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Abstract
Background
Pharmaceutical care has the potential to improve hypertension control rates in young and middle-aged patients. Due the COVID-19 epidemic, standard intervention methods may not be applicable. We propose establishing an internet-based pharmaceutical care (IPC) route to improve blood pressure control in young and middle-aged patients with hypertension. An evaluation method based on Principal Component Analysis (PCA) and Orthogonal Partial Least-Discriminant Analysis (OPLS-DA) was established to evaluate the effect of the IPC method.

Methods
1) Internet-based Pharmaceutical care (IPC) was provided by pharmacists mainly using Wechat software for one year after enrollment; 2) PCA and OPLS-DA were applied to analyze questionnaire reliability and data variability; 3) Markov cohort was used to evaluate the IPC effect.

Results
Ninety-seven young and middle-aged patients were enrolled. 96 patients received the IPC. 1) The blood pressure control rate increased to 71.88% after IPC in 96 patients. 2) After conducting PCA and OPLS-DA analysis, 10 questions in the questionnaire were significantly improved after the IPC. 3) Markov cohort results showed that patient survival after 28 cycles was 18.62 years and the quality-adjusted life year (QALY) was extended by 5.40 years. The cumulative cost-effectiveness ratio was ¥87.10 per QALY.

Conclusions
The IPC method could significantly improve the blood pressure control rate of patients. The questionnaire analysis method based on PCA and OPLS-DA is an effective method to evaluate the effect of the IPC method. The Markov cohort showed that the IPC had an effect on blood pressure control rate changes. Patients had a strong willingness to pay for IPC.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12955-023-02168-0.
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Introduction
Long-term treatment of hypertension is widely recognized as a significant public health challenge worldwide due to its high incidence of associated complications [1, 2]. In China, the control rate of drug treatment is 37.6%, with only about 10% for young and middle-aged people [3, 4]. The main cause of poor blood pressure control in this age group might be attributed to poor compliance with medication and fast-paced lifestyles [5–7]. With the rising occurrence of severe hypertension complications (e.g. ischemic stroke, cerebral microbleeds, chronic kidney disease, ischemic colitis) in young and middle-aged patients, prevention of complications and stable blood pressure control (through medication and lifestyle interventions) is important [8–12].
Effective pharmaceutical care, including medication and lifestyle, might be the main measure for controlling blood pressure. A study showed that the control rate was effectively improved (46.9%) after 3 months of pharmacist intervention [12]. A meta-analysis of 69 studies with a total of 11,644 patients showed that pharmaceutical care reduced systolic blood pressure by 8.5 mmHg and diastolic blood pressure by 3.68 mmHg [13]. A study conducted at an emergency hospital on 2,049 patients who were examined pre- and post-intervention using direct observation for the detection of errors found that pharmacist interventions resulted in a significant reduction in the medication error rate from 351 (34.2%) in the pre-intervention phase to 157 (15.3%) in the post-intervention phase (P < 0.001) [14]. However, in the COVID-19 pandemic, standard intervention methods such as Smith's patient-centered interviewing of pharmacists are limited [15]. The pandemic may make blood pressure control difficult, leading to a high incidence of cardiovascular events [16]. Therefore, pharmacists urgently need a feasible and cost-effective method to address this issue.
The objective of this study was to achieve sustained and stable control of blood pressure below 120 mmHg through the implementation of IPC intervention. The evaluation of the effect of pharmaceutical care mainly relies on patients' subjective scores of pharmacists, and the verification of objective indicators is lacking. In this study, patients' blood pressure and compliance questionnaires were used to evaluate patients' blood pressure control. The Markov cohort was used to objectively evaluate pharmaceutical care. Our research group has examined the principal component analysis (PCA) and orthogonal partial least-discriminant analysis (OPLS-DA) for the prognosis analysis of inpatients [17, 18]. In this study, PCA and OPLS-DA were used for the first time to analyze an online outpatient follow-up questionnaire, with questionnaire scores serving as indicators of the effectiveness of Internet-based pharmaceutical care (IPC). As hypertension is a chronic disease, short-term results and treatment costs are often closely related to long-term outcomes, quality of life, and treatment costs. By dynamically simulating the progression of chronic disease using Markov models, it is possible to reconcile morbidity, cost, and quality of life for patients [19, 20]. Markov cohort is now widely used in pharmacoeconomics to assess outcomes and the long-term impact of drug prices. The Markov cohort was utilized for the first time to evaluate the long-term value of pharmaceutical care for young and middle-aged patients with hypertension. The objective of this study was to establish a feasible and cost-effective IPC in the context of the current epidemic situation.

Materials and methods
Patients’ characteristics
The Institutional Review Board has approved this study. All patients have signed an informed consent form. From March 1,2021 to February 28, 2022, 97 patients with hypertension were enrolled at Fuwai Yunnan Cardiovascular Hospital in Kunming, China. The enrolled patients had not previously participated in any other national or community health support program related to their hypertensive health issues. Initially, all patients who met the criteria were willing to participate in the program. The duration of the treatment phase was one year. The inclusion criteria, according to the enrollment criteria, were as follows: 1) patients who were young and middle-aged (18 ~ 65 years old); 2) essential hypertension based on the Chinese Hypertension Guidelines for 2020 [21]; 3) patients who had been taking antihypertensive medication for at least two months; 4) patients who were proficient in using communication tools, able to participate in online education, and capable of completing an online questionnaire. The exclusion criteria included: 1) patients who had co-morbidities other than hypertension; 2) patients with severe heart, lung, liver, or renal diseases; 3) patients with communication problems or other impairments such as visual or hearing impairment.

