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Abstract 

Abnormal peripheral and coronary endothelial function has been associated with increased 

risk of major adverse cardiovascular events (MACE) in cross-sectional retrospective and 

observational studies. However, prognostic value of routine clinical evaluation, diagnosis and 

treatment of endothelial dysfunction on incident MACE in patients with non-obstructive 

coronary artery disease (NOCAD) remains unknown. Endothelial Function Guided 

Management in Patients with NOCAD (ENDOFIND) is a multicenter, randomized, 

patients-blinded, parallel-controlled, two-stage clinical trial evaluating the impact of routine 

clinical peripheral endothelial function testing on initiation and/or intensification of 

cardiovascular preventive therapies in Stage I, and on the risk of MACE in Stage Ⅱ in 

patients with NOCAD. One thousand participants with NOCAD on clinically indicated 

coronary computed tomography or invasive angiography will be enrolled and randomized 1:1, 

after baseline peripheral endothelial function evaluation, to either endothelial function guided 

treatment group or standard of care control group. In Stage I, patients will be followed for 12 

months and primary outcome will be the proportion of patients receiving prescriptions for 

cardiovascular evidence-based lipid, blood pressure and glucose lowering medications at the 

clinic visit immediately after endothelial function evaluation. Secondary outcomes are 

change in endothelial function measured as reactive hyperemia index and patients’ adherence 

to evidence-based medications in 12 months. Study will be extended into Stage II where 

sample size and follow up duration will be reevaluated to ensure statistical power, and 

primary outcome will be incident MACE. ENDOFIND is proof-of-concept clinical trial of a 

disruptive endothelial function guided clinical intervention with potential benefits to 

NOCAD patients.  
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Condensed Abstract 

ENDOFIND is a proof-of-concept clinical trial of a disruptive endothelial function guided 

clinical intervention with potential benefits to patients with no obstructive coronary artery 

disease (NOCAD). It is a multicenter, randomized, patients-blinded, parallel controlled 

two-stage clinical trial to evaluate the impact of routine clinical peripheral endothelial 

function testing on initiation and/or intensification of cardiovascular disease preventive 

therapies in Stage I, and on the risk of MACE in Stage Ⅱ.  
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Background 

Non-obstructive coronary artery disease (NOCAD), is used to describe patients with 

microvascular angina with no obstructive coronary artery disease (<50% stenosis) on 

coronary angiography
1
. Up to half of patients with signs and/or symptoms of stable ischemic 

heart disease have NOCAD
1-5

. Importantly, 10%-20% of the patients with NOCAD, who are 

a relatively young patient population,  develop major adverse cardiovascular events (MACE) 

in five years 
6
 and 10%-17% of them would die in ten years

7
.  Secondary prevention is 

helpful to improve the prognosis of NOCAD 
8
. However, patients with NOCAD are 

significantly less likely to receive secondary prevention treatments compared to patients with 

obstructive coronary artery disease 
9
. One-year lipid lowering medications use was 8-9% in 

patients with NOCAD and 34-39% in those with obstructive coronary artery disease, and 

one-year antihypertension medications use was 13- 16% and 30- 40%, respectively
6
. Whether 

initiation and/or intensification of secondary prevention by treating physicians is triggered by 

a diagnosis of endothelial dysfunction in patients NOCAD remains unknown.   

Recent evidence demonstrated that two-thirds of patients with NOCAD had 

demonstrable coronary microvascular and endothelial dysfunction
1
. In patients with NOCAD, 

patients with endothelial dysfunction display increased risk of aggregate cardiovascular 

events 
1,10

. Thus, endothelial function testing may be valuable for identification of NOCAD 

patients at higher risk of MACE 
1,11-14

. Currently, many mature, regulatory approved  and 

reliable measurement methods of peripheral endothelial function exist, one of which is Endo 

PAT 2000 (Endo PAT 2000, Itamar Medical) 
15

. Compared with endothelial function test on 

coronary artery directly, endothelial function test by Endo PAT 2000 on peripheral vascular is 

less expensive, convenient, requires less expertise to perform and non-invasive, and thus had 

been used by more clinics and hospitals. Reactive hyperemia index (RHI) is calculated as a 

ratio of pulse wave amplitude after cuff release compared with that at the baseline by Endo 

PAT 2000. A main advantage of the RHI is that the contralateral arm serves as its internal 

control and this index is a validated marker for endothelial function
16-18

. In theory, an 

endothelial-function personalized guided change in doctors’ cardiovascular preventive 

medications prescription can potentially improve the management of high-risk patients with 

NOCAD and reduce MACE. However, whether these early aggressive interventions, 
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compared to standard of care, result in MACE reduction in patients with NOCAD has never 

been studied before.  

