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Background: The importance of primary care physicians (PCPs) in managing metabolic dysfunction-associated steatotic liver disease (MASLD) has increased. This study aimed to assess the effectiveness of an online educational program on MASLD among physicians.

Methods: In total, 869 physicians (72 physicians at referral centers and 797 PCPs) participated in this study. They completed an initial survey regarding their clinical practices for patients with MASLD, followed by a second online survey 8 weeks after receiving a series of seven weekly sets of educational materials on MASLD.

Results: In the baseline survey, most PCPs did not routinely evaluate the stage of hepatic fibrosis in MASLD; they typically initiated assessments based on elevated liver enzyme levels. Only a limited number of PCPs used vibration-controlled transient elastography. The main hurdles in managing MASLD were “the absence of a fee for patient education” for PCPs and “short consultation time” for referral-center physicians. In the follow-up survey, the percentage of liver fibrosis assessments using noninvasive tests increased from 7.0 to 11.2%. Additionally, evaluations for cardiovascular disease increased from 3.9 to 8.2%, and the risk of ischemic stroke increased from 13.7 to 16.9%. The percentage of immediate referrals of patients to specialists after an MASLD diagnosis decreased from 15.4 to 12.3%.

Conclusion: The discrepancies in management strategies and viewpoints regarding MASLD between PCPs and referral-center physicians can hinder efforts to mitigate the disease burden. Increasing awareness among PCPs regarding MASLD through a 7-week education program led to a reduction in unnecessary referral rates and an increase in cardiovascular evaluations.
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1 Introduction

Metabolic dysfunction-associated steatotic liver disease (MASLD) is an important non-communicable disease. MASLD is the most common chronic liver disease worldwide, with an estimated prevalence of 32% (1, 2). In addition, between 1999 and 2022, the age-adjusted mortality rate related to MASLD increased significantly, exhibiting an average annual percentage change of 10.0%. This rate rose from 0.2 to 1.7 per 100,000 persons (3). In the United States, two major causes of death in patients with MASLD are liver-related complications and cardiovascular disease (CVD), accounting for 45.83 and 10.33% of all-cause mortality, respectively (4). The financial burden of MASLD is also on the rise, with its economic toll in the US reaching a significant $103 billion, emphasizing its growing economic impact (5). It is imperative for physicians to conduct medical evaluations to assess liver fibrosis and CVD risk in patients with MASLD and to actively engage in providing concrete education and interventions for more intensive management of MASLD, particularly for those identified as high risk (6).

The introduction of the new concept of MASLD allows for more intuitive communication between patients and primary care physicians (PCPs) regarding the cause of the disease and future treatment directions (7). Specifically, MASLD emphasizes metabolic disorders as the etiology of the disease, conveying a direct message to PCPs and patients that effective treatment requires the management of metabolic parameters. However, limited research has explored whether the MASLD concept helps PCPs reduce unnecessary referral rates and comprehensively manage patients’ care. A survey of 479 physicians revealed that only 31% recognized MASLD as clinically significant, and only 33% referred suspected cases to gastroenterologists, especially general practitioners (8). Additionally, 83% acknowledged the need for more education on MASLD. Another global survey of 488 physicians showed that 64% underestimated MASLD prevalence, 65% reported using evidence-based guidelines, and 72% faced challenges in providing lifestyle advice (9). Similarly, in a study of 250 primary practitioners, 83% understood the importance of managing MASLD, but only 46% screened patients with obesity and diabetes mellitus (DM) (10). This evidence suggests that the medical recommendations provided to patients with MASLD are often inaccurate, potentially contributing to an increased disease burden. Recently, a continuing medical education program on MASLD for 28 European primary clinical practitioners revealed significant changes in clinical practices related to MASLD/metabolic dysfunction-associated steatohepatitis (MASH) (11). However, the limited scope of this study makes it challenging to generalize the results. Large-scale interventional data have not yet been compiled on how raising awareness among PCPs regarding MAFLD impacts their practice behaviors related to this disease.

However, data regarding the obstacles faced by PCPs in the treatment of patients with MASLD and the application status of screening tests for with MASLD at high risk are lacking. Furthermore, there is a scarcity of evidence regarding the increasing awareness of MASLD among PCPs, which can lead to a reduction in unnecessary referrals.