Internet-based pharmaceutical care (IPC)
The IPC, based on the PICO model (Problem, Intervention, Comparison, Outcomes), was primarily conducted by pharmacists. This patient-centred pharmaceutical care was divided into four key steps. Firstly, problems were identified through questionnaires. Secondly, the pharmacist made timely interventions. Thirdly, blood pressure and questionnaire results were compared before and after the intervention. Finally, the effect of the pharmacist’s intervention was evaluated. This patient-centered pharmaceutical care consisted of two parts: health education and questionnaire evaluation, as illustrated in Fig. 1. The questionnaire was designed and constructed based on relevant literature and the results of interviews with patients (unpublished data) [22]. Prior to this study, it underwent an evaluation of reliability and validity in 80 patients in our hospital (unpublished data). The questionnaire was divided into three parts (Table 1): patient information (including blood pressure), medication compliance (Q1-Q14), and living habits (Q15-Q25). Patients score themselves from 1 to 5 based on their actual situation during the last month with 1 indicating no or very little time; 2 indicating a small part of the time; 3 indicating half the time; 4 indicating most of the time; 5 indicating all the time. Reverse scoring questions(Q1, Q6-Q13) were processed before participating in the statistical analysis calculation of scores. Some studies have pointed out that the increase in time may lead to the reliability of questionnaire results. According to the estimation of the time for patients to fill in the questionnaire in the early stage, 10 min is acceptable [23, 24]. Software was used to capture the time taken for patients to complete the questionnaire. The completion time for the simulation test had to be less than 10 min.[image: ]
Fig. 1A flow chart of Internet-based pharmaceutical care model in one year

Table 1Internet-based scale of hypertension compliance questionnaire


[image: ]


The patients completed the first questionnaire upon enrollment as the basic data. At the same time, they were added to a pharmacist contact group on the WeChat app, where they could receive advice if they encountered any issues with their medications. The basic knowledge of hypertension management methods was announced twice a month to the contact group. Additionally, two online sessions were conducted with guest physicians over the course of a year to discuss life stress reduction, smoking cessation, and alcohol consumption limitation. Electronic health materials were distributed 22 times, and health management materials were posted once. After the intervention, patients were asked to complete the questionnaire three times (every three months) to evaluate the effectiveness of the IPC. The index for controlling blood pressure was defined as having a systolic blood pressure ≤ 120 and a diastolic blood pressure ≤ 90, measured at home during nighttime [21]. The target blood pressure control rate after one year of intervention was set at least 70% [22].

Reliability evaluation and analysis of the patient questionnaire
PCA of Simca 14.1 software (Umetrics, Kinnelon, New Jersey) was used to analyze questionnaire data and investigate its reliability. OPLS-DA was used to maximize the separation effect before and after IPC. Variables with importance in projection values > 0.5 or < -0.5 were selected in the S-plot.

The Markov Cohort
Hypertensive disease was defined by three Markov cohort states: poorly controlled blood pressure, well controlled blood pressure, and death (Fig. 2). The Markov cohort period was the same as the pharmacist intervention period (one year). The mean age of the enrolled patients (46.63 years old) was used as the initial value for the simulation. The average life expectancy in 2020 in Yunnan Province, southwest China, was 75.26 years. The average annual cost per patient was calculated by summing up the expenditure used by the intervention patients. The results were compared to the willingness to pay (WTP) value calculated by per capita GDP in Yunnan province in 2021. TreeAge Pro 2011 software (TreeAge Software, Williamstown, Massachusetts) was used to simulate the health transition and calculate the quality adjusted life year (QALY) of hypertensive patients receiving IPC for 28 years.[image: ]
Fig. 2Markov state transition model on Internet-based pharmaceutical care model




Result
Patients’ characteristics
According to the criteria, 97 young and middle-aged hypertensive patients were enrolled, Of which 96 were followed up (with one patient dropping out during the third questionnaire). The dropout rate was 1% and was due to lack of contact. The characteristics of the 96 patients are presented in Table 2.Table 2Clinical characteristics of 96 young and middle-aged patients before and after Internet-based pharmaceutical care (IPC)


	Characteristic
	Male group
	Female group

	Gender
	49
	47

	Age, year
	45.84 ± 9.62
	47.33 ± 10.84

	Pre-intervention values
	Systolic blood pressure, mm Hg
	143.04 ± 16.41
	133.66 ± 16.63

	Diastolic blood pressure, mm Hg
	94.71 ± 12.71
	88.77 ± 12.81

	Questionnaire scores
	93.78 ± 12.90
	99.02 ± 15.17

	Post-intervention values
	Systolic blood pressure, mm Hg
	124.27 ± 14.80
	126.91 ± 12.23

	Diastolic blood pressure, mm Hg
	85.90 ± 11.68
	84.45 ± 10.54

	Questionnaire scores
	108.73 ± 9.99
	114.77 ± 6.79





Objective evaluation (blood pressure control)
After one year of IPC, the blood pressure control rate increased from 32.29% to 71.88%. The effect of the intervention was pronounced in the first 3 months, with a decrease in systolic blood pressure (SBP) of 13 mmHg on average and diastolic blood pressure (DBP) of 7 mmHg on average. After 6 months of intervention, blood pressure control remained stable (Fig. 3). The systolic blood pressure of female patients decreased by an average of 6.74 mmHg and the systolic blood pressure of male patients decreased significantly by 18.78 mmHg. There was no significant difference in systolic blood pressure and diastolic blood pressure between males (124.27 ± 14.80 mmHg, 85.90 ± 11.68 mmHg) and females (126.91 ± 112.23 mmHg, 84.45 ± 10.54 mmHg) after one year (P > 0.05) (Table 2). No drug-related adverse reactions (including dry cough, edema, etc.) were observed during this study.[image: ]
Fig. 3Systolic and diastolic blood pressure (A) and questionnaire scores (B) before and after Internet-based pharmaceutical care in one year. Statistical analysis was performed using t test. *P < 0.05; **P < 0.01; ***P < 0.001. SBP systolic blood pressure, DBP diastolic blood pressure