Overall Objective 

The Endothelial Function Guided Management in Patients with Non-obstructive 

Coronary Artery Disease (ENDOFIND) trial is designed to answer two important unmet 

clinical questions; 1) Does addition of routine clinical endothelial function testing to standard 

of care, result in initiation and/or intensification of preventive  lipid, blood pressure and 

glucose lowering medications by treating physicians?; and 2) Does an endothelial 

function-guided management of patients with NOCAD result in long term MACE reduction?  

Hypotheses 

Our hypothesis is that routine clinical adjunctive testing of peripheral endothelial 

function will result in initiation and/or intensification of secondary preventive medications by 

treating physicians, and that these early aggressive endothelial function-guided 

pharmacologic interventions will result in reduction of MACE in NOCAD patients. 

 

Methods 

Study design 

ENDOFIND is a multicenter, randomized, patients-blinded, parallel controlled 

two-stage clinical trial. Stage I aims to evaluate the effects of introducing routine clinical 

endothelial function testing on the change in addressing risk factor modification by the 

prescription of secondary prevention medications among patients with NOCAD. If the results 

of Stage I are positive, the sample size and observation time will be further expanded in 

Stage II to evaluate the effect and the cost-effectiveness of the endothelial function-guided 

management strategy in reducing long term MACE in this patient population.  

Patient population, Inclusion and Exclusion Criteria  
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Patients with NOCAD from inpatient or outpatient departments in 22 participating 

hospitals across China will be recruited by their site-specific responsible physicians. 

Inclusion criteria include: Inclusion criteria include: 18 years of age or older, able to sign 

informed consent, have chest pain or chest tightness, and <50% coronary artery stenosis on 

computed tomography angiography（CTA）or coronary angiography (CAG).  Exclusion 

criteria include: Current participation in other interventional clinical trials in the past 6 

months, left ventricular ejection fraction<50%, previous myocardial infarction or 

percutaneous coronary intervention (PCI) or coronary artery bypass graft (CABG), known 

cerebral disease (including stroke, transient ischemic attack, prior cervical or cerebral artery 

revascularization surgery or percutaneous intervention),   diagnosed with hyperthyroidism 

(TSH< 0.1 mU/L) or hypothyroidism(TSH> 10 mU/L, liver disease (hepatic jaundice, 

cirrhosis or liver failure), chronic kidney disease (eGFR<60 mL/min per 1.73 m2), diagnosed 

with serious infectious diseases, autoimmune diseases, malignant tumor; psychiatric or 

cognitive impairment that affects the collection of accurate information, or factors based on 

which the responsible physician deem the patient to be unsuitable for inclusion in this 

research such as non-local residents or life expectancy less than one year. 

Baseline Demographics, Physical Examinations and Data Collection  

Mobile phone application with electronic case report form will be developed, validated 

and used for data collection. Data collected at the baseline will include patients’ 

demographics including date of birth, gender, education, occupation, and health insurance, 

lifestyles including tobacco smoking, alcohol drinking, diet pattern (food frequency), and 

time on sedentary life, medical history of hypertension, diabetes mellitus and hyperlipidemia, 

and current use of medications. Hypertension is defined as SBP≥140 mmHg or 

DBP≥90mmHg or current use of anti-hypertension medications. Diabetes mellitus is defined 

as either glycosylated hemoglobin (HbA1c) ≥6.5% or fasting plasma glucose (FPG) ≥126 

mg/ dL (7.0 mmol/L) or 2-h plasma glucose ≥200 mg/dL (11.1 mmol/L) during an oral 

glucose tolerance test; or currently taking blood glucose lowering medications or insulin. 