To address these gaps, this study aimed to provide comprehensive educational materials on MASLD to a large number of PCPs and assess any resulting changes in their clinical practices.


2 Methods


2.1 Study design

This was a prospective longitudinal study. All participants provided informed consent. This study was approved by the Institutional Review Board (IRB) of Hanyang University Hospital (IRB number: 2022-08-01-49). All methods were performed in accordance with the relevant regulations and guidelines. This study was designed to send seven weekly sets of online educational materials regarding MASLD to physicians and then conduct online surveys to assess the changes that occurred in their clinical practice before and after reviewing these materials.


2.2 Recruiting and initial survey

This study was conducted using a medical portal website for medical doctors. Doctors who voluntarily accessed the medical portal were asked to participate in the survey and education program. The initial and follow-up surveys were administered online. Figure 1 presents a flowchart of the study. The eligible participants were medical doctors registered on a website exclusively for physicians.1 We included 1,000 physicians who responded to the initial survey, which was conducted between October 18, 2022, and October 20, 2022. After excluding 131 respondents who refused to receive educational materials for MASLD, we analyzed a total of 869 participants who responded to the follow-up surveys conducted between December 16, 2022, and January 3, 2023. The standard error of both surveys was ±1.25%, with a 95% confidence interval. Participants were divided into PCPs (n = 797) and physicians at referral centers (n = 72).
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FIGURE 1
 Flowchart of the study population. MASLD, Metabolic dysfunction-associated steatotic liver disease.




2.3 Follow-up and education schedule

Educational materials were sent to the participants weekly between October 27, 2022, and December 8, 2022. They were distributed as image files via a prominent Korean social network service application (KakaoTalk) and tracked by the researchers to confirm participant engagement. Engagement was verified by monitoring whether the files that were sent were opened, providing an initial indication of the participants’ interaction with the educational content.


2.4 Contents of questionnaires

Referring to previous survey studies (10, 12), a research group consisting of four physicians (three hepatologists and one primary care physician) developed a 21-item baseline questionnaire and a 16-item follow-up questionnaire (Supplementary material 1) focusing on awareness, current management, barriers, and demand for MASLD. The initial version of the questionnaire was reviewed by seven physicians (four hepatologists, one cardiologist, one endocrinologist, and one neurologist). Cognitive interviews with 10 physicians were conducted to identify whether the respondents’ interpretations matched the intended meaning. This process was repeated three times before the final version of the questionnaire was completed. Content validity was measured by 12 experts, including medical doctors and methodologists, who did not participate in the questionnaire development. The content validity index for each item was rated above 0.80, and the overall content validity index was 0.86. The final version of the questionnaire was read and approved by all developers, and English translation was completed by two native English speakers who were excluded from the study.


2.5 Contents of educational materials

The MASLD educational program, comprising seven distinct modules, was methodically disseminated online weekly from the first to seventh week (Supplementary material 2). The modules encompassed the following: (1) an overview of the disease course of MASLD and identification of high-risk groups for screening; (2) methods for assessing liver fibrosis and guidelines for hepatologist referrals; (3) information on the increased risk of CVD in patients with MASLD compared to the general population; (4) the heightened risk of liver cirrhosis and hepatocellular carcinoma in patients with MASLD; (5) weight loss strategies specifically designed for patients with MASLD; (6) dietary recommendations tailored for individuals with MASLD; and (7) exercise regimens suitable for patients with MASLD. Each module was carefully designed to deliver comprehensive and relevant information to the participants.


2.6 Statistical analysis

Data representation includes the mean ± standard deviation for continuous variables and the number (percentage, %) for categorical variables. For pre- and post-comparisons in the study group, categorical variables were analyzed using the McNemar test, while continuous variables were evaluated using the paired t-test or repeated-measures ANOVA. All statistical analyses were conducted using the R software (version 4.2.1; R Foundation for Statistical Computing, Vienna, Austria). P significance was set at p < 0.05.