Subjective assessment (analysis of questionnaire scores)
The time taken to complete the four questionnaires was: 1) 1.95 ± 2.55 min (after pharmacist training); 2) 6.25 ± 3.19 min; 3) 5.03 ± 2.66 min; 4) 4.20 ± 3.07 min.
The credibility of the questionnaire
Simca 14.1 software was used to analyze the reliability of PCA questionnaire data. The results of the first, third, and fourth questionnaires all fell within 99% confidence intervals. The probability that the results of the second questionnaire fell outside the 99% confidence interval (Supplement Fig. 1) was 4.17%, which was within the acceptable range of 10%. The patients whose questionnaire results were outside the confidence interval were NO.1, NO.35, NO.62, and NO.70. The differential contribution plot of No.1 and No.62 patients was Q1-Q4, and the differential contribution plot of No.35 and No.70 patients was Q11-Q13 (Supplement Fig. 2). Pharmaceutical intervention should focus on the related problems of these several patients.

The questionnaire score
There were no significant differences in questionnaire scores between the two adjacent groups. There was a difference before and after the intervention (P < 0.05) (Fig. 3). The effect of lifestyle intervention was more obvious than that of medication compliance. After one year of intervention, the questionnaire scores increased by an average of 14.96 points for male patients and 15.74 points for female patients, which was statistically significant (P < 0.0001).

OPLS-DA analysis and s-plot
The S-plot of the OPLS-DA analysis showed a clear sesparating trend for the distribution of data for the two groups before and after the intervention. The VIP value of systolic blood pressure in the patient was < -0.5, indicating that the patient's systolic blood pressure decreased significantly. A total of 10 questions in the questionnaire had VIP values > 0.5, indicating that the scores improved significantly after the intervention (Fig. 4).[image: ]
Fig. 4Analysis in the first questionnaires and the first questionnaires by OPLS-DA score plots (A) and S-plot with comparison of 10 difference questions (B) (●, the first questionnaires; ○, the fourth questionnaires; 10 differential questions are labeled in S-plots). Statistical analysis was performed using t test. *P < 0.05; **P < 0.01; ***P < 0.001. SBP systolic blood pressure, DBP diastolic blood pressure, Q Question




The Markov cohort
The natural mortality rate in China in 2021 was 7.18‰. The incidence and control rates of hypertension were 27.50% and 11.00%, respectively [25–28]. The mortality rate attributed to hypertension was 64.93%, which was the average annual number of deaths attributed to hypertension (1.8279‰) divided by the average annual number of deaths attributed to cardiovascular disease (2.815‰) [26]. After three months and one year of pharmaceutical intervention, the number of patients with effective blood pressure control was 31 (32.29%) and 69 (71.88%) [28]. The average mortality rate for hypertensive diseases was calculated by the following formula:[image: $${\mathrm{P}}_{\mathrm{MH}}={\mathrm{P}}_{\mathrm{IR}}\times {\mathrm{P}}_{\mathrm{CDMR}}\times {\mathrm{P}}_{\mathrm{MACD}}\times 100\mathrm{\%}=0.2750\times 0.455\times (182.79/281.5)\times 100\mathrm{\%}=8.12\mathrm{\%}$$]



where MH, IR, CDMR, and MACD represent the average mortality rate of hypertension, hypertension incidence rate, cardiovascular disease mortality rate, and mortality attributable to hypertension in cardiovascular disease, respectively.
The average age of the enrolled patients was 46.63 years old as the initial value of the Markov cohort. Patient survival without intervention was 13.22 years. After one year of pharmacist intervention, patient survival increased by 18.62 years, and the quality adjusted life year (QALY) increased by 5.40 years. The results of the Markov cohort showed that after 28 cycles (28 years), the probability of uncontrolled hypertension was 11.92%, the probability of controlled hypertension was 31.06%, and the probability of death was 57.02%. The results of the Markov cohort for 96 patients are presented in Table 3.Table 3Results of the Markov cohort of Internet-based pharmaceutical care model (IPC)


	Stage
	The number of patients without intervention
	The number of patients with IPC

	Poorly controlled blood pressure
	Well controlled blood pressure
	Death
	Poorly controlled blood pressure
	Well controlled blood pressure
	Death