Hyperlipidemia includes the following: total cholesterol (TC) >200 mg/dL/(5.18 mmol/L); or 

low density lipoprotein cholesterol (LDL-C) ≥ 130 mg/dL (3.37 mmol/L); or high density 

lipoprotein cholesterol (HDL-C) <40 mg/dL (1.04 mmol/L) in men and <50 mg/dL (1.30 
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mmol/L) in women; or lipoprotein a >50 mg/dL (125 nmol/L), or persistent elevations of 

triglycerides (TG) ≥ 175 mg/dL (≥ 1.97 mmol/L); or currently receiving antilipidemic 

medications.  The current medications use refers to statins, aspirin/clopidogrel, angiotensin 

converting enzyme inhibitors/angiotensin receptor blocker, β-receptor blocker, calcium 

channel blockers, insulin, hypoglycemic medicine, and nitrates. Baseline physical 

examinations will include measurements of blood pressure, heart rate, height, and weight. 

Baseline laboratory parameters to be collected include TC, LDL-C, TG, HDL-C, FPG, 

alanine aminotransferase (ALT), aspartate aminotransferase (AST), blood uric acid (BUA) 

and creatinine. Finally, baseline clinically indicated electrocardiograms, CTAs and/or CAGs 

will be reviewed and documented.   

Following above routine clinical investigations, the responsible physician will 

determine eligibility of patients for participating in the study. Eligible patients willing to 

participate in the study will sign a written informed consent and will be referred for the 

non-invasive endothelial function testing prior to any medications changes.  Non-invasive 

peripheral endothelial function will be assessed by reactive hyperemia index (RHI) using 

Endo PAT 2000 Machine (Itamar Medical Ltd, Caesarea, Israel) 
15

. Endothelial function test 

will be administrated by an independent trained staff in a separate room (lab). The results will 

be entered immediately into the data management system.  Patients will be kept blinded to 

the results and sent back to the referring physician for considerations of further prescription 

of medical treatments according to the RHI results that will be automatically fed back to the 

physician through the mobile phone application. 

Randomization 

Randomization will be done centrally and automatically by the computerized system 

which is built in the data management system. After the patient receives the endothelial 

function test, the Endo PAT report for patients who are allocated to the intervention group  

will be sent directly to the responsible physician via the mobile application. For patients who 

are allocated to the control group, no Endo PAT report will be received by the responsible 

physician. We will use permuted-block randomization, stratified by hospital, with a random 

size of blocks of 4, 6, and 8. Patients will be randomized in a 1:1 ratio into intervention group 
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and control group. Figure 1 depicts the study design. 

Interventions 

Prior to study’s initiation, all participating physicians will receive a standard training on 

the management of patients with NOCAD and the interpretation of EndoPAT endothelial 

function test results, which is developed by the study steering committee and illustrated in 

Figures 2 and 3. Briefly, when reactive hyperemia index is <1.67 the following measures are 

recommended.  

1) Start or reinforce lifestyle management including smoking cessation, physical exercise, 

dietary changes and sleep disorder treatment; 

2) If the patient is not taking a statin, start a low dose statin. Otherwise increase the dose of 

the statin from low to moderate or moderate to high intensity;   

4) Optimize blood pressure management (SBP <140 mmHg and DBP<90 mmHg) including 

use of an angiotensin converting enzyme inhibitor or angiotensin receptor blocker; 

5) If the subject still has symptoms after 1 to 3 months, start calcium channel blocker; 

6) Any other acceptable interventions that the physician considers to be suitable for 

potentially improving endothelial dysfunction including l-arginine, long-acting nitrates 

and/or enhanced external counterpulsation (EECP). 

7) Regular glucose lowering treatment plus low-intensity statin will be used for patients with 

diabetes mellitus and aged 29-39 years; Regular glucose lowering treatment plus 

moderate-intensity statin will be used for patients with diabetes mellitus and aged 40-75 

years but without other CVD risk factors; Regular glucose lowering treatment plus 

high-intensity statin will be used for patients with diabetes mellitus plus other CVD risk 

factors and aged 40-75 years. 