3 Results


3.1 Baseline characteristics of the study population

Table 1 presents the baseline characteristics of the study population. The mean age was 41.3 ± 8.0 years. The proportion of men was 68.9%. More than half (57.2%) of the respondents lived in metropolitan areas. Over 80% of the respondents were employed by physicians. The most frequent workplace was private clinics (44.6%), followed by hospitals (30.1%), teaching hospitals (13.9%), and others (11.3%).


TABLE 1 Baseline characteristics of the study population.
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3.2 Current management status of MASLD among physicians at referral centers compared to PCPs

Table 2 outlines the current management of MASLD by comparing specialists at referral centers and PCPs. Physicians at referral centers more frequently assessed the degree of hepatic fibrosis among patients with obesity (54.2 vs. 39.9%, p = 0.026) or dyslipidemia (43.1 vs. 29.1%, p = 0.020) compared to PCPs. Only 32.6% of the patients with DM and 9.2% of the patients with CVD were evaluated for hepatic fibrosis by PCPs. A similar situation was observed in referral centers, where specialists performed hepatic fibrosis evaluations in only 37.5% of patients with DM and 11.1% of patients with CVD. Figure 2 shows the frequency of utilizing the type of test to follow up on patients with MASLD. Only 6.9% of physicians at referral centers and PCPs used noninvasive tests, such as the Fibrosis-4 Index or the nonalcoholic fatty liver disease fibrosis score (NFS), to evaluate hepatic fibrosis, with no significant difference observed between the two groups. A significant difference was observed in the frequency of liver function tests [aspartate aminotransferase (AST) and alanine aminotransferase (ALT)] and vibration-controlled transient elastography (VCTE) use between PCPs and physicians at referral centers. PCPs used liver function tests as follow-up tests more frequently than physicians at referral centers (82.4 vs. 72.2%, p < 0.05). However, the use of VCTE as a follow-up test was lower among PCPs than among physicians at referral centers (16.3 vs. 38.9%, p < 0.001).


TABLE 2 Initial survey: current management of MASLD among PCPs compared to physicians at referral centers.
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FIGURE 2
 Comparison of follow-up methods for patients with MASLD by PCPs and physicians at referral centers. MASLD, Metabolic dysfunction-associated steatotic liver disease; PCP, Primary care physician; AST, Aspartate aminotransferase; ALT, Alanine aminotransferase; US, Ultrasonography; VCTE, Vibration-controlled transient elastography; FIB-4, Fibrosis-4; NFS, Nonalcoholic fatty liver disease fibrosis score. *p < 0.05; **p < 0.001.




3.3 Clinical barriers in MASLD patient management

Responses to the barriers to managing patients with MASLD are shown in Table 3. A total of 76.4% of physicians at referral centers considered the “short consultation time” a primary challenge, followed by “patients’ low compliance” (76.4%), “lack of appropriate medication” (72.3%), “lack of adequate educational materials” (70.8%), “the absence of a fee for this service” (68.0%), and “not my primary area of practice” (38.9%). In contrast, 72.3% of PCPs cited the “the absence of a fee for this service” as a major barrier, followed by “short consultation time” (67.2%), “patients’ low compliance” (67.1%), “lack of adequate educational materials” (65.1%), “lack of appropriate medication” (61.7%), and “not my primary area of practice” (38.9%).


TABLE 3 Initial survey: barriers to the management of MASLD among specialists at referral centers compared to PCPs.
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3.4 Changes in clinical practice patterns among PCPs after education

Table 4 shows the changes in the management of patients incidentally identified as having MASLD among PCPs before and after the physicians received educational materials related to MASLD. In cases in which PCPs incidentally discovered MASLD in patients, the educational program led to an increase in the percentage of PCPs ordering additional tests to assess hepatic fibrosis from 7.0 to 11.2% (p < 0.001). Similarly, the percentage of PCPs performing additional tests to determine the presence of concurrent CVD increased from 3.9 to 8.2% (p < 0.001). Figure 3 shows the changes in the percentage of PCPs based on hepatic fibrosis evaluation in patients with MASLD and comorbidities. There has been an increase in the percentage of PCPs who consider evaluating hepatic fibrosis when patients with MASLD also present conditions of DM (from 32.6 to 38.5%), CVD (from 9.2 to 16.1%), or ischemic stroke (from 8.4 to 11.5%).


