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Introduction: Internet hospitals have emerged as a vital approach for patients seeking treatment for hypertension, with a significant increase in antihypertensive medication prescriptions through these innovative models. However, prescribing characteristics and guideline concordance of these prescriptions remain unclear. This study aim to analyze the prescribing characteristics of Western medicine (WM) and Chinese patent medicine (CPM) for hypertension and assess their concordance with hypertension guidelines in Internet hospitals in China, providing insights for optimizing antihypertensive CPM management.Methods: A cross-sectional analysis was conducted using data from the Yinchuan Internet Medical Regulatory Platform (YIMRP) covering 87 enterprise-led Internet hospitals in China from 1 January 2018, to 31 March 2021. Visits diagnosed with hypertension and prescribed at least one oral antihypertensive medication (either WM or CPM) were included. Guideline concordance was evaluated by comparing prescribed individual antihypertensive WM and CPM in Internet hospitals with international and Chinese hypertension guidelines recommendations. Statistical analyses included descriptive statistics, association rule analysis, and guideline concordance assessment.Results: Among the 787,209 visits, 93.75% were prescribed WM alone, 4.72% CPM alone, and 1.52% a combination of CPM and WM. Calcium channel blockers (CCBs) (38.50%) was the most prescribed WM class, with nifedipine (19.67%) being the most common individual medication. Most prescriptions of antihypertensive WM were guideline-concordant. Among CPM prescriptions, only 181 (0.37%) included traditional Chinese medicine (TCM) syndrome diagnoses. Of the 38 prescribed antihypertensive CPM, only 7 were guideline-recommended. The most frequently prescribed CPM were Jiuqiang Naoliqing (17.67%), and Zhenju Jiangya tablet (14.74%), neither of which was recommended by the guidelines. The combinations of two CPM were frequently prescribed, but none of these combinations were recommended by guidelines. The most common dual CPM combination was Jiuqiang Naoliqing + Qiangli Dingxuan tablet/capsule (support 8.65%, confidence 0.44%).Conclusion: The prescribing characteristics of antihypertensive WM in Internet hospitals closely align with those in offline hospitals with relatively satisfactory guideline concordance. However, some issues persist in antihypertensive CPM prescriptions, including the lack of TCM syndrome differentiation, frequent prescription of non-recommended CPM, and duplicate therapies. Strengthening CPM management in Internet hospitals is essential for optimizing hypertension care.Keywords: hypertension, Internet hospitals, Chinese patent medicine, Western medicine, prescribing characteristics, guidelines concordance
1 INTRODUCTION
Hypertension, is a leading cause of cardiovascular disease (CVD) and premature death, contributing to 226 million disability-adjusted life years (DALYs) and 10.9 million deaths worldwide in 2021 (Zhang H. et al., 2024a). In China, the prevalence of hypertension has increased from 27.5% in 2018 to 31.6% in 2022 (National Center for Cardiovascular Diseases, 2024). To alleviate the burden of hypertension, the Chinese government has implemented comprehensive intervention strategies, including the Healthy China Action Plan (2019–2030), with the aim of ensuring that at least 70% of hypertensive patients receive standardized management by 2025 (General Office of the State Council of China, 2017; National Health Commission, 2019).
Numerous guidelines for the management of hypertension have been developed globally and are widely adopted by clinicians as essential reference standards to optimize patient care (Whelton et al., 2018; McEvoy et al., 2024; Zhu et al., 2024). In China, the government has issued a series of policy documents and guidelines on hypertension management such as Chinese Guideline for the Prevention and Treatment of Hypertension, Guideline on the Clinical Application of Chinese Patent Medicine in the Treatment of Hypertension, and Expert Consensus on Chinese Medicine Diagnosis and Treatment of Hypertension, which recommended both Western medicine (WM) and Chinese patent medicine (CPM) for hypertension treatment (Society of Cardiovascular Diseases, 2019; Xu, 2022; Wang, 2024). For antihypertensive WM, angiotensin-converting enzyme inhibitors (ACEIs), angiotensin receptor blockers (ARBs), calcium channel blockers (CCBs), and diuretics are recommended as the initial treatment options for hypertension in international and Chinese guidelines (Whelton et al., 2018; Writing Group of Chinese Guidelines for the Management of Hypertension et al., 2019; McEvoy et al., 2024). Additionally, Chinese guidelines emphasize the use of syndrome-specific CPM, such as Songling Xuemaikang capsule, Tianma Gouteng granule, and Qinggan Jiangya capsule, for tailored hypertension management (Xu, 2022; Wang, 2024).
Adherence to guideline recommendations has been demonstrated to enhance blood pressure control and reduce cardiovascular risks (Paturle et al., 2023; Hias et al., 2024). However, international guideline concordance remains suboptimal in clinical practice, preventing many patients from obtaining the full therapeutic benefit of evidence-based interventions (Vatani Nezafat et al., 2020; Harrison et al., 2023). Patients with poor blood pressure control due to guideline non-adherence have significantly increased risks of stroke and myocardial infarction (Colantonio et al., 2018). Furthermore, persistent blood pressure variability accelerates the progression of atherosclerosis and increases susceptibility to target organ damage, particularly renal failure and retinopathy (Saputra et al., 2024; Buffolo et al., 2021). These clinical consequences of guideline discordance ultimately lead to suboptimal hypertension management outcomes and impose increased economic burdens on healthcare systems (Alyabsi et al., 2020). This highlights the importance of adhering to guidelines to assist physicians in delivering evidence-based and appropriate treatments for hypertensive patients (Weber et al., 2014; Langford et al., 2020).
Internet hospitals, an emerging healthcare delivery model, provide a comprehensive range of online medical services, including appointment scheduling, online consultations, electronic prescribing, medication delivery, health education, and follow-up care for chronic disease (Xu et al., 2021b; Chen et al., 2023). The first Internet hospital base in China was established on 19 March 2017, in Yinchuan city (Xie et al., 2017). Since then, Internet hospitals have rapidly expanded nationwide, significantly improving healthcare access for both patients and providers (Han et al., 2020). One of the most notable advantages of this model is its ability to reduce time and cost for patients, making it particularly beneficial for individuals with hypertension who require long-term medication management. Internet hospitals facilitate prescription renewals and ensure timely access to medications, addressing critical needs for these patients (Zhang et al., 2020; Zhang, 2022). With the continued development of Internet hospitals, an increasing number of patients are seeking hypertension treatment online, resulting in a growing trend of antihypertensive medication prescriptions through these platforms (Gao et al., 2024). In contrast to traditional offline hospitals, Internet hospitals are primarily reliant on patient-reported data (e.g., self-measured blood pressure), subjective symptom descriptions, and retrospective medical records, with additional constraints including the unavailability of physical examinations and limited capacity for Traditional Chinese Medicine (TCM) syndrome differentiation. These challenges are further exacerbated by heterogeneous clinical training and institutional backgrounds among physicians on enterprise-led platforms, ultimately resulting in disparities in prescribing behaviors and guideline adherence between Internet-based and traditional offline healthcare systems (Tang et al., 2024).
Previous studies have extensively investigated the prescription patterns of antihypertensive medications and their adherence to clinical guidelines in offline hospitals and primary healthcare settings in China (Su et al., 2017; Yang et al., 2023; Lu et al., 2024). However, data on these practices in Internet hospitals remain scarce. Therefore, this study aims to analyze the prescribing characteristics of antihypertensive medications in Internet hospitals, encompassing both WM and CPM, and evaluate their concordance with hypertension guidelines. The findings will provide valuable insights to optimize antihypertensive medication management in this emerging healthcare model in China.
2 MATERIALS AND METHODS
2.1 Data source and study subjects