The above recommendations were developed based on the current evidences on the 

management of patients with NOCAD
13,19-30

, with the purpose to assist the participating 
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physicians to improve their management of patients with NOCAD with impaired endothelial 

function test results. 

Intervention group: The Endo PAT test results will be sent to the responsible physician 

automatically by the computer system, after the randomization is made. Accordingly, the 

responsible physician will initiate and/or intensify preventive medical treatments.  

Control group: The responsible physician will prescribe guidelines based standard of 

care medical treatments to patients without any adjunctive endothelial function test results 

sent from the data management system.  

In both group, information on new or modified medical prescriptions and risk factors 

modifications should be entered in to the mobile application by the responsible physician. 

Blinding 

In both intervention and control groups, responsible physicians are not share with the 

patients the results of the endothelial function test nor if he/she have received the results 

report. Patients will be kept blinded to the randomization grouping and results of Endo PAT 

testing.  

Follow-up 

Patients will be followed up at 3, 6, and 12 months in stageⅠand annually in stage Ⅱ. Data 

on current usage and prescription of medical treatments will be collected. Endothelial 

function will be re-tested at 12 months. Quality of life will be measured using EQ-5D at 12 

months, and annually afterwards. Body weight, height, blood pressure, heart rate, fasting 

blood lipid, and glucose will be followed up at 12 and 36 months. 

MACEs will be followed up at each visit, including all-cause mortality, cardiovascular 

death and non-fatal adverse cardiovascular events (defined as myocardial infarction, stroke or 

cardiovascular revascularization including PCI or CABG). An adjudication committee will 

review all events and confirm final diagnoses.  
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Cardiovascular events are defined, and will be evaluated, according to the 2014 

ACC/AHA Key Data Elements and Definitions for Cardiovascular Endpoint Events in 

Clinical Trials report 
31

. Cardiovascular death includes sudden death, fatal myocardial 

infarction, fatal stroke, death from heart failure or cardiogenic shock, and death from other 

cardiovascular causes (e.g. pulmonary embolism, aortic dissection, pericardial tamponade or 

cardiovascular operation-related reasons). Stroke includes both hemorrhagic and ischemic 

stroke but not TIA. Myocardial infarction is defined according to Third Universal Definition 

of Myocardial Infarction and based on 99
th

 percentile values for biomarkers detection 

thresholds supported by aforementioned report. 

Outcomes 

The primary outcome for Stage I will be the proportion of patients whose medication 

treatment are intensified in comparison with the treatment before the intervention. The 

intensification include any addition in class or dosage in physician’s prescription of statins, 

anti-hypertension medication, and glucose lowering medications or insulin except among 

patients with contraindications.  

Secondary outcomes include the following: (1) The improvement in endothelial function 

(RHI) from the baseline to 12 months follow-up.  (2) Improvement in cardiovascular risk 

factors (LDL-C) from the baseline to 12 months; (3) Percentage of patients using medication 

for lowering lipid, blood pressure, and glucose at 3, 6 and 12 months except among patients 

with contraindications; (4) Percentage of patients with healthy lifestyle (defined as 

non-smoking, time of sedentary activity decreasing at least 30 minutes or more , and a body 

mass index of < 25 kg/m2) at 3, 6 and 12 months;  

The primary outcome for Stage II will be the incidence of MACE.  

Sample size estimation 

Stage 1 will recruit 1,000 participants, which will allow us to detect a moderate effect 

size of 10% in the primary outcome, with a statistical power of 89% and type one error at 5%. 

We assumed the proportion of patients with appropriately prescriptions in control group is 50% 
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according to the previous reports
32

. 

The sample size for Stage II will be reevaluated according to the results of Stage I. 