	0
	96
	0
	0
	96
	0
	0

	1
	78
	10
	8
	25
	63
	8

	2
	67
	15
	14
	24
	62
	10

	3
	59
	17
	20
	23
	60
	13

	4
	53
	19
	25
	22
	59
	15

	5
	48
	19
	29
	22
	57
	17

	6
	45
	18
	33
	21
	55
	19

	7
	41
	18
	37
	21
	54
	22

	8
	39
	17
	40
	20
	52
	24

	9
	36
	16
	44
	20
	51
	26

	10
	34
	15
	47
	19
	49
	28

	11
	32
	14
	50
	18
	48
	29

	12
	30
	14
	52
	18
	47
	31

	13
	28
	13
	55
	17
	45
	33

	14
	27
	12
	57
	17
	44
	35

	15
	25
	11
	59
	16
	43
	37

	16
	24
	11
	62
	16
	42
	38

	17
	22
	10
	64
	16
	41
	40

	18
	21
	10
	65
	15
	39
	41

	19
	20
	9
	67
	15
	38
	43

	20
	19
	8
	69
	14
	37
	44

	21
	18
	8
	71
	14
	36
	46

	22
	17
	8
	72
	14
	35
	47

	23
	16
	7
	73
	13
	34
	49

	24
	15
	7
	75
	13
	33
	50

	25
	14
	6
	76
	12
	32
	51

	26
	13
	6
	77
	12
	32
	52

	27
	12
	6
	78
	12
	31
	54

	28
	12
	5
	79
	11
	30
	55


IPC Internet-based pharmaceutical care model




IPC cost evaluation
This study set one-time per capita GDP as the threshold value for willingness-to-pay (WTP). According to official data, the per capita GDP in 2021 was ¥57,700 in Yunnan, southwest China [29]. The total cost of IPC was ¥7,470, which mainly included the cost of professional advice, printing materials, and shipping healthcare materials. The average annual intervention cost per patient was ¥77.80 per patient. The cumulative cost for the 28 cycles of the Markov cohort was ¥470.37. The cumulative cost-effectiveness ratio was ¥87.10 per QALY, which was also below the one-time per capita GDP.

Sensitivity analyses
The probability of achieving blood pressure control in the study was determined using field data. Since the follow-up time was only one year, the blood pressure control rate was not very accurate. Therefore, a single factor sensitivity analysis was performed for the probability of conversion. With a 10% reduction in the control rate, the deaths rose to 57 after 28 years in the sensitivity analysis of the Markov cohort wherein the control rate was the influencing factor. As the control rate rose, the deaths decreased to 52. Effective interventions could significantly reduce the mortality of patients.
The cost of IPC was ¥7,470. The implications of changes in cost (± 20%) were investigated. The cumulative cost for the 28 cycles of the Markov cohort ranged from ¥378.85 to ¥561.90. This value is well below the per capita GDP of ¥57,700. This result indicates that patients have a higher willingness to pay for IPC.


Discussion
PCA analysis, OPLS-DA analysis, and the Markov cohort
All three methods were initially used to evaluate the IPC. For the first time, PCA analysis in combination with OPLS-DA analysis was applied to evaluate questionnaires, demonstrating its ability to quickly filter data, and identify reliable questionnaires. Additionally, the advantages of this method, which enable rapid screening of reliable questionnaires and searching for differences between pre- and post-intervention questionnaires, become more important as the number of patients increases.
The application of the Markov cohort in economic comparisons of treatment regimens is widely recognized [30–33]. This study is the first to evaluate the intervention service itself using the Markov cohort. By varying the probability of blood pressure control before and after intervention, the Markov cohort was used to determine the QALYs of the patients. The QALYs was 5.40 years over 28 cycles for the average age of the enrolled patients (46.63 years old). The youngest patient enrolled in this study was 28 years old. The QALYs gained over 47 cycles at the youngest age was 26.30 years, an increase of 2.27 years compared to the influx at the average age. This result is consistent with the theory that early detection and treatment of hypertension leads to better treatment efficacy [25–37].

Young and middle-aged patients with hypertension
In this study, young and middle-aged patients used Wechat software to complete the questionnaire, a cost-effective and convenient software that takes advantage of the cell phone and Internet-dependent nature of the young and middle-aged population. Previous studies have suggested that patients' high workloads and busy lifestyles are the main causes of noncompliance (terminal and irregular medication use), which was confirmed in this study. The blood pressure was higher during the fourth visit than at enrollment in five patients. The field report of elephone follow-up revealed that three patients had stopped taking their medication on their own, but after receiving timely education, they are now taking it normally. One patient responded directly to the pharmacist that he was working a lot of overtime during this time of the year and had a bad time off. One patient had unstable blood pressure and did not consult a physician in time [37]. Patients’ occupation was an important confounder that might affect patients’ quality of life as well as their response to antihypertensive medications depending on the stress and exhaustion which can affect blood pressure. With the consideration of the limitations in occupation, the intervention methods in this study might need to be refined. Future research could apply more theories (including the Behavior Change Wheel) and viable educational methods (including Behavior Change Techniques) by introducing more reliable and sophisticated intervention instruments [38].

Cost-Effectiveness of IPC
With the advent of COVID-19, many countries have conducted similar studies on Internet-based mobile health services [39]. These methods mainly included: voice telephone interventions, SMS reminders, electronic medicine box triggers, mobile APP applications, internet-based detection modes, applications of intelligent sphygmomanometer, and WeChat. The intervention durations ranged from 5 weeks to 2 years [40]. However, none of these studies evaluated the implementation of the Internet-based intervention in a long-term manner. This study was the first attempt to evaluate the long-term impact of pharmaceutical care using the Markov cohort.
Data was collected from a questionnaire of 96 patients conducted by two pharmacists with each pharmacist's management time being limited. The results suggest that there might be an inverse relationship between the number of patients and IPC costs at this stage of the study. To further study, additional patients could be enrolled. However, we were also concerned that the quality of the intervention might decline as the number of patients increases. Therefore, the optimal ratio between pharmacists and patients needs further study.
The one-year blood pressure control rate was 71.88%, which was higher than the expected target (70.00%), suggesting that the IPC method was effective. The compliance of hypertensive patients improved after one-year intervention, and the QALYs increased by 5.40 years. A meta-analysis of 2877 patients who received the intervention for 6.38 ± 3.11 months showed a compliance rate of 75.69 ± 14.07% in patients who received the intervention offline and online (78.23 ± 17.71%) [41]. Interestingly, there was no correlation between patient compliance and the number of interventions or duration of the intervention in the meta-analysis. Further studies are needed to determine whether increasing the duration beyond one year could improve the control rate and increase QALYs.