TABLE 4 Changes in the management of incidentally diagnosed patients with MASLD among PCPs before and after receiving educational materials on MASLD.
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FIGURE 3
 Changes in the percentage of PCPs considering hepatic fibrosis evaluation in patients with MASLD who have comorbidities. PCP, Primary care physician; MASLD, Metabolic dysfunction-associated steatotic liver disease; AST, Aspartate aminotransferase; ALT, Alanine aminotransferase; CVD, Cardiovascular disease. *p < 0.05; **p < 0.001.




3.5 Changing of awareness and referral rate among PCPs after education

The percentage of PCPs providing education to patients with MASLD regarding the increased risk of disease progression to cirrhosis or liver cancer increased from 63.6% before education to 69.4% after education (p = 0.005). Moreover, the proportion of PCPs educating patients regarding the elevated risk of ischemic stroke increased from 13.7 to 16.9% (p = 0.039; Table 5). After education, the percentage of PCPs who immediately referred patients to a specialist after an MASLD diagnosis decreased from 15.4 to 12.3% (p = 0.042). In contrast, the proportion of patients with MASLD who were referred for suspected advanced hepatic fibrosis (54.7 vs. 60.1%, p = 0.018) and of patients at a high risk of CVD or ischemic stroke (12.4 vs. 16.8%, p < 0.001) significantly increased (Table 6).


TABLE 5 Changes in the education of patients with MASLD among PCPs before and after receiving educational materials on MASLD.
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TABLE 6 Changes in immediate referral cases of patients with MASLD among PCPs before and after receiving educational materials for MASLD.
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4 Discussion

Despite technological advancements, the importance of direct face-to-face interactions between physicians and patients in providing education and medical services remains paramount. This study, which involved a large cohort of 869 physicians, provided educational materials over approximately 2 months and showed positive changes in the management of MASLD. Several important features regarding the impact of educational materials on PCPs’ management patterns in relation to MASLD should be highlighted. There was an increase in the frequency of fibrosis tests among PCPs in patients with MASLD and a decrease in the rate of immediate referrals to specialists. Additionally, the proportion of physicians educating patients regarding the risks of CVD and ischemic stroke increased, which can be considered a significant motivator for patients to understand the necessity of weight reduction in managing MASLD. Moreover, the rate at which PCPs assessed hepatic fibrosis in patients with DM, CVD, or ischemic stroke significantly increased. These findings highlight the importance of identifying and managing high-risk patients more effectively. These trends demonstrate the potential of online educational programs to change medical practices in a cost-effective manner, ultimately reducing long-term medical expenses.

In primary care, it is essential to identify patients with MASLD and understand the indications for referral to a hepatologist (10). In patients with MASLD, 52% exhibit MASH, and 15% have significant intrahepatic fibrosis (13). Additionally, the risk of developing liver cancer increases with the stage of hepatic fibrosis; individuals with stage 3 fibrosis have a liver cancer incidence rate of 340 per 100,000, which is 8.5 times higher than the rate of 40 per 100,000 observed in individuals with stages 0–2 (14). Therefore, the presence of advanced hepatic fibrosis is an important criterion for referral. In the initial survey, 82.4% of PCPs reported using AST and ALT levels for patient monitoring. However, using only serum AST, ALT, or the AST/ALT ratio as markers for severe MASLD demonstrates low sensitivity for hepatic fibrosis, potentially leading to the misclassification of high-risk patients as mild cases (15, 16). Additionally, a previous study involving 145 patients with diabetes found evidence of liver cirrhosis in 6.0% of patients using magnetic resonance imaging, and 12.8% were identified as having advanced hepatic fibrosis when evaluated using NFS (17). This suggests that the prevalence of undiagnosed liver cirrhosis could be high even in the primary care field, underscoring the necessity of assessing hepatic fibrosis in patients with MASLD. Given the challenges associated with using equipment such as VCTE in primary care clinics, assessment of hepatic fibrosis and its severity via noninvasive tests may be necessary. However, simply providing educational materials was insufficient to encourage physicians who were previously unfamiliar with this information to actively implement serological testing. Nevertheless, for physicians who were already informed regarding these tests, receiving reminders resulted in a 7.4% increase in actual utilization (data not shown). This suggests that continuous and repeated exposure to knowledge is important for eliciting behavioral changes in actual medical practice. However, from the perspective of the various barriers to MASLD management, education alone may not sufficiently address the unmet needs in different specialties and hospital settings.