Data were extracted from the Yinchuan Internet Medical Regulatory Platform (YIMRP), established in 2017 by the Yinchuan Municipal Government. This platform integrates all enterprise-led Internet hospitals in Yinchuan and covers approximately 80% of such hospitals nationwide (Wang, 2022). Patients utilizing these Internet hospitals are distributed across China, representing a broad and diverse population base (People’s Government of Yinchuan City, 2018). The Internet hospital code, patient’s ID, patient age and gender, visiting departments, disease diagnosis, prescription date, name and cost of prescription medication, and TCM syndrome are stored in this platform. Data extraction and analysis in this platform are conducted routinely every 3–4 years.
This study conducted a cross-sectional analysis using data from YIMRP, which recorded a total of 8,754,460 visits across 87 Internet hospitals between 1 January 2018 and 31 March 2021. The study included all patients diagnosed with hypertension during this period. Exclusion criteria included: 1) patients who were not prescribed any oral antihypertensive medication (including neither WM nor CPM). 2) patients aged under 18 years, and 3) patients with missing age or gender data. After applying these exclusion criteria, the final analytical sample consisted of 787,209 visits. A flowchart detailing the screening process for eligible visits is presented in Figure 1. This study followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline (von Elm et al., 2008).
[image: Figure 1]FIGURE 1 | Flow chart of screening eligible visits.
2.2 Data management
Disease diagnoses were coded according to the International Classification of Diseases, version 10 (ICD-10). Comorbidities among hypertensive patients were identified based on diagnostic information associated with their prescriptions. WM recorded by brand names in the database were initially converted to their generic names. Subsequently, each antihypertensive WM was classified as ACEIs, ARBs, CCBs, diuretics, and other classes based on the Anatomical Therapeutic Chemical (ATC) fifth classification system (World Health Organization, 2022). CPM were standardized according to the Chinese pharmacopoeia (2020 edition) (Chinese Pharmacopoeia Commission, 2020) and unified under their official names. Since CPM were not included in ATC classification system, formulations with identical active ingredients but different dosage forms were consolidated into single categories. These categories were further grouped by their TCM efficacy according to China’s National Reimbursement Drug List (National Health Commission, 2023). Each category was mutually exclusive, ensuring that no CPM could be classified into more than one group.
2.3 Guideline concordance
Given that the study data spanned from 2018 to 2021, we reviewed contemporaneous international and Chinese hypertension guidelines. The influential 2017 American College of Cardiology and the American Heart Association (ACC/AHA) hypertension guideline (Whelton et al., 2018) and the 2018 European Society of Cardiology and European Society of hypertension (ESC/ESH) Guideline (Williams et al., 2018) served as primary reference standards for WM evaluation (Kow et al., 2021). As our data came from Chinese Internet hospitals, we also referenced the 2018 Chinese Guideline for the Prevention and Treatment of Hypertension (Writing Group of Chinese Guidelines for the Management of Hypertension et al., 2019), which incorporated evidence from Chinese population studies.
Since these guidelines lacked CPM recommendations, we further referenced two authoritative Chinese hypertension guidelines to evaluate the guideline concordance of CPM: 2021 Guideline on the Clinical Application of Chinese Patent Medicine in the Treatment of Hypertension (Xu, 2022), and the 2019 Expert Consensus on Chinese Medicine Diagnosis and Treatment of Hypertension (Society of Cardiovascular Diseases, 2019).
Medications prescribed in Internet hospitals demonstrate guideline concordance if they are recommended by any of the aforementioned guidelines. Conversely, they are considered guideline-discordant if they are either explicitly not recommended or not mentioned in these guidelines. The guideline-recommended medications are detailed in Supplementary Tables S1, S2.
2.4 Statistical analysis
Continuous variables, such as age, were expressed as mean and standard deviation (SD), while categorical variables, including gender, age group, and comorbidities, were presented as frequencies and percentages. All visits were categorized into three groups: the CPM group, the WM group, and the CPM combined with WM group. Differences in continuous variables across the three groups were analyzed using Analysis of Variance (ANOVA), while differences in categorical variables were assessed using Pearson’s chi-square tests. Age was stratified into four categories: 18–44 years, 45–59 years, 60–74 years, and ≥75 years. All statistical tests were two-sided, with P-value <0.05 considered statistically significant. Data analyses were performed using SAS for Windows (version 9.4; Order Number: 9C1XJD). To evaluate medication combinations for hypertension, association rule analysis and network visualization were conducted using IBM SPSS Modeler software (version 18.0). The minimum support and confidence thresholds were set to 1, with weak links defined as ≤15 and strong links as ≥35 in the association rules diagram. Sunburst diagrams were performed using WPS Office 2024.
3 RESULTS
3.1 Characteristics of eligible visits
Among the 787,209 hypertension visits, 738,028 (93.75%) were prescribed WM alone, 37,189 (4.72%) prescribed CPM alone and 11,992 (1.52%) prescribed CPM combined with WM. Female patients were more likely to be prescribed antihypertensive CPM alone. Clinicians tended to prescribe CPM alone for patients aged <45 years, WM alone for those aged 45–59 years, and a combination of CPM and WM for patients aged ≥60 years. Regarding comorbidities, patients with diabetes or angina were more likely to be prescribed WM alone, whereas those with upper respiratory tract infection, migraine, gastrointestinal ulcer, or urinary tract infection were more likely to be prescribed CPM alone. Notably, patients with cardiovascular comorbidities, including coronary heart disease, hyperlipidemia, cerebral infarctions sequelae, and arrhythmia, were more frequently prescribed combinations of CPM and WM. The demographic characteristics of the eligible visits are presented in Table 1.
TABLE 1 | Demographic characteristics of eligible visits.
[image: Table 1]3.2 Prescribing characteristics and guideline concordance of antihypertensive WM
A total of 11 classes of antihypertensive WM were prescribed, encompassing 72 individual medications (Figure 2). The most frequently prescribed classes were CCBs (n = 345,733, 38.50%), beta-blockers (n = 171,174, 19.06%), ARBs (n = 164,460, 18.31%) and single-pill combinations (SPCs) (n = 89,282, 9.94%). The most commonly prescribed individual medications were nifedipine (n = 154,809, 19.67%), metoprolol tartrate (n = 101,689, 12.92%), and amlodipine besylate (n = 89,064, 11.31%). A total of 94.58% (n = 744,542) of WM prescriptions were concordant with guidelines. Table 2 summarizes the first-line classes of antihypertensive WM (ACEIs, ARBs, CCBs, and diuretics) and individual medications prescribed in Internet hospitals and their concordance with guidelines, all of these medications were guideline-recommended therapies for hypertension management. The guideline concordance of the remaining seven classes of antihypertensive WM is detailed in Supplementary Table S3. Among these, five classes were widely prescribed and recommended in the Chinese guideline, including SPCs, mineralocorticoid receptor antagonists (MRAs), alpha and beta-blockers, alpha-blockers, and beta-blockers.
[image: Figure 2]FIGURE 2 | Individual and classes of all antihypertensive WM. Note: ACEIs, angiotensin-converting enzyme inhibitors; ARNI, angiotensin receptor-neprilysin inhibitor; ARBs, angiotensin receptor blockers; CCBs, calcium channel blockers; SPCs, single-pill combinations; WM with a frequency less than 0.5% in a category are grouped as “other”.
TABLE 2 | Individual and classes of first-line antihypertensive WM in Internet hospitals and guideline concordance.
[image: Table 2]Among the antihypertensive WM combinations, dual therapy was the most common (Figure 3; Table 3). The most common combination was nifedipine + metoprolol tartrate (support 18.65%, confidence 8.43%), followed by nifedipine + candesartan cilexetil (support 18.65%, confidence 6.74%). Both combinations align with guideline recommendations, which endorse the use of a CCB in combination with either a beta-blocker or an ARB. In contrast, combinations involving two CCBs, such as nifedipine + amlodipine besylate (support 18.65%, confidence 5.87%), felodipine + nifedipine (support 6.02%, confidence 10.18%), and felodipine + amlodipine besylate (support 6.02%, confidence 5.92%), were not recommended in any of the guidelines.
[image: Figure 3]FIGURE 3 | Association rule diagram of antihypertensive WM combinations. Note: Weak links ≤15 and strong links ≥35. The stronger line showed more frequent co-prescribed between medicine.
TABLE 3 | Commonly prescribed antihypertensive WM combinations and guideline concordance.