Limitations
The names, dose, and dosage regimens of the antihypertensive medications administered to the patients in the intervention were considered important confounders (variables) that could affect the study's outcome [42]. As the patients enrolled had been those who was hospitalized to adjust the type and dosage of their medications, the study used only blood pressure values and questionnaire scores as statistics and did not clearly aggregate patients' medication history, type of medication, or medication dosage. Further, a cross-sectional study could be conducted using a multi-stage stratified sampling method to analyze health characteristics (gender, age group, disease duration, and obesity) [42].


Conclusion
The IPC method can significantly improve the blood pressure control rate of patients. In the Markov cohort, the effect of IPC could be objectively assessed by changes in blood pressure control rates. Patients had a strong willingness to pay for IPC. Method innovation: 1) questionnaire analysis method relying on PCA and OPLS-DA is an effective method to evaluate the effect of IPC method; 2) the Markov cohort evaluated the effect of pharmaceutical care.

Acknowledgements
We wish to thank the colleagues from Fuwai Yunnan Cardiovascular Hospital for their support. We also wish to thank the professors and schoolmates from Kunming Medical University.

Authors’ contributions
Xinmei Li: Data analysis and evaluation was performed. Wenxiu Xu and Xiaofeng Mo: Implementation of the PCI. Fan Wu, Minghong Qu, and Junxian Ye: Data collection. Wenxing Wu and Haizhi Li: Delivery of materials. Te Li: Quality control. All authors reviewed the manuscript.

Funding
This research was funded by Yunnan Clinical Medical Center of Fuwai Yunnan Cardiovascular Hospital (No.2020YFKT-13), Scientific Research Fund of Yunnan Provincial Education Department (No.2021J0292), Kunming Medical University Alliance Special Project (No.202101AC070477), Yunnan Provincial Cardiovascular Disease Clinical Medical Center Project (No.FZX2019-06–01), Yunnan Provincial Clinical Research Center for Cardiovascular Diseases (New Technology Research and Development Project for Diagnosis and Treatment of Major Cardiovascular Diseases) (No.202102AA310002), and Provincial Innovation Team Project of Heart Failure Diagnosis and Treatment in Fuwai Yunnan Cardiovascular Hospital (No.202005AE160020).

Availability of data and materials
The original contributions presented in the study are included in the article/supplementary material; further inquiries can be directed to the corresponding author.

Declarations
Ethics approval and consent to participate
The study protocol was approved by the Ethics Committee of Fuwai Yunnan Cardiovascular Hospital, Kunming, China (IRB2020-BG-006).

Competing interests
The authors declare no competing interests.


References
	1.
Thomopoulos C, Parati G, Zanchetti A. Effects of blood pressure-lowering treatment on cardiovascular outcomes and mortality: 14 - effects of different classes of antihypertensive drugs in older and younger patients: overview and meta-analysis. J Hypertens. 2018;36(8):1637–47. https://​doi.​org/​10.​1097/​HJH.​0000000000001777​. (PMID: 29847487).CrossrefPubMed

	2.
Brunström M, Carlberg B. Association of Blood Pressure Lowering With Mortality and Cardiovascular Disease Across Blood Pressure Levels: A Systematic Review and Meta-analysis. JAMA Intern Med. 2018;178(1):28–36. https://​doi.​org/​10.​1001/​jamainternmed.​2017.​6015.​PMID:​29131895;PMCID:​PMC5833509.CrossrefPubMed

	3.
Wang Z, Chen Z, Zhang L, Wang X, Hao G, Zhang Z, Shao L, Tian Y, Dong Y, Zheng C, Wang J, Zhu M, Weintraub WS, Gao R. China Hypertension Survey Investigators. Status of Hypertension in China: Results From the China Hypertension Survey, 2012–2015. Circulation. 2018;137(22):2344–56. https://​doi.​org/​10.​1161/​CIRCULATIONAHA.​117.​032380. Epub 2018 Feb 15. PMID: 29449338.CrossrefPubMed

	4.
Sun Z, Hao Y, Liu J, Yang N, Qi Y, Hu D, Yang Y, Wang H, Zhao D, Sang C, Liu J. Prevalence, awareness, treatment, and control rates of hypertension in patients hospitalized with atrial fibrillation in China: Findings from the CCC-AF project. Front Cardiovasc Med. 2022;1(9):970787 PMID: 35979022; PMCID: PMC9376459.Crossref

	5.
Liu J, Lu X, Chen L, Huo Y. Chinese expert consensus on the management of hypertension in young and middle-aged people. Chin J Hypertens. 2020;28(04):316–24. https://​doi.​org/​10.​16439/​j.​cnki.​1673-7245.​2020.​04.​006.Crossref

	6.
Huang B. Application of "Internet +" based mobile health in health management of hypertension patients in a community. Xinjiang Medical University, 2018. https://​kns.​cnki.​net/​KCMS/​detail/​detail.​aspx?​dbname=​CMFD201802&​filename=​1018212801.​nh.

	7.
Tang M Y. Correlation between illness perception and treatment compliance in young and middle-aged patients with essential hypertension. Guangxi University of Traditional Chinese Medicine, 2020 https://​doi.​org/​10.​27879/​d.​cnki.​ggxzy.​2020.​000013. https://​kns.​cnki.​net/​KCMS/​detail/​detail.​aspx?​dbname=​CMFD202101&​filename=​1020083291.​nh.