We performed a sensitivity analysis to assess the pre- and post-education effects on participants who agreed with each barrier item; participants were divided into PCPs and physicians at referral centers (Supplementary Tables 1–6). Overall, education significantly increased the assessment of liver fibrosis and CVD risk among PCPs. Physicians at referral centers also showed a trend toward increased liver fibrosis test assessment. Surprisingly, among PCPs who identified “lack of adequate education materials” as a barrier, the rate of omitting additional explanations for MASLD patients increased from 5.8 to 9.2% post-education. Conversely, the proportion of physicians at referral centers who did not take additional measures for MASLD patients decreased from 23.5 to 7.8% (Supplementary Table 2). Additionally, PCPs who agreed with “not my primary area of practice” as a barrier showed better educational outcomes in management and education practice areas (Supplementary Table 3). Although the sample size for physicians at referral centers was small, making drawing definitive conclusions challenging, those who identified “short consultation time,” “lack of adequate educational materials,” and “patients’ low compliance” as barriers tended to show positive educational effects (Supplementary Tables 1, 2, 4). This suggests that different types of barriers require tailored approaches. However, the significant gap between clinical guidelines and actual clinical practice is of considerable concern.

Although healthcare providers concur with the need for a joint approach to working across disciplines to achieve long-term effective MASLD management (18), the quietly different unmet needs for the management of patients with MASLD between specialists in referral centers and PCPs are should be discussed. Specialists in referral centers face high clinical workloads and treat a large number of patients, making it difficult for them to allocate time for patient education. In particular, managing multifactorial risk factors in referral centers necessitates a multidisciplinary system that includes not only medical education but also paramedical advice such as weight loss, diet control, and exercise regulation, utilizing experts from multiple domains, such as nutritionists and physical therapists.

Regarding PCPs, there is lack of motivation to educate patients with MASLD in primary clinics due to Korea’s specific health insurance system. South Korea operates a national mandatory health insurance system in which healthcare providers submit claims to government agencies based on the medical services provided to patients. However, there are significant limitations on the financial reimbursement that physicians can claim for patient education. Increasing reimbursement support for medical education as well as for the management of liver fibrosis and MASLD could help reduce the barriers that specialists and PCPs face in managing MASLD.

In Asian primary care clinics, using the Fibrosis-4 Index for advanced hepatic fibrosis demonstrated a commendable diagnostic performance with an area under the receiver operating characteristic curve of 0.818, showcasing its utility in primary practice (19). Additionally, the cost-effectiveness analysis indicated that screening the at-risk population led to an incremental cost of $298 and an increase of 0.0199 quality-adjusted life-years (QALY) per patient compared to not screening [incremental cost-effectiveness ratio (ICER) $14,949/QALY] (20). This screening approach was deemed cost effective according to Korea’s implicit ICER threshold of $25,000/QALY. When the impact of intensive lifestyle intervention on CVD and extrahepatic malignancies were factored in, the ICER dropped to $12,749/QALY. On the other hand, when the model focused solely on liver disease effects, the ICER rose to $16,305. Despite these variations, the screening strategy remained cost-effective when assessed against the ICER thresholds of Japan and the United States.

Based on this evidence, if reimbursement for performing noninvasive tests for liver fibrosis management, at a minimum, is introduced in primary care clinics, it could be more cost effective compared to the economic burden of managing liver fibrosis complications. To date, there has been no evaluation of the cost effectiveness of education for MASLD management, and the effect size is crucial. The current study’s results indicate that the standalone effect of merely distributing educational materials was relatively modest across all groups. Future research should explore the effects of various educational methods on linkage to care rates. These findings can serve as a basis for future economic evaluations of educational interventions. Conducting a cost-effectiveness analysis requires confirming the effects of education across different groups, which we propose pursuing in subsequent research.