[image: Table 3]In the analysis of triple therapy with WM, the combination of a CCB, beta-blocker, and ARB was the most frequently prescribed and was guideline-recommended. Among these combinations, the nifedipine + metoprolol tartrate + candesartan cilexetil (support 1.57%, confidence 5.13%) was the most commonly prescribed, candesartan cilexetil + amlodipine besylate + metoprolol tartrate (support 0.67%, confidence 5.65%) was the third most frequent combination. Notably, the guidelines did not recommend combinations involving dual CCBs with either a beta-blocker or an ARB, such as nifedipine + metoprolol tartrate + amlodipine besylate (support 0.82%, confidence 6.18%), and candesartan cilexetil + amlodipine besylate + nifedipine (support 0.67%, confidence 5.39%) (Table 3).
3.3 Prescribing characteristics and guideline concordance of antihypertensive CPM
A total of 38 antihypertensive CPM were prescribed (Supplementary Table S4), they were classified into 4 TCM categories based on their TCM efficacy (Figure 4; Table 4). Descriptions of the TCM categories are detailed in Supplementary Table S5. The most frequently category was treat wind formulas (n = 32,544, 88.51%). The components, TCM syndromes and efficacy of the top 10 prescribed antihypertensive CPM are detailed in Supplementary Table S6. It is worth noting that only 181 prescriptions (0.37%) included TCM syndrome diagnoses for CPM users, due to the limited availability of TCM syndrome data, we did not perform an analysis of TCM syndromes in this study.
[image: Figure 4]FIGURE 4 | Categories of antihypertensive CPM and the top 10 most common CPM. Note: JQNLQ, Jiuqiang Naoliqing; ZJJYT, Zhenju Jiangya tablet; QLDXT, Qiangli Dingxuan tablet/capsule; QNJYT, Qingnao Jiangya tablet; NHJYP, Niuhuang Jiangya tablet/pill; LBMJYT, Luobuma Jiangya tablet; ZNNC, Zhennaoning capsule/granule; DZPYT, Duzhong Pinya tablet; SJJYC, ShanJu Jiangya capsule; ESWWSHP, Ershiwuwei Shanhu pill.
TABLE 4 | Individual and categories of antihypertensive CPM in Internet hospitals and guideline concordance.
[image: Table 4]Only 1.86% (n = 14,642) of CPM prescriptions were concordant with guidelines. Among the 38 antihypertensive CPM, only 7 were recommended by guidelines, and these were primarily classified as treat wind formulas (Table 4). The most frequently prescribed antihypertensive CPM were Jiuqiang Naoliqing (n = 8,689, 17.67%) and Zhenju Jiangya tablet (n = 7,251, 14.74%), however, neither of them was recommended by the guidelines. Other commonly prescribed CPM were Qiangli Dingxuan tablet/capsule (n = 6,024, 12.25%), Qingnao Jiangya tablet (n = 5,348, 10.87%), and Niuhuang Jiangya tablet/pill (n = 2,996, 6.09%). These three CPM were recommended by the 2021 CPM guidelines for their TCM efficacy in soothing the liver and submerging yang. In contrast, several CPMs explicitly recommended by the 2021 CPM guidelines and the 2019 hypertension expert consensus were prescribed less frequently. These included Songling Xuemaikang capsule (n = 309, 0.63%), Tianma Gouteng capsule (n = 58, 0.12%), Qinggan Jiangya capsule (n = 5, 0.01%), and Xinmaitong tablet (n = 7, 0.01%).
Among the antihypertensive CPM combinations, the combination of a single WM with a single CPM was the most common, while triple therapy of CPM was not observed (Figure 5; Table 5). The most frequently prescribed combination was Jiuqiang Naoliqing + nifedipine (support 17.15%, confidence 4.64%), followed by Zhenju Jiangya tablet + nifedipine (support 14.08%, confidence 5.07%), and Qiangli Dingxuan tablet/capsule + nifedipine (support 12.06%, confidence 3.64%). Among these combinations, only Qiangli Dingxuan tablet/capsule was recommended for use in combination with WM according to the guideline.
[image: Figure 5]FIGURE 5 | Association rule diagram of antihypertensive CPM and WM. Note: JQNLQ, Jiuqiang Naoliqing; ZJJYT, Zhenju Jiangya tablet; QLDXT, Qiangli Dingxuan tablet/capsule; QNJYT, Qingnao Jiangya tablet; NHJYP, Niuhuang Jiangya tablet/pill; LBMJYT, Luobuma Jiangya tablet; ZNNC, Zhennaoning capsule/granule; DZPYT, Duzhong Pinya tablet; SJJYC, ShanJu Jiangya capsule; ESWWSHP, Ershiwuwei Shanhu pill.
TABLE 5 | Commonly prescribed antihypertensive CPM combination and guideline concordance.
[image: Table 5]Two CPM combination prescriptions were not recommended in either of the guidelines (Table 5). The most frequently prescribed two-CPM combinations were Jiuqiang Naoliqing + Qiangli Dingxuan tablet/capsule (support 8.65%, confidence 0.44%), followed by Jiuqiang Naoliqing + Niuhuang Jiangya tablet/pill (support 8.65%, confidence 0.42%),both of which are indicated fort hypertension with hyperactivity of liver yang pattern. Descriptions of the TCM syndromes are detailed in Supplementary Table S5. The third most common combination was Jiuqiang Naoliqing + Qingnao Jiangya tablet (support 8.65%, confidence 0.32%), which shared common components, including Achyranthis bidentatae radix and Magentitum (Supplementary Table S6).
4 DISCUSSION
Hypertension is a leading health problem worldwide, and the prevention and treatment is very important (Yao et al., 2024). This study analyzed the prescribing characteristics and guideline concordance of antihypertensive WM and CPM across 787,209 hypertension visits in Internet hospitals in China. Our findings revealed that female patients were more likely to receive CPM alone compared to male patients, which is consistent with previous studies (Tsai et al., 2014; Xu et al., 2021a), reflecting women’s greater higher acceptance of TCM. Furthermore, hypertension patients aged 60 years or older were more frequently prescribed a combination of CPM and WM, primarily due to their higher prevalence of comorbidities and consequent need for comprehensive therapeutic strategies. Coronary heart disease was the most common comorbidity in our study, aligning with extensive evidence identifying hypertension as the primary contributor of CVD (Lu and Lan, 2022; Wang et al., 2022; GBD, 2019 Diseases and Injuries Collaborators, 2020). Patients with coronary heart disease were also more likely to prescribe combinations of CPM and WM, probably due to the complexity of their condition, which requires multi-targeted treatment. While antihypertensive WM target specific pathway (e.g., renin-angiotensin-aldosterone system blockade), CPM may provide complement effects through distinct mechanisms such as microcirculatory improvement or anti-inflammatory effects (Lauder et al., 2023; Jin et al., 2024). The combination may offer synergistic benefits, leading clinicians to prefer integrated treatment strategies.
4.1 Prescribing characteristics and guideline concordance of antihypertensive WM
Our findings on antihypertensive WM prescribing characteristics in Internet hospitals align with those from offline hospitals in China. A nationwide survey of primary healthcare sites reported nifedipine as the most prescribed individual medication, with CCBs, ARBs, and beta-blockers being the most frequently prescribed classes (Su et al., 2017). Similarly, an analysis of multiple offline hospitals indicated that CCBs and ARBs were the predominant classes, with diuretics + ARBs and diuretics + CCBs + ARBs being the most common two- and three-drug combinations, respectively (Yang et al., 2023). Consistent with these findings, our study identified CCBs, particularly nifedipine, as the most prescribed class in Internet hospitals, the most frequent dual therapy was nifedipine with metoprolol tartrate, while the predominant triple therapy combined candesartan cilexetil, nifedipine, and metoprolol tartrate. The consistent antihypertensive prescribing patterns in Internet hospitals, coupled with their enhanced accessibility and time- and cost-saving benefits, demonstrate their potential to support China’s hypertension management goals. This innovative healthcare delivery model effectively complements conventional care, particularly for long-term medication management in the growing hypertensive population in China.
The analysis revealed guideline concordance of antihypertensive WM in Internet hospitals is relatively satisfactory. All prescribed WM from the four first-line classes (ACEIs, ARBs, CCBs, and diuretics) were guideline-recommended. Furthermore, frequently prescribed classes such as SPCs, MRAs and beta-blockers are also recommended by the Chinese guideline. Although recommended as first-line options for hypertension management (McEvoy et al., 2024), ACEIs and diuretics showed lower prescription rates compared to SPCs in our study. This preference for SPCs may be attributed to their advantages in reducing pill burden and enhancing medication adherence and persistence. Consistent with our findings, previous research indicated that over 70% of clinicians preferentially prescribe SPCs as the first-line therapy for patients with stage 2 hypertension (Deng and Fan, 2024). Notably, our study identified frequent prescribing of dual CCBs therapy, with the nifedipine-amlodipine besylate combination representing the third most common dual therapy medications. However, dual CCBs therapy can cause ankle edema, headache, flushing and tachycardia (Jones et al., 2024). Current guidelines also recommend against combining medications with similar mechanisms of action due to insufficient high-quality evidence regarding the safety and efficacy of dual CCB therapy (Niu, 2018; Whelton et al., 2018). These findings underscore the necessity of enhanced physician education on appropriate antihypertensive combination therapies.