	8.
Huo Y. Paying attention to the management of young and middle-aged patients with hypertension in China. Chin J Hypertens. 2016;24(04):320–3. https://​doi.​org/​10.​16439/​j.​cnki.​1673-7245.​2016.​04.​009.Crossref

	9.
Cai W, Zhu J, Hu D. Clinical features and risk factors for ischemic colitis in young and middle-aged patients. Acta Gastroenterol Belg. 2022;85(2):283–90. https://​doi.​org/​10.​51821/​85.​2.​9527. PMID: 35709772.CrossrefPubMed

	10.
Kuma A, Kato A. Lifestyle-Related Risk Factors for the Incidence and Progression of Chronic Kidney Disease in the Healthy Young and Middle-Aged Population. Nutrients. 2022;14(18):3787. https://​doi.​org/​10.​3390/​nu14183787.​PMID:​36145162;PMCID:​PMC9506421.CrossrefPubMedPubMedCentral

	11.
Wang WH. Differences in Cardiac Etiologies for Ischemic Stroke in Young and Middle-Aged Patients: A Single-Center Experience in Taiwan. J Clin Med. 2022;11(8):2120. https://​doi.​org/​10.​3390/​jcm11082120.​PMID:​35456213;PMCID:​PMC9031771.CrossrefPubMedPubMedCentral

	12.
Li Y, Liu G, Liu C, Wang X, Chu Y, Li X, Yang W, Shen Y, Wu F, Zhang W. Effects of Pharmacist Intervention on Community Control of Hypertension: A Randomized Controlled Trial in Zunyi. China Glob Health Sci Pract. 2021;9(4):890–904. https://​doi.​org/​10.​9745/​GHSP-D-20-00505.​PMID:​34933984;PMCID:​PMC8691874.CrossrefPubMed

	13.
Martínez-Mardones F, Fernandez-Llimos F, Benrimoj SI, Ahumada-Canale A, Plaza-Plaza JC, S Tonin F, Garcia-Cardenas V. Systematic Review and Meta-Analysis of Medication Reviews Conducted by Pharmacists on Cardiovascular Diseases Risk Factors in Ambulatory Care. J Am Heart Assoc. 2019 Nov 19;8(22):e013627. https://​doi.​org/​10.​1161/​JAHA.​119.​013627. Epub 2019 Nov 12. PMID: 31711390; PMCID: PMC6915276.

	14.
Mostafa LS, Sabri NA, El-Anwar AM, Shaheen SM. Evaluation of pharmacist-led educational interventions to reduce medication errors in emergency hospitals: a new insight into patient care. J Public Health. 2019;42(1):169–74. https://​doi.​org/​10.​1093/​pubmed/​fdy216.Crossref

	15.
Sarinopoulos I, Hesson AM, Gordon C, Lee SA, Wang L, Dwamena F, Smith RC. Patient-centered interviewing is associated with decreased responses to painful stimuli: an initial fMRI study. Patient Educ Couns. 2013;90(2):220–5. https://​doi.​org/​10.​1016/​j.​pec.​2012.​10.​021. (Epub 2012 Nov 22 PMID: 23177399).CrossrefPubMed

	16.
Narita K, Hoshide S, Tsoi K, Siddique S, Shin J, Chia YC, Tay JC, Teo BW, Turana Y, Chen CH, Sogunuru GP, Wang TD, Wang JG, Kario K. Disaster hypertension and cardiovascular events in disaster and COVID-19 pandemic. J Clin Hypertens (Greenwich). 2021;23(3):575–83. https://​doi.​org/​10.​1111/​jch.​14192. Epub 2021 Feb 1. PMID: 33527663; PMCID: PMC8014319.CrossrefPubMed

	17.
Li X, Li T. Inadequate Dosage May Lead to the Recurrence of Postoperative Pulmonary Hypertension in Patients With Congenital Heart Disease. Front Pharmacol. 2021;12:660405 PMID: 33995082; PMCID: PMC8117148.CrossrefPubMedPubMedCentral

	18.
Li X, Li T. Combined Methods (Formal Adjusted Indirect Comparison, Meta-Analysis and Principal Component Analysis) Comparisons of the Safety and Efficacy of Ambrisentan, Bosentan, and Sildenafil in the Patients With Pulmonary Arterial Hypertension. Front Pharmacol. 2020;3(11):400. https://​doi.​org/​10.​3389/​fphar.​2020.​00400.​PMID:​32308623;PMCID:​PMC7145892.Crossref

	19.
McManus E, Sach TH, Levell NJ. An introduction to the methods of decision-analytic modelling used in economic evaluations for Dermatologists. J Eur Acad Dermatol Venereol. 2019;33(10):1829–36. https://​doi.​org/​10.​1111/​jdv.​15713. (Epub 2019 Jun 27 PMID: 31127965).CrossrefPubMed

	20.
Rudmik L, Drummond M. Health economic evaluation: important principles and methodology. Laryngoscope. 2013;123(6):1341–7. https://​doi.​org/​10.​1002/​lary.​23943. (Epub 2013 Mar 11 PMID: 23483522).CrossrefPubMed

	21.
The National Essential Public Health Service Program Office for Management of Hypertension in Primary Health Care, National Center for Cardiovascular Diseases;National Committee on Hypertension Management in Primary Health Care. National guidelines for the prevention and management of hypertension in primary care (2020 edition). Chinese Journal of Medical Frontier (electronic edition),2021,13(04):26–37.  https://​doi.​org/​10.​12037/​YXQY.​2021.​04-06