Statistical analysis methods 

Our primary analysis will follow the intention-to-treat principle. Patient characteristics 

will be described by treatment allocation. For dichotomous outcomes, logistic regression 

model will be used to estimate the overall intervention effect, adjusting for hospital clustering 

effect and possible imbalanced variables at baseline. We will also test if the intervention 

effect is modified by age, gender, cardiovascular risk factors and number of medications. For 

continuous outcomes, a mixed linear model with random slopes and random intercepts will 

be used. Random effects for hospitals will be incorporated. The treatment effect will be 

represented by an interaction between time and treatment group. Patient- and system-level 

factors that are thought of as clinically significant will be further adjusted for secondary 

analysis. Correlations between endothelial function and sleep disorders will be analyzed by 

multiple linear regression to adjust for age, gender and other confounding factors. 

For MACE incidence during follow-up, we will use multivariate Cox regression models 

to test the difference between intervention groups, adjusting for hospital clustering effect and 

possible imbalanced variables at the baseline.  We will also test if the intervention effect is 

modified by age, gender, cardiovascular risk factors and number of medications. In addition, 

the Kaplan-Meier curves will be plotted by treatment allocation, and log-rank test will be 

employed. 

Ethical considerations 

The intervention in this study included non-invasive tests and prescription of existing, 

commonly used, and evidence-based medications for prevention of cardiovascular disease. 

The risk for the participants should not be more than that in routine clinical practices and thus 

considered minimum. The data collected in the study will be entered and stored in a central 

computerized system with user name assigned centrally and passwords protected. Only 

de-identified data will be used for data analysis.  
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The study was approved by the Peking University Institutional Review Board 

(IRB00001052-19057), and a written informed consent will be obtained from all participants. 

The trial is registered on clinical trial.gov (NCT04013204).  

Study management and quality control 

The study was designed and will be managed under the leadership of the study steering 

committee, which reviewed and approved the research protocol, case record forms, and 

research reports. An independent clinical endpoint committee was established to objectively 

and independently review MACE. An independent central laboratory was set up in Beijing to 

measure endothelial function for the study evaluation. Before the study was initiated, all 

research personnel completed a half day research project training on the study protocol, the 

use of the mobile application, endothelial function test results interpretation as well as the 

recommended interventions.  

We have taken several measures to mask the assessors from participants' group 

assignment. First, all baseline assessments will be performed prior to randomization. Second, 

the assessors of endothelial function will be an independent staff from the responsible 

physicians and will have no access to the randomization allocation.  

Peking University Clinical Research Institute is responsible for the data management and 

project management of this trial. A web-based electronic data capture system was developed 

to assist data collection, randomization and participants allocation, data query and validation, 

follow up and remote data monitoring. Besides, site visits to each study center by a 

professional project management team will be done to monitor the protocol violations, data 

authenticity and research subject’s protection. 

Study Status  

The first participant was enrolled on 23 July 2019. Intervention and follow-ups are 

planned to be completed before the end of December 2022. 

Discussion 
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To our knowledge, ENDOFIND is first randomized controlled trial worldwide to 

evaluate the effects of introducing non-invasive endothelial function testing into routine 

clinical practice on the prescription of evidence-based secondary prevention medications and 

the long-term risk of MACE among patients with NOCAD. The study supports and advances 

the concept of the need for disease base personalized medicine for the reduction of 

cardiovascular diseases.  

The study has the following strengths. First, the central randomization is used to 

maximally reduce arbitrary recruitment allocation of study patients, and hence ensure the 

comparability between the study groups. Second, study subjects are blinded to the endothelial 

function test results. This will reduce the possibility of patients’ self-treatments, including 

life style changes in the event of an abnormal endothelial function test, which may ultimately 

influence clinical outcomes. Third, endothelial function test results for patients in the control 

group will be not accessible to the responsible physicians. This will ensure that his/her 

medications prescriptions and management of control patients will not be influenced by 

his/her knowledge of endothelial function. Fourth, the specially designed web-based 

multi-function data management system helps ensure the implementation of central 

randomization, concealment of the allocation, blinding of patients towards endothelial 

function test results. Using this system, the endothelial function test results will be 

automatically fed back to the responsible physicians at the same clinic visit, reducing the 

time burden on both the patients and the physicians and greatly enhancing the efficiency and 

adherence to the study protocol. Fifth, a professional clinical research management team will 

assist the implementation of the study protocol. Sixth, an independent adjudication 

committee will be established for the diagnosis of MACEs. Finally, the two-stage study 

design allows for minimization of study resources to gain enough knowledge of the 

intervention before the resource-consuming large-scale randomized trial on long term clinical 

outcomes is initiated. 