4.2 Prescribing characteristics and guideline concordance of antihypertensive CPM
The prescription of CPM should strictly adhere to the principle of “syndrome differentiation and treatment”, a cornerstone of TCM theory (Wang J. et al., 2014). Deviation from this principle may compromise the appropriateness of CPM prescriptions, potentially leading to suboptimal therapeutic outcomes and increased risks of adverse effects (Fan, 2017). However, in our study, very few prescriptions in Internet hospitals had diagnoses of TCM syndromes. This discrepancy may be attributed to several potential factors. First, syndrome differentiation requires a detailed and personalized assessment of the patient’s condition. However, online consultations limit clinicians' ability to fully utilize the four diagnostic TCM methods (observation, auscultation, inquiry and palpation), which are essential for accurate syndrome identification. Second, most healthcare providers in Internet hospitals are trained in WM and often lack sufficient knowledge or proficiency in TCM syndrome differentiation (Luo et al., 2017; Liu et al., 2017). This gap in expertise may result in prescriptions that do not align with TCM principles. To address these challenges, it is essential to enhance the education of WM practitioners in TCM theory and encourage them to obtain TCM-related qualifications. Moreover, to overcome the limitations of online consultations, Internet hospitals should introduce Artificial Intelligence (AI)-enabled TCM diagnostic systems, such as tongue and pulse diagnostic devices. These technologies can replicate the traditional TCM diagnostic methods of observation and palpation, enabling more accurate identification of TCM syndromes. Integrating these systems into online platforms would significantly enhance the ability to perform TCM syndrome differentiation remotely.
A significant finding of this study is the suboptimal utilization of guideline-recommended antihypertensive CPMs in Internet hospitals. Among the 38 prescribed CPM, only 7 were recommended by guidelines. This discrepancy highlights a substantial gap between clinical practice in Internet hospitals and evidence-based recommendations in guidelines. A notable example is Jiuqiang Naoliqing, the most frequently prescribed CPM in our study, which is not recommended by hypertension guidelines (Xu F. Q., 2022; Wang J. G., 2024). This CPM exerts therapeutic effects by soothing the liver, submerging yang hyperactivity, and clearing liver fire. Its primary component, achyranthis bidentatae radix, has demonstrated significant reductions in liver yang hyperactivity symptoms, blood pressure, and cardiac remodeling in preclinical studies using hypertensive rat models (Wu et al., 2024; Zhang et al., 2024b). However, the absence of robust randomized controlled trials (RCTs) evaluating clinical endpoints, such as blood pressure control rates, cardiovascular event reduction, or long-term safety profiles, precludes its inclusion in evidence-based guidelines. This evidence gap underscores the critical need for rigorous RCTs with standardized TCM syndrome differentiation criteria to validate the therapeutic efficacy and safety of widely utilized CPM like Jiuqiang Naoliqing. Furthermore, clinical guidelines should be regularly updated to systematically incorporate emerging clinical efficacy evidence, ensuring alignment between guideline-recommended CPM and advancing evidence.
Furthermore, duplicate prescriptions of CPM for the same TCM syndrome in Internet hospitals often deviate from guidelines recommendations (State Administration of Traditional Chinese Medicine, 2010; Society of Cardiovascular Diseases, 2019). For instance, Jiuqiang Naoliqing was frequently combined with Qiangli Dingxuan tablet/capsule, both of which are indicated for hypertension with a pattern of hyperactivity of liver yang. However, there is no evidence to suggest that combining these two CPM enhances their clinical effectiveness in treating hypertension. On the contrary, such duplicate prescriptions may lead to overdosing and reduced therapeutic effectiveness (Xiong et al., 2013). A common example in our study was the combination of Jiuqiang Naoliqing and Qingnao Jiangya tablet, both of which contain Achyranthis bidentatae radix and Magentitum. This combination may increase the risk of adverse effects, including transient hypotension, hyperuricaemia, and elevated blood glucose levels (Xiong et al., 2013; Yu H. et al., 2019; Wang and Liu, 2025). To address these issues, implementing a Clinical Decision Support System (CDSS) in Internet hospitals is recommended. A CDSS integrates patient data with guideline recommendations, ensuring evidence-based prescribing. Previous studies in China have demonstrated its effectiveness in promoting guideline-adherent antihypertensive treatment (Lu et al., 2022; Yu et al., 2023). The CDSS should be regularly updated to include CPM-specific features, such as active components, TCM indications, and alerts for risks like overdosing, drug-drug interactions, or dual therapy. By leveraging such a system, Internet hospitals can improve the appropriateness and safety of CPM prescriptions, ultimately improving outcomes for hypertension patients.
4.3 Recommendations for antihypertensive medication management in Internet hospitals
To address the identified discrepancies and strengthen regulation of antihypertensive CPM management in the treatment of hypertension in Internet hospitals, the following recommendations are proposed:
(1) Integrate AI and CDSS for TCM precision: Implement AI-enabled TCM diagnostic tools (e.g., tongue and pulse analyzers) to improve TCM syndrome identification online and provide personalized therapy for hypertension patients, and integrate a CDSS to prevent risks such as duplicate therapies or drug interactions, thereby enhancing real-time regulatory oversight of Internet hospitals.
(2) Enhance TCM education and guideline concordance: Provide training for WM clinicians on TCM theory and syndrome differentiation to bridge the gap between WM and TCM practices, and strengthen their adherence to clinical guidelines to ensure patients receive the most effective and evidence-based TCM treatments, thereby improving the quality of healthcare services in Internet hospitals.
(3) Conduct high-quality research and update guidelines: Perform RCT to evaluate the efficacy and safety of commonly prescribed antihypertensive CPM, and guidelines should be regularly updated to incorporate new evidence, including TCM syndrome differentiation principles, ensuring alignment between guideline-recommended CPM and advancing evidence.
4.4 Limitations
This study has several limitations. First, the scarcity of TCM syndrome diagnoses in the prescriptions precluded a comprehensive assessment of the underlying rationales for clinicians' selection of specific CPM, making it impossible to determine whether the choices were based on TCM syndrome differentiation. Second, the data for this study were obtained from the YIMRP. Although this platform encompasses around 80% of enterprise-led Internet hospitals in China, it may not comprehensively represent the prescribing characteristics across all regions and Internet hospitals nationwide. Third, although this study provides comprehensive analysis of prescribing characteristics and guideline concordance, the lack of clinical outcome data (e.g., blood pressure control rates, cardiovascular events, or adverse effects) in our database precluded assessment of treatment effectiveness and the impact of guideline concordance on patient outcomes. Future research should incorporate outcome data to provide more actionable insights into antihypertensive medication management in this emerging healthcare model.
5 CONCLUSION
The prescribing characteristics of antihypertensive WM in Internet hospitals closely align with those in offline hospitals in China, demonstrating relatively satisfactory guideline concordance and highlighting their potential to complement conventional care for hypertension management. However, some issues persist in the prescription of antihypertensive CPM, including the lack of TCM syndrome differentiation, frequent prescription of non-guideline-recommended CPM, and duplicate therapies. It is crucial to strengthen the management of CPM in Internet hospitals to further enhance their role in optimizing hypertension care.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
Ethical approval was not required for the study involving humans in accordance with the local legislation and institutional requirements. Written informed consent to participate in this study was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and the institutional requirements.