	22.
Tang H Y. Development of Hypertension treatment compliance scale and attitude and belief Scale and establishment of Chongqing norm. The Third Military Medical University,2011. https://​kns.​cnki.​net/​KCMS/​detail/​detail.​aspx?​dbname=​CDFD1214&​filename=​1012317196.​nh

	23.
Pierce TP, Elmallah RD, Cherian JJ, Jauregui JJ, Mont MA. Standardized Questionnaire Time Burden for Practitioners and Patients. Surg Technol Int. 2015;26:302–6 (PMID: 26055024).PubMed

	24.
Gupta N, Christiansen CS, Hanisch C, Bay H, Burr H, Holtermann A. Is questionnaire-based sitting time inaccurate and can it be improved? A cross-sectional investigation using accelerometer-based sitting time. BMJ Open. 2017;7(1):e013251 PMID: 28093433; PMCID: PMC5253534.CrossrefPubMedPubMedCentral

	25.
Zhang M, Wu J, Zhang X, Hu C, Zhao Z, LI C, Huang Z, Zhou M, Wang L. Prevalence and control of hypertension among Chinese adults in 2018. Chin J Epidemiol. 2021;42(10):1780–9. https://​doi.​org/​10.​3760/​cma.​j.​cn112338-20210508-00379.Crossref

	26.
Ma L, Wang Z, Fan J, Hu S. Current status of prevalence and prevention of hypertension in China from China Cardiovascular Health and Disease Report 2021. Gen Pract China. 2022;25(30):3715–20. https://​doi.​org/​10.​12114/​j.​issn.​1007-9572.​2022.​0502.Crossref

	27.
Xu TL, Zhou CG, Liu JM, Wang LJ, Dong WL. Mortality burden attributable to hypertension in China, 1990 and 2019. Chronic disease prevention and control in China. 2022;30(05):327–31+335. https://​doi.​org/​10.​16386/​j.​cjpccd.​issn.​1004-6194.​2022.​05.​002.Crossref

	28.
Summary of China Cardiovascular Health and disease Report 2021. Prevention and Treatment of cardiovascular and cerebrovascular diseases,2022,22(04):20–36+40. https://​doi.​org/​10.​3969/​j.​issn.​1009-816x.​2022.​04.​002.

	29.
http://​stats.​yn.​gov.​cn/​

	30.
Li F, Jörg F, Li X, Feenstra T. A Promising Approach to Optimizing Sequential Treatment Decisions for Depression: Markov Decision Process. Pharmacoeconomics. 2022 Sep 14.  https://​doi.​org/​10.​1007/​s40273-022-01185-z. Epub ahead of print. PMID: 36100825.

	31.
Wen J, Jin X, Al Sayah F, Johnson JA, Paulden M, Ohinmaa A. Economic Evaluation of Sucrose Octasulfate Dressing for Treatment of Diabetic Foot Ulcers in Patients with Type 2 Diabetes. Can J Diabetes. 2022;46(2):126–33. https://​doi.​org/​10.​1016/​j.​jcjd.​2021.​07.​001. (Epub 2021 Jul 9 PMID: 35148951).CrossrefPubMed

	32.
Kawabe H, Azegami T, Takeda A, Kanda T, Saito I, Saruta T, Hirose H. Features of and preventive measures against hypertension in the young. Hypertens Res. 2019;42(7):935–48. https://​doi.​org/​10.​1038/​s41440-019-0229-. Epub 2019 Mar 20. PMID: 30894695; PMCID: PMC8075862.CrossrefPubMedPubMedCentral

	33.
Faletra A, Bellin G, Dunning J, Fernández-de-Las-Peñas C, Pellicciari L, Brindisino F, Galeno E, Rossettini G, Maselli F, Severin R, Mourad F. Assessing cardiovascular parameters and risk factors in physical therapy practice: findings from a cross-sectional national survey and implication for clinical practice. BMC Musculoskelet Disord. 2022;23(1):749. https://​doi.​org/​10.​1186/​s12891-022-05696-w.​PMID:​35927658;PMCID:​PMC9351255.CrossrefPubMedPubMedCentral

	34.
Zhang W, Zhang S, Deng Y, Wu S, Ren J, Sun G, Yang J, Jiang Y, Xu X, Wang TD, Chen Y, Li Y, Yao L, Li D, Wang L, Shen X, Yin X, Liu W, Zhou X, Zhu B, Guo Z, Liu H, Chen X, Feng Y, Tian G, Gao X, Kario K, Cai J. STEP Study Group. Trial of Intensive Blood-Pressure Control in Older Patients with Hypertension. N Engl J Med. 2021;385(14):1268–79. https://​doi.​org/​10.​1056/​NEJMoa2111437. Epub 2021 Aug 30. PMID: 34491661.CrossrefPubMed

	35.
Standfield LB, Comans TA, Scuffham PA. An empirical comparison of the Markov cohort modeling and discrete event simulation in a capacity-constrained health care setting. Eur J Health Econ. 2017;18(1):33–47. https://​doi.​org/​10.​1007/​s10198-015-0756-z. (Epub 2015 Dec 29 PMID: 26715578).CrossrefPubMed

	36.
Li X, Zhang Y, Wang M, Lv X, Su D, Li Z, Ding D, Xia M, Qiu J, Hu G, Ling W. The prevalence and awareness of cardiometabolic risk factors in Southern Chinese population with coronary artery disease. ScientificWorldJournal. 2013;2013:416192 PMID: 24222736; PMCID: PMC3810187.CrossrefPubMedPubMedCentral