Individuals who have MASLD have a 66% higher risk of CVD and a 41% higher risk of ischemic stroke than those who do not have MASLD (21). As the severity of MASLD escalates, these risks further intensify; severe fatty liver disease is associated with a 2.6-fold increase in the risk of developing CVD and a 3.3-fold increase in the risk of fatal CVD (22). Although assessing CVD risk in patients with MASLD is critical, the initial survey revealed that only 3.9% of PCPs prescribed additional tests to determine whether their patients had concurrent CVD, which is a strikingly low percentage. After receiving educational materials, this rate increased dramatically to 8.2%, and the proportion of physicians educating patients about the risk of MASLD leading to ischemic stroke increased from 13.7 to 16.9%. However, the survey did not inquire about the specific methods used by physicians to assess and educate patients on CVD, suggesting that actual practice might display a mosaic pattern.

In a survey of 629 American physicians, there were variations in the evaluation and management of patients with MASLD or MASH depending on the subspecialty, and there were major differences in MASLD knowledge and management between PCPs and other subspecialists, including hepatologists, gastroenterologists, and endocrinologists (23). In this study, there was no significant change in the specialists’ MASLD knowledge before and after receiving educational materials. As the educational materials used in this study were developed with a focus on essential knowledge regarding MASLD, they were not sufficient to change the management patterns of the specialists.

Our results can potentially be applied to digital therapeutics. There is also a high demand for ongoing MASLD management among patients. The use of digital therapeutics could be a solution for efficient utilization of physicians’ consultation time as well as to enhance their motivation. In a web-based intervention study involving patients with MASLD, the most frequently accessed modules were “Welcome to the Program,” “Understanding MASLD,” and “Food and MASLD,” with 37% of the patients requesting access to a lifestyle coach (24). Few studies have verified the effectiveness of MASLD educational training programs for PCPs (11, 25). In 2021, a team of European collaborators developed a continuing medical education program on MASLD/MASH tailored to primary care settings in Europe2 (11). This online training program, conducted for 28 Greek doctors over a period of 1 month, achieved high satisfaction among 96% of the PCPs, with 62% reporting a significant positive change in clinical practice. The participating doctors expressed strong interest in educational materials that are accessible via mobile applications. However, because most participants in this study were approximately 40 years old and adept at using smartphones, it is challenging to assert that these results represent the needs of all doctors. A previous study showed a generally high demand for a mobile application for MASLD management, particularly among the elderly aged 60 and above (6). Therefore, it is plausible that older doctors are keen to engage in educational programs accessible through mobile applications as well. Furthermore, as digital therapeutics evolve, there has been a gradual increase in the clinical application of patient-targeted therapeutics across various medical fields (26–28). Thus, the development of digital therapeutics for MASLD management is essential, and further research is required for its effective clinical implementation. In Korea, the Korean Association for the Study of the Liver (KASL) provides continuous medical education on their website.3 The online education programs include “Case Studies,” “Guidelines,” “Factsheet,” and “Liver Disease White Paper” for healthcare providers as well as “Common Knowledge” and “Liver White Paper” for the general public, with information being regularly updated. Based on the findings of this study, leveraging social network services or smartphone applications to disseminate the high-quality materials provided by KASL to PCPs and specialists could significantly enhance the management of patients with MASLD.

This study has several limitations. First, because the physicians completed the surveys themselves, there may have been discrepancies between their responses and actual clinical practice. Second, although we were able to confirm whether doctors received educational materials, we could not assess the extent to which they utilized these resources. Third, we were unable to verify whether changes in the physicians’ knowledge and clinical practice translated into improved disease progression in patients with MASLD. Finally, we cannot guarantee whether the changes in PCPs’ practices observed in this study will be sustained over the long term.

In conclusion, providing appropriate education on MASLD for PCPs could contribute to a reduction in unnecessary referral rates and increase awareness of cardiovascular evaluation. There is a need to develop more comprehensive educational materials on MASLD, and subsequent research should focus on serially monitoring the management patterns of PCPs. Further studies should be conducted to determine whether actual changes have occurred in clinical practice.
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