AUTHOR CONTRIBUTIONS
TZ: Data curation, Visualization, Writing – original draft. XL: Conceptualization, Writing – review and editing. JZ: Writing – review and editing. FH: Methodology, Writing – review and editing. RM: Methodology, Writing – review and editing. LZ: Methodology, Writing – review and editing. GL: Data curation, Methodology, Writing – review and editing. JH: Conceptualization, Supervision, Writing – review and editing.
FUNDING
The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by National Natural Science Foundation of China (no. 82474678, 81973694), Beijing High-level Public Health Technology Talent Project (no. 02-34), and China Academy of Chinese Medical Sciences Innovation Fund (no. CI2021A05503; CI2021B003).
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2025.1580787/full#supplementary-material
REFERENCES
 Alyabsi, M., Gaid, R., Alqunaibet, A., Alaskar, A., Mahmud, A., and Alghamdi, J. (2020). Impact of the 2017 ACC/AHA guideline on the prevalence of elevated blood pressure and hypertension: a cross-sectional analysis of 10,799 individuals. BMJ Open 10 (12), e041973. doi:10.1136/bmjopen-2020-041973
 Buffolo, F., Sconfienza, E., Burrello, J., Losano, I., Mengozzi, G., Priolo, G., et al. (2021). Assessment of anti-hypertensive drug adherence by serial aldosterone-to-renin ratio measurement. Front. Pharmacol. 12, 668843. doi:10.3389/fphar.2021.668843
 Chen, X., Wu, X., Zhang, Q., Jing, R., Cheng, W., Tian, J., et al. (2023). The construction and operational models of internet hospitals in China: a hospital-based survey study. BMC Health Serv. Res. 23 (1), 669. doi:10.1186/s12913-023-09675-2
 Chinese pharmacopoeia commission (2020). Chinese pharmacopoeia. Available online at: https://ydz.chp.orh.cn/#/main (Accessed December 19, 2022. 
 Colantonio, L. D., Booth, J. N., Bress, A. P., Whelton, P. K., Shimbo, D., Levitan, E. B., et al. (2018). 2017 ACC/AHA blood pressure treatment guideline recommendations and cardiovascular risk. J. Am. Coll. Cardiol. 72 (11), 1187–1197. doi:10.1016/j.jacc.2018.05.074
 Deng, Y. Q., and Fan, Y. D. (2024). Survey and analysis of hypertension co-administration by physicians in selected public hospitals in China. Chin. J. Hypertens. 32 (01), 78–82. doi:10.16439/j.issn.1673-7245.2024.01.015
 Fan, Q. N. (2017). Common issues and coping strategies for the rational application of Chinese medicines. Chin. J. Clin. Ration. Drug Use 10 (29). doi:10.15887/j.cnki.13-1389/r.2017.29.054
 Gao, Y., Lv, Y., Wang, S., Guo, M., Guo, Y., Zheng, M., et al. (2024). Implementation and evaluation of whole-course-based internet hospital outpatient pharmacy services: a cross-sectional study in western China. Front. Public Health 12, 1448471. doi:10.3389/fpubh.2024.144847189/fpubh.2024.1448471
 GBD 2019 Diseases and Injuries Collaborators (2020). Global burden of 369 diseases and injuries in 204 countries and territories, 1990-2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet 396 (10258), 1204–1222. doi:10.1016/S0140-6736(20)30925-9
 General Office of the State Council of China (2017). China’s medium - and long term plan for the prevention and treatment of chronic non-communicable diseases (2017-2025). Available online at: https://www.gov.cn/zhengce/content/2017-02/14/content_5167886.htm (Accessed January 19, 2025). 
 Han, Y., Lie, R. K., and Guo, R. (2020). The internet hospital as a telehealth model in China: systematic search and content analysis. J. Med. Internet Res. 22 (7), e17995. doi:10.2196/17995
 Harrison, M. A., Marfo, A. F. A., Buabeng, K. O., Annan, A., Nelson, F., Boateng, D. P., et al. (2023). Blood pressure-lowering medication prescribing, its adherence to guidelines and relationship with blood pressure control at a family medicine department. Health Sci. Rep. 6 (4), e1185. doi:10.1002/hsr2.1185
 Hias, J., Defieuw, L., Vanassche, T., Verhamme, P., and Van der Linden, L. (2024). Therapy and guideline adherence at a multidisciplinary hypertension clinic: a prospective, observational study. Vasc. Pharmacol. 154, 107271. doi:10.1016/j.vph.2023.1072712023.107271
 Jin, Z., Lan, Y., Li, J., Wang, P., and Xiong, X. (2024). The role of Chinese herbal medicine in the regulation of oxidative stress in treating hypertension: from therapeutics to mechanisms. Chin. Med. 19 (1), 150. doi:10.1186/s13020-024-01022-9
 Jones, K. E., Hayden, S. L., Meyer, H. R., Sandoz, J. L., Arata, W. H., Dufrene, K., et al. (2024). The evolving role of calcium channel blockers in hypertension management: pharmacological and clinical considerations. Curr. Issues Mol. Biol. 46 (7), 6315–6327. doi:10.3390/cimb46070377
 Kow, C. S., Hasan, S. S., Wong, P. S., and Verma, R. K. (2021). Concordance of recommendations across clinical practice guidelines for the management of hypertension in Southeast Asia with internationally reputable sources. BMC Cardiovasc. Disord. 21 (1), 354. doi:10.1186/s12872-021-02054-x
 Langford, A. T., Akinyelure, O. P., Moore, T. L., Howard, G., Min, Y. I., Hillegass, W. B., et al. (2020). Underutilization of treatment for black adults with apparent treatment-resistant hypertension: JHS and the REGARDS study. Hypertension 76 (5), 1600–1607. doi:10.1161/hypertensionaha.120.14836
 Lauder, L., Mahfoud, F., Azizi, M., Bhatt, D. L., Ewen, S., Kario, K., et al. (2023). Hypertension management in patients with cardiovascular comorbidities. Eur. Heart J. 44 (23), 2066–2077. doi:10.1093/eurheartj/ehac395
 Liu, M., Zhang, C., Zha, Q., Yang, W., Yuwen, Y., Zhong, L., et al. (2017). A national survey of Chinese medicine doctors and clinical practice guidelines in China. BMC Complement. Altern. Med. 17 (1), 451. doi:10.1186/s12906-017-1946-2
 Lu, Y., Arowojolu, O., Qiu, O., Liu, Y., Curry, L. A., and Krumholz, H. M. (2024). Barriers to optimal clinician guideline adherence in management of markedly elevated blood pressure: a qualitative study. JAMA Netw. Open 7 (8), e2426135. doi:10.1001/jamanetworkopen.2024.26135
 Lu, Y., and Lan, T. (2022). Global, regional, and national burden of hypertensive heart disease during 1990–2019: an analysis of the global burden of disease study 2019. BMC Public Health 22 (1), 841. doi:10.1186/s12889-022-13271-0
 Lu, Y., Melnick, E. R., and Krumholz, H. M. (2022). Clinical decision support in cardiovascular medicine. Bmj 377, e059818. doi:10.1136/bmj-2020-059818
 Luo, E. D., Li, L. D. L., and Ying, B. (2017). Analysis of outpatients's prescription utilization of Chinese Patent Medicines in primary health institutions from rural western China. Chin. J. Health Policy 10 (07), 59–64. doi:10.3969/j.issn.1674-2982.2017.07.010
 McEvoy, J. W., McCarthy, C. P., Bruno, R. M., Brouwers, S., Canavan, M. D., Ceconi, C., et al. (2024). 2024 ESC Guidelines for the management of elevated blood pressure and hypertension. G. Ital. Cardiol. (Rome) 25 (11), 1e–107e. doi:10.1714/4361.43518
 National Center for Cardiovascular Diseases (2024). Report on cardiovascular health and diseases in China 2023: an updated summary. Chin. Circulation J. 39 (07), 625–660. doi:10.3969/j.issn.1000-3614.2024.07.001
 National Health Commission (2019). Healthy China action (2019–2030). Available online at: http://www.nhc.gov.cn/guihuaxxs/s3585u/201907/e9275fb95d5b4295be8308415d4cd1b2.shtml (Accessed January 10, 2025). 
 National Health Commission (2023). National basic medical insurance, work injury insurance, and maternity insurance drug list (2023). Available online at: https://www.nhc.gov.cn/guihuaxxs/s3585u/201907/e9275fb95d5b4295be8308415d4cd1b2.shtml (Accessed January 10, 2025). 
 Niu, J. J. (2018). Clinical effect observation of amlodipine benzenesulfonate combined with nifedipine in the treatment of essential hypertension. J. Chronic Dis. 19 (09), 1283–1284+1287. doi:10.16440/j.cnki.1674-8166.2018.09.046
 Paturle, C., Huguet, M., Ferreira, E., and Mourad, J. J. (2023). From guidelines to current practices: suboptimal hypertension management in France. J. Med. Vasc. 48 (5-6), 174–180. doi:10.1016/j.jdmv.2023.10.010
 People's Government of Yinchuan City (2018). Yinchuan internet hospital supervision platform goes online. Available online at: https://yinchuan.gov.cn/xwzx/mrdt/201805/t20180509_750751.html (Accessed May 9, 2024). 
 Saputra, P. B. T., Lamara, A. D., Saputra, M. E., Pasahari, D., Kurniawan, R. B., Farabi, M. J. A., et al. (2024). Long-term systolic blood pressure variability independent of mean blood pressure is associated with mortality and cardiovascular events: a systematic review and meta-analysis. Curr. Probl. Cardiol. 49 (2), 102343. doi:10.1016/j.cpcardiol.2023.102343
 Society of Cardiovascular Diseases (2019). Expert consensus on diagnosis and treatment of hypertension with traditional Chinese medicine. Chin. J. Exp. Formulary. 25 (15), 217–221. doi:10.13422/j.cnki.syfjx.20191521
 State Administration of Traditional Chinese Medicine (2010). Guiding principles for the clinical application of proprietary Chinese medicines. Available online at: https://www.natcm.gov.cn/yizhengsi/gongzuodongtai/2018-03-24/3071.html (Accessed October 23, 2023). 
