS plays an important clinical role in the assessment, treatment, and management of NAFLD. However, its 
widespread application requires multicenter prospective studies. Additionally, the participants in this study did not 
undergo a liver biopsy. Thus, future research should explore the impact of EDAS on liver pathology.
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