The study also has some limitations. First, due to the nature of the intervention, we are 

not able to blind the responsible physicians with respect to patient allocation. Theoretically, 

we cannot rule out the possibility that responsible physicians may change their prescriptions 

and intervention based just on patient allocation but not the test results. However, we believe 
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that this possibility should be very small. Second, there is not a clinical guideline at present 

on how to manage and risk stratify patients with NOCAD based on endothelial function test 

results. The recommendations made in our study are based on the current knowledge and 

literature regarding interventions that are effective in improving endothelial function as well 

as reducing the risk of adverse cardiovascular events. The intervention is multifaceted and 

has multifaceted effects. The best outcome to reflect all the multifaceted effects should be 

MACE, which requires a large sample size and longer follow up period. Our two-stage study 

design increases the feasibility of this trial and offers an adaptive design for stage 2 based on 

stage 1 results.  

In summary, this study will address an unmet clinical need by providing high quality 

data on the value of introducing non-invasive endothelial function testing into routine clinical 

practice. In addition, the results of this trial will help us better understand the mechanism of 

the prognosis of patients with NOCAD and whether an endothelial function-based 

personalized management strategy can reduce MACE in this challenging patient population.  
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Table 1. Time-line schedule of study 
 

Screening 
Recruitment, randomization & 

intervention 

Follow ups 

Stage I  

V1 V2 V3 V4 V5 

Day -14–

0 
Day 01 

3rd 

month 

± 30 

day 

6th month± 

30 day 

12th month± 

30 day 

Informed consent & patients’ 

recruitment 
 X    

Demographic data2  X    

Lifestyle (smoking, exercise, 

diet, etc.) 
 X X X X 

History of disease and 

medication use3 
X  X X X 

Blood pressure, weight & height X    X 

ECG, CTA & CAG5 X     

Bio chemistry6 X    X 

Endo PAT   X   X 

Randomization  X    

Intervention  X    

Follow on cardiovascular 

events8 
  X X X 

Quality of life9 (patients fill this 

in themselves) 
 X   X 

*Notes:  

1) Physical examination: blood pressure, heart rate, height, and body weight; 

2) Blood biochemistry: TC, TG, HDL-C, LDL-C, FPG and HbA1c; 

3) Cardiovascular and cerebrovascular events: all-cause mortality, cardiovascular death, 

nonfatal myocardial infarction, ischemia-driven revascularization, nonfatal stroke, and 

stent thrombosis.  
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4) Quality of life: using EQ-5D. 
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Figure 1 Title: Study design in Stage I  

Figure 1 Legend: NOCAD: no obstructive coronary artery disease; CVD: Cardiovascular 

disease; MACE: major adverse cardiovascular events  

 

Figure 2 Title: Statins Intensity 

Figure 2 Legend: LDL-C, low density lipoprotein cholesterol  

 

Figure 3 Title: Recommended clinical management based on peripheral endothelial function 

testing 

Figure 3 Legend: RHI, reactive hyperemic index; ASCVD, atherosclerosis cardiovascular 

disease; LDL-C, low density lipoprotein cholesterol; Risk factors include: overweight (BMI 

≥ 30kg / m2) or obesity (BMI ≥ 25kg / m2); type 2 diabetes; hyperlipidemia; hypertension; 

smoking; early family history of ASCVD (male < 55 years old; female < 65-year-old). 
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Highlights 
 ENDOFIND is a proof-of-concept clinical trial of a disruptive peripheral endothelial 

function guided clinical intervention with potential benefits to patients with no 

obstructive coronary artery disease (NOCAD). 

 ENDOFIND is a multicenter, randomized, patients-blinded, parallel controlled 

two-stage clinical trial. 

 It evaluates the impact of routine clinical peripheral endothelial function testing on 

initiation and/or intensification of cardiovascular disease preventive therapies in 

Stage I, and on the risk of MACE in Stage Ⅱ 
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