 Su, M., Zhang, Q., Bai, X., Wu, C., Li, Y., Mossialos, E., et al. (2017). Availability, cost, and prescription patterns of antihypertensive medications in primary health care in China: a nationwide cross-sectional survey. Lancet 390 (10112), 2559–2568. doi:10.1016/s0140-6736(17)32476-5
 Tang, J., Song, T., Kuang, M., and Liu, H. (2024). Analysis of online prescription patterns in Chinese patients with sequelae of cerebral infarction: a real-world study. Sci. Rep. 14 (1), 11962. doi:10.1038/s41598-024-62923-1
 Tsai, D. S., Chang, Y. S., Li, T. C., and Peng, W. H. (2014). Prescription pattern of Chinese herbal products for hypertension in Taiwan: a population-based study. J. Ethnopharmacol. 155 (3), 1534–1540. doi:10.1016/j.jep.2014.07.047
 Vatani Nezafat, A., Tavakolifard, N., and Vaezi, A. (2020). Adherence of general practitioners to the national hypertension guideline, isfahan, Iran. Int. J. Prev. Med. 11 (1), 130. doi:10.4103/ijpvm.IJPVM_379_19
 von Elm, E., Altman, D. G., Egger, M., Pocock, S. J., Gøtzsche, P. C., Vandenbroucke, J. P., et al. (2008). The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting of observational studies. Internist (Berl) 49 (6), 688–693. doi:10.1007/s00108-008-2138-4
 Wang, J., Xiong, X., and Liu, W. (2014). Traditional Chinese medicine syndromes for essential hypertension: a literature analysis of 13,272 patients. Evid. Based Complement. Altern. Med. 2014, 418206. doi:10.1155/2014/418206
 Wang, J. G. (2024). Chinese guidelines for the prevention and treatment of hypertension (2024 revision). Chin. J. Hypertens. 32 (07), 603–700. doi:10.16439/j.issn.1673-7245.2024.07.002
 Wang, M. Y. (2022). An empirical study on the influencing factors of medical service quality in Internet hospitals-taking Yinchun City as an example. [master’s thesis]. [Ning xia Hui Autonomous Region (China)]: Ningxia medical university. 
 Wang, X., Hao, G., Chen, L., Yang, Y., Zhou, H., Kang, Y., et al. (2022). Hypertension-mediated organ damage and established cardiovascular disease in patients with hypertension: the China Hypertension Survey, 2012–2015. J. Hum. Hypertens. 36 (12), 1092–1098. doi:10.1038/s41371-021-00635-z
 Wang, Y. J., and Liu, F. (2025). Application of Achyranthis bidentatae radix in essential hypertension. Guangming J. Chin. Med. 40 (01), 68–71. doi:10.3969/j.issn.1003-8914.2025.01.018
 Weber, M. A., Schiffrin, E. L., White, W. B., Mann, S., Lindholm, L. H., Kenerson, J. G., et al. (2014). Clinical practice guidelines for the management of hypertension in the community a statement by the American Society of Hypertension and the International Society of Hypertension. J. Hypertens. 32 (1), 3–15. doi:10.1097/HJH.00000000000000650000000000065
 Whelton, P. K., Carey, R. M., Aronow, W. S., Casey, D. E., Collins, K. J., Dennison Himmelfarb, C., et al. (2018). 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the prevention, detection, evaluation, and management of high blood pressure in adults: a report of the American College of Cardiology/American heart association task force on clinical practice guidelines/ASPC/NMA/PCNA guideline for the prevention/ASPC/NMA/PCNA guideline for the prevention, detection, evaluation, and management of high blood pressure in adults: a report of the American College of Cardiology/American heart association task force on clinical practice guidelines. J. Am. Coll. Cardiol. 71 (19), e127–e248. doi:10.1016/j.jacc.2017.11.006
 Williams, B., Mancia, G., Spiering, W., Agabiti Rosei, E., Azizi, M., Burnier, M., et al. (2018). 2018 ESC/ESH Guidelines for the management of arterial hypertension. Eur. Heart J. 39 (33), 3021–3104. doi:10.1093/eurheartj/ehy339
 World Health Organization (2022). Guidelines for ATC classification and DDD assignment 2023. Available online at: https://www.whocc.no/atc_ddd_index_and_guidelines/guidelines/(Accessed December 19, 2022). 
 Writing Group of Chinese Guidelines for the Management of Hypertension (2019). 2018 Chinese guidelines for the management of hypertension. Chin. Cardiovasc. J. 24 (01), 24–56. doi:10.7661/j.cjim.20211224.19
 Wu, M., Yang, P., Wang, J., Yang, R., Chen, Y., Liu, K., et al. (2024). Characterization of the components and metabolites of Achyranthes bidentata in the plasma and brain tissue of rats based on ultrahigh performance liquid chromatography-high-resolution mass spectrometry (UHPLC-HR-MS) resolution mass spectrometry (UHPLC-HR-MS). Molecules . 29, 2840(12). doi:10.3390/molecules29122840
 Xie, X., Zhou, W., Lin, L., Fan, S., Lin, F., Wang, L., et al. (2017). Internet hospitals in China: cross-sectional survey. J. Med. Internet Res. 19 (7), e239. doi:10.2196/jmir.78547854
 Xiong, X. J., Yang, X. C., Liu, W., Chu, F. Y., Wang, P. Q., and Wang, J. (2013). Trends in the treatment of hypertension from the perspective of traditional Chinese medicine. Evidence-Based Complementary Altern. Med. 2013, 275279. doi:10.1155/2013/27527955/2013/275279
 Xu, F. Q. (2022). Clinical practice guidelines of Chinese patent medicine for essential hypertension (2021). Chin. J. Integr. Med. 42 (07), 773–781. doi:10.7661/j.cjim.20211224.197
 Xu, L., Hu, J., Liu, L., Zhan, S., and Wang, S. (2021a). Trends and patterns in traditional Chinese medicine use among Chinese population in late adulthood: an eight-year repeated panel survey. Am. J. Chin. Med. 49 (2), 269–283. doi:10.1142/S0192415X2150014200142
 Xu, X., Cai, Y., Wu, S., Guo, J., Yang, L., Lan, J., et al. (2021b). Assessment of internet hospitals in China during the COVID-19 pandemic: national cross-sectional data analysis study. J. Med. Internet Res. 23 (1), e21825. doi:10.2196/21825
 Yang, R., Tang, J., Kuang, M., and Liu, H. (2023). Analysis of prescription status of antihypertensive drugs in Chinese patients with hypertension based on real-world study. Ann. Med. 55 (1), 276–284. doi:10.1080/07853890.2022.2162113
 Yao, Y., Shen, J., Luo, J., Li, N., Liao, X., and Zhang, Y. (2024). Disagreements in risk of bias assessment for randomized controlled trials in hypertension-related Cochrane reviews. Trials 25 (1), 405. doi:10.1186/s13063-024-08145-2
 Yu, H., Mei, J., Zhang, P., Zang, Y., and Xu, F. Q. (2019). Efficacy and safety of qingnao jiangya patent medicine in the treatment of primary hypertension: a systematic review. Chin. J. Integr. Med. Cerebrovascuiar Dis. 17 (07), 961–966. doi:10.12102/j.issn.1672-1349.2019.07.001
 Yu, T., Jin, C., Wu, X., and Yue, D. (2023). Implementation of shared decision-making within internet hospitals in China based on patients' needs: feasibility study and content analysis. JMIR Form. Res. 7, e39965. doi:10.2196/39965
 Zhang, H., Zhou, X. D., Shapiro, M. D., Lip, G. Y. H., Tilg, H., Valenti, L., et al. (2024a). Global burden of metabolic diseases, 1990-2021. Metabolism 160, 155999. doi:10.1016/j.metabol.2024.155999
 Zhang, Q. (2022). The internet hospital: how to combine with traditional healthcare model. Hepatobiliary Surg. Nutr. 11 (2), 273–275. doi:10.21037/hbsn-2022-10
 Zhang, S. H., Ju, W. S., and Tao, S. (2020). The development prospect of internet medicine under the epidemic situation. China Digit. Health 15 (09), 15–17+48. doi:10.3969/j.issn.1673-7571.2020.09.004
 Zhang, Y., Yan, P., He, Y., Ren, S., Wu, D., Wang, Y., et al. (2024b). Exploring synergistic effects of Achyranthes bidentata Blume and Paeonia lactiflora Pall. on hypertension with liver yang hyperactivity using the multidisciplinary integrative strategy. Heliyon 10 (21), e38649. doi:10.1016/j.heliyon.2024.e38649
 Zhu, L., Wu, Y., Zhang, Y., Yang, R., Yang, Z., Liu, L., et al. (2024). Copublication promotes dissemination hypertension guidelines: a retrospective cohort study. Hypertens. Res. 47 (2), 416–426. doi:10.1038/s41440-023-01470-0
GLOSSARY
ACC/AHA American College of Cardiology and the American Heart Association
ACEIs Angiotensin-converting enzyme inhibitors
AI Artificial intelligence
ANOVA Analysis of variance
ARBs Angiotensin receptor blockers
ARNI Angiotensin receptor-neprilysin inhibitor
ATC Anatomical therapeutic chemical
CCBs Calcium channel blockers
CDSS Clinical decision support system
CPM Chinese patent medicine
CVD Cardiovascular disease
DALYs Disability-adjusted life years
DZPYT Duzhong Pingya tablet
ESC/ESH European Society of Cardiology and European Society of hypertension
ESWWSHP Ershiwuwei Shanhu pill
ICD-10 International classification of diseases, version 10
JQNLQ Jiuqiang Naoliqing
LBMJYT Luobuma Jiangya tablet
MRAs Mineralocorticoid receptor antagonists
NHJYP Niuhuang Jiangya tablet/pill
QLDXT Qiangli Dingxuan tablet/capsule
QNJYT Qingnao Jiangya tablet
RCTs Randomized controlled trials
SD Standard deviation
SJJYC Shanju Jiangya capsule
SPCs Single-pill combinations
STROBE Strengthening the reporting of observational studies in epidemiology
TCM Traditional Chinese medicine
WM Western medicine
YIMRP Yinchuan internet medical regulatory platform
ZJJYT Zhenju Jiangya tablet
ZNNC Zhennaoning capsule/granule
Conflict of interest: Author GL was employed by Beijing PD Cloud medical Technology Co., Ltd.
The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2025 Zhou, Liao, Zuo, Han, Meng, Zhuo, Liu and Hu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-16-1580787-g005.gif