	37.
Peng W, Pan L, Chen W. Correlation between ehealth literacy and medication adherence in young and middle-aged patients with hypertension. Chronic Dis Prev control China. 2020;28(08):600–3. https://​doi.​org/​10.​16386/​j.​cjpccd.​issn.​1004-6194.​2020.​08.​011.Crossref

	38.
You Z W. Effect of wechat intervention based on BCW+BCTs on treatment compliance of young and middle-aged patients with hypertension. University of South China,2021. https://​kns.​cnki.​net/​kcms/​detail/​detail.​aspx?​dbcode=​CMFD&​dbname=​CMFD202201&​filename=​1021149281.​nh&​uniplatform=​NZKPT&​v=​MffDRhcRUgGJFHYE​clULHPWKUOhos_​5Mf0x8-UZDkmLGW4yqNAzga​3EDIDahh7e5.

	39.
World Health Organization. Global observatory for e-Health series-Volume 3. (2011–06–07) [2020–11–20]. http://​www.​who.​int/​goe/​publications/​ehealth_​series_​vol3/​en/​.

	40.
Ding X, Jiao N, Dou D. Effect of mobile health intervention on medication compliance in patients with hypertension: a Meta-analysis. Nurs manage China. 2021;21(08):1212–8. https://​doi.​org/​10.​3969/​j.​issn.​1672-1756.​2021.​08.​019.Crossref

	41.
Li Y, Que J, Song L, Zong M. Effect of health education on medication compliance of patients with hypertension in China: a Bayesian Meta-analysis. Chin J Evid Based Med. 2014;14(02):211–5. https://​doi.​org/​10.​7507/​1672-2531.​20140037.Crossref

	42.
Alowayesh MS, Aljunid SM, Al-Adsani A, Alessa T, Alattar A, Alroudhan D. Utilization and cost of drugs for diabetes and its comorbidities and complications in Kuwait. PLoS One. 2022;17(6):e0268495 PMID: 35653361; PMCID: PMC9162372.CrossrefPubMedPubMedCentral



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/12955_2023_2168_Fig3_HTML.png
Blood pressure(mmHg)

Score

150
140~
130
120
110
100

*%

o
o o
A

~
o

T T 1
3 6 9

Time(month)

150 I_I

o

100 *kk k%

50

0369 0369 023629
Time(month)

-o- SBP
-2 DBP

=3 Compliance
=3 Habit
Bl Total





OEBPS/navigation.xhtml

    
      Contents


      
        		Evaluation of Internet-based pharmaceutical care effect on young and middle-aged patients with hypertension by the principal component analysis and the Markov cohort during COVID-19 pandemic


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/12955_2023_2168_Fig4_HTML.png
1.24671 * to[1]

10

®
@ | The fourth questionnaires

-15 T T T T T T T —
-15 -10 -5 0 5 10
1.00432 * t[1]
//// T
QlsA
Ql4 A
i \\
\
[ 2 U aqs }\‘
[ §°] QA /
‘ QoA :
Q17 A
QA ‘
A o \
« ] ﬂ
3 SBP Questionnaires
.
< A
31 A {
= ] DBP
' -0.8 (;.6 0‘4 -0'.2 [} O'Z o





OEBPS/images/12955_2023_2168_Fig1_HTML.png
Internet-based pharmaceutical care Questionnaire collection

Recruitment of patients into group

Joined a contact group on WeChat APP The first questionnaire
(the basic data)
, ) The three questionnaires
(D Health education N — (intervening effect)
(2 Electronic materials
(22 times)

Evaluation of intervention effect:
(Dprincipal component analysis,
(@orthogonal partial least-
@ Online sessions J; discriminant analysis

(® Healthy propaganda
(twice a month)

(two times) | ®the Markov cohort






OEBPS/images/12955_2023_2168_Fig2_HTML.png
// N\

U~
/well controlled\
\blood pressure /
7\ .
/g/,ﬁ\/ o
qgorly controlle} {/ / death

\blood pressure/ N\





OEBPS/css/sidebar.gif





OEBPS/images/12955_2023_2168_Tab1_HTML.png
Patient information

Name : Gender : Age :
Systolic blood pressure : mmHg, Diastolic blood pressure : mmHg
Q Item
1 Took antihypertensive drugs based on friend recommendations or advertisements (-)
2 | Took antihypertensive drugs based on prescription
3 Took the dosage based on prescription
4 Took the number of times prescribed by your doctor
5 Took the time interval prescribed by your doctor
6 | Forgot to take your blood pressure medication (-)
7 | Reminders from family or friends were needed to take antihypertensive drugs (-)
8 Forgot to take antihypertensive drugs when traveling or leaving home (-)
9 | Increase or decrease the dosage according to the blood pressure value by yourself (-)
10 | Increase or decrease the dosage according to the symptom by yourself (-)
11 | Self-withdrawal of antihypertensive drugs when you feel well (-)
12 | Self-withdrawal of antihypertensive drugs after blood pressure control (-)
13 | Self-withdrawal of antihypertensive drugs when feeling worse (-)
14 | Less salt or less salty food
15 | Less oil or fat meat in your diet
16 | More fresh vegetables and fruits in your diet
17 | Exercise 3~5 times a week for more than 30 minutes each time
18 | No smoking or smoking less
19 | No drinking or drinking less
20 | Control weight
21 | Participated in social activities
22 | Looked on the bright side when you are unhappy
23 | Used various methods to reduce mental stress
24 | Enough sleep
25 | Monitored blood pressure regularly

Note :(-) is the reverse scoring question
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