OPS/images/fphar-16-1580787-t001.jpg
Characteristics

WM alone n =

738,028 (%)

CPM alone n =
37,189 (%)

CPM combined with WM n =
11,992 (%)

Gender <0.001
Male 456,448 (61.85) 22,199 (59.69) 7,598 (63.36)
Female 281,580 (38.15) 14990 (40.31) 4,394 (36.64)
Age (y), Mean + SD 5407 £ 1262 53.96 £ 1259 55.84 & 1245 <0.001
Age(y) <0.001
18-44 169,852 (23.01) 8832 (2375) 2,227 (18.57)
45-59 324,823 (44.01) 16,121 (43.35) 5,210 (43.45)
60-74 198,071 (26.84) 9,947 (26.75) 3,620 (30.19)
275 45,282 (6.14) 2289 (6.15) 935 (7.80)
Comorbidities
Coronary heart disease 114916 (15.57) 5279 (14.20) 2,998 (25.00) <0.001
Upper respiratory tract 45445 (6.16) 2,875 (7.73) 551 (459) <0.001
infection
Hyperlipidemia 37,652 (5.10) 1,239 (3.33) 622 (519) <0.001
Diabetes 33,789 (458) 1,210 (325) 519 (4.33) <0.001
Angina 26,001 (352) 313 (0.84) 413 (3.44) <0.001
Migraine 13,808 (1.87) 1,707 (4.59) 451 (3.76) <0.001
Gastrointestinal ulcer 14,296 (1.94) 789 (2.12) 168 (1.40) <0.001
Cerebral infarctions sequelae | 11,579 (1.57) 1,150 (3.09) 617 (5.15) <0.001
Arrhythmia 11,427 (1.55) 281 (0.76) 233 (1.94) <0.001
Urinary tract infection 7491 (1.02) 97 (081) <0.001

466 (1.25)






OPS/images/fphar-16-1580787-g003.gif





OPS/images/fphar-16-1580787-g004.gif





OPS/images/fphar-16-1580787-t004.jpg
Internet hospitals Guidelines

TCM category (n, %) TCM efficacy Individual CPM (Pin- Prescription 2021 CPM 2019 hypertension expert
yin name) frequency (n, %) guideline consensus
“Treat wind formulas (32,544, 8851) | Soothe the liver and Zhenju Jiangya tablet 7251 (14.74) x x
submerge yang | .
Qiangli Dingxuan tablet/capsule 6024 (1225) v x
Qingnao Jiangya tablet 5348 (1087) v x
Niuhuang Jiangya tabletpill 2996 (609) v | x
Zhennaoning capsule/granule 1,218 (248) x x
Songing Xuemakang capile | 309 (063) v | v
‘Tianma Gouteng capsle 58 012) v v
Qinggan Jiangya capsule | 5001 | v v
Soothe the lver and Jiugiang Naoliging I 8689 (17.67) x x
extinguish wind .
Shanju Jiangya capsule 575 (117) 3 x
Angong Jiangya pill I 65 (013) % x
Shanlvcha Jiangya tablet [ 6001) x [ x
Girculate blood and climinate stasis | Circulate blood and Xinkeshu capsule | 101 (021) | x x )
formulas (162, 0.44) resolve stagnation
Transform stasis and | Qli Qiangxin capsule 45 (009) % x
saothe the chest
Xinmaitong tablet 7001 x x
Naoxuekang capsule 6001 2 x
Open the orifices formulas Clear heat and open the | Ershivawei Shanhu pill 313 (060) x x
(17, 086) orifices
Annao pill 4001) x x
Calm the mind formulas (9, 002) | Tonify the spleen and | Qishiwei Zhenzhu pil 9(002) x x
Kidney
Not dlear (3736, 10.16) Luobuma Jiangya tablet 1823 (371) x x
Duzhong Pinya tablet 949 (193) | 5 x
Duzhong Jiangya tablet 310 (063) [ x x
Jiangya tablet [ 310 (063) b5 | x
| Yangyn Jangya capse 96 (0:20) x x
Changehunbao oral solution 78 (0.16) % | x
“Tianma Shouwu capsule 7 010) | x x
Duzhong granule 40 (008) x x
Zhongiing Jiangya tablet 31 006) x x
Shanhu Qishivei pil [ 19 004) | x x
Gaosueya Sujiang pill I 9(002) X x
Luobu Maye tablet | 7001 x | x
J— 6001 | x x
Xinshubao capsule 1001 [ % | x
| Juming angya pi 2000 | x x
Xinnao Jiangya tablet 2 (000) % | x
Maijunan tablet I 1000) x x
Xingshen Jiangya tablet 1(000) x x
Yinaoning tablet 1000) % x

Concordance with guideline recommendations; X: Discordant with guideline recommendations.





OPS/images/fphar-16-1580787-t002.jpg
Internet hospitals

Individual WM

Prescription frequency
(n, %)

2017 ACC/AHA
guideline

Guidelines

2018 ESC/ESH
guideline

2018 Chinese
guideline

ACEIs | Benazepril 24,890 (3.16) v v v
hydrochloride
Enalapril maleate 21,609 (275) v v v
Captopril 11329 (1.44) v v v
Fosinopril sodium 2,644 (0.34) v v v
Perindopril 1,046 (013) v v v
Lisinopril 485 (0.06) v v v
Imidapril 170 (0.02) X v v
hydrochloride
Ramipril 116 (0.01) v v v
Benazepril 12 (0.00) v v v
ARBs Candesartan cilexetil 83,732 (10.64) v v v
Valsartan 42,685 (5.42) ¢ v v
Irbesartan 17,350 (220) v v v
Telmisartan 13,465 (1.71) v v v
Losartan potassium 5693 (0.72) v v v
Olmesartan medoxomil 1,142 (015) v v v
Allisartan Isoproxil 393 (0.05) X v v
CCBs Nifedipine 154,809 (19.67) v v v
Amlodipine besylate 89,064 (11.31) v v v
Felodipine 48,260 (6.13) v v v
Levoamlodipine 25,037 (3.18) X v v
maleate
Levoamlodipine 10913 (1.39) X v v
Besylate
Nitrendipine 7,154 (0.91) x v v
Amlodipine maleate 2743 (0.35) v v v
Lacidipine 2,248 (0.29) X v v
Benidipine 2,010 (0.26) X v v
Lercanidipine 1324 (017) X v v
Diltiazem 1,165 (0.15) v v v
Amlodipine mesylate 573 (0.07) v v v
Cilnidipine 204 (0.03) X v v
Manidipine 188 (0.02) X v v
Amlodipine 40 (0.01) v v v
Nicadipine 1(0.00) X v v
Diuretics | Indapamide 33903 (431) v v v
Hydrochlorothiazide 7,962 (1.01) v v v
Furosemide 4514 (0.57) X v v
Torasemide 1953 (0.25) ¢ v v

Note: v: Concordance with guideline recommendations; X: Discordant with guideline recommendations; ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor

blockers: OCBs. calcium channel blockers.
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Dual therapy

Nifedipine + Metoprolol A+B 1865 843 068 v v v
tartrate

Nifedipine + Candesartan A+C 1865 674 065 v v v
cilexetil

Nifedipine + Amlodipine A+A 1865 587 053 X x X
Besylate

Metoprolol tartrate + B+C 1246 725 07 X v v
Candesartan cilexetil

Metoprolol tartrate + B+ A 1246 659 06 v v v
Amlodipine Besylate

Candesartan cilexetil + C+A 1099 607 059 v % v
Amlodipine Besylate

Felodipine + nifedipine A+A 602 1018 055 x x X

Felodipine + Metoprolol A+B 602 839 067 v v v
tartrate

Felodipine + Candesartan A+C 602 681 066 v v v
cilexetil

Felodipine + Amlodipine A+ A 602 592 054 X X x
Besylate
Triple therapy

Nifedipine + Metoprolol A+B+C 157 513 05 X v v
tartrate + Candesartan cilexetil

Nifedipine + Metoprolol A+B+A 0.82 6.18 0.33 X X X
tartrate + Amlodipine Besylate

Candesartan cilexetil + C+A+B 067 565 045 X v v
Amlodipine Besylate +
Metoprolol tartrate

Candesartan cilexetil + C+A+A 067 539 029 X X X
Amlodipine Besylate +
nifedipine

Felodipine + nifedipine + A+A+B 061 508 041 x x x
Metoprolol tartrate

Felodipine + nifedipine + A+A+C 061 375 036 X X x
Candesartan cilexetil

Felodipine + nifedipine + C+A+B 060 583 047 X v v
Metoprolol tartrate

Felodipine + nifedipine + C+A+A 060 397 036 X x X
Amlodipine Besylate

Candesartan cilexetil + C+B+ A 059 429 042 X v v
Metoprolol tartrate + nifedipine

Candesartan cilexetil + C+B+A 051 628 061 X v v
Metoprolol tartrate + Felodipine

Note: A, CCBs; B, Beta-blockers; C, ARBs; v: Concordance with guideline recommendations; X: Discordant with guideline recommendations.
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CPM combined with WM
JQNLQ + A 17.15 464 081 X X
JQNLQ + B 1715 288 084 X %
JONLQ + C 17.15 26 0.88 X X
Z)YT+ A 1408 507 0.89 x x
ZJYT + B 1408 359 105 X X
ZJYT + D 14.08 251 1.26 X X
ZYT + C 1408 217 073 x >
QLDXT + A 1206 364 0.64 v X
QLDXT+ C 1206 277 094 v x
QLDXT + B 1206 248 073 v X
CPM combined with CPM
JQNLQ + QLDXT 865 044 0.06 X X
JQNLQ + NHJYT 8.65 042 014 X %
JQNLQ + QNJYT 865 032 0.06 X X
QLDXT + QNYT 7.23 029 0.05 x X
QNJYT + NHJYT 533 0.34 0.11 X X
QNJYT + DZPYT 533 024 026 x x
NHJYT + QLDXT 299 04 0.06 X X
NHJYT + LBMJYT 299 023 013 X x
LBMJYT + QNJYT 18 05 0.09 3 X
LBMJYT + QLDXT 18 039 005 X X

Note: JQNLQ, jiugiang naoliqing; ZJJYT, zhenju jiangya tablet; QLDXT, Qiangli Dingxuan tablet/capsule; NHJYT, Niuhuang Jiangya tablet/pill; QNJYT, qingnao jiangya tablet; DZPYT,
duzhong pinya tablet; LBMJYT, luobuma jiangya tablet; A, nifedipine; B, metoprolol tartrate; C, candesartan cilexetil; D, amlodipine besilate; : Concordance with guideline recommendations;
icopdant watk sosilaling sueimandatinsi
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