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Objective: Exploring the independent risk factors of second-degree atrioventricular block (II AVB) in patients with atrial fibrillation 
(AF), and to evaluate the clinical value of 24-hour dynamic electrocardiogram (DCG) in its diagnosis.
Methods: A prospective cohort study was conducted on 947 patients with AF diagnosed and treated in our hospital from January 1, 
2021 to December 31, 2021. These patients were divided into combined group (98 cases) and uncombined group (849 cases) according 
to whether they were accompanied by. The clinicopathological data of the patients were collected, and Multivariate logistic regression 
analysis was used to analyze the independent risk factors. Patients in combined group were further evenly divided into the study group 
(underwent 24-hour DCG) and the control group (underwent routine ECG) based on the detection methods. The diagnostic value was 
valued and the positive detection rate was calculated by ROC curve.
Results: The smoking history, left atrial internal diameter (LAD), R-R interval and ventricular rate of patients in two groups had 
significant differences (P<0.001). Smoking history (HR=1.531, 95% CI 1.150–2.038, P<0.001), LAD>35.88 mm (HR=1.941, 95% CI 
1.301–2.895, P<0.001), R-R interval>2.50 s (HR=2.282, 95% CI 1.231–4.229, P=0.014) were independent risk factors for AF 
combined with II AVB, while ventricular rate≤70 beats/min (HR=0.506, 95% CI 0.293–0.873, P=0.014) were independent protective 
factors for AF combined with II AVB. The mean ventricular rate (70.03±5.40 beats/min vs 83.11±8.05 beats/min, P<0.001) and 
R-R interval (2.82±0.26s vs 2.37±0.14s, P<0.001) in the study group were longer than the control group. The diagnostic positive rate 
of DCG (97.96% vs 85.71%, χ²=4.900, P=0.027) was higher than that of conventional ECG.
Conclusion: Smoking history, LAD, R-R interval and ventricular rate were influential factors for AF combined with II AVB. 24-h 
DCG had potential diagnostic value in the occurrence of AF combined with II AVB.
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Introduction
Atrial fibrillation (AF) refers to arrhythmia caused by abnormal electrical activity in the upper chamber of the heart, which 
significantly reduces the efficiency of the heart in delivering blood to the ventricles, thereby increasing the risk of thrombosis and 
subsequent cerebral infarction.1 According to relevant statistics, the incidence rate of AF among people over 20 years old 
worldwide is about 3%.2 Patients with AF may experience palpitations, dizziness, shortness of breath, and fatigue. However, AF 
may be asymptomatic and may only be detected during medical appointments in other situations. Due to the intermittent nature of 
symptoms, many cases of paroxysmal AF have not yet been diagnosed. Atrioventricular block (AVB) refers to an abnormality in 
the conduction system of the heart at the atrioventricular node, which limits the pulsation of the lower ventricle of the heart. AVB 
is mainly caused by abnormal electrical conduction between the ventricles and atria, usually occurring during atrial fibrillation 
attacks.3 Second-degree AVB (II AVB) is one of the common complications in AF patients, with the electrocardiogram (ECG) 
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commonly shows an R-R interval of ≥ 1.5 s and a high ventricular heart rate. Some II AVB patients also have no obvious clinical 
symptoms, mainly palpitations, dizziness, fatigue, fatigue, and cardiac arrest, which are difficult to attract individual attention.4 

However, in clinical practice, II AVB not only affects the patient’s heart function and reduces their quality of life, but may also 
leads to complications such as thromboembolism, tachycardia, and cardiomyopathy, endangering the patient’s life.5 Therefore, 
early diagnosis of AF combined with II AVB plays an important role in reducing the incidence rate of cerebral infarction and 
other diseases and improving the life quality of patients.

Electrocardiogram (ECG) is one of the most important biological characteristics of the human body, which can capture the 
electrical activity of the heart, thereby facilitating healthcare professionals in evaluating, diagnosing, and monitoring the 
patient’s heart condition.6 ECG include dynamic ECG (DCG) and static ECG (SCG), which has different diagnostic efficacy.7 

At present, ECG is still the main diagnostic method. However, due to the short recording time of conventional ECG (only 
10 seconds), the detection rate of paroxysmal and asymptomatic arrhythmia is low.8 Recent studies have shown9 that 24-hour 
DCG can capture transient or intermittent arrhythmias that are difficult to be detected by conventional ECG, and its diagnostic 
sensitivity is higher than that of conventional ECG. However, the diagnostic efficacy of DCG in AF with II AVB is still 
controversial, especially in the differentiation of first-degree AVB (I AVB) and II AVB needs further verification.

In this study, AF patients admitted in our hospital were included as the subjects to analyze the influencing factors of AF 
combined with II AVB. Patients with AF combined with II AVB were randomized as two groups, which received routine ECG 
or 24-hour DCG monitoring respectively, aiming to explore the diagnostic value of DCG in AF combined with II AVB.

Materials and Methods
General Materials
This study has been ratified by the hospital Ethics Committee and complied with Medical Ethics, and was complies with the 
Declaration of Helsinki. A total of 947 AF patients admitted in our hospital during January 1, 2021 to December 31, 2021 were 
picked as the subjects based on a randomized, double-blind method. These patients were graded as a combined group (98 cases) 
and an uncombined group (849 cases) according to whether they were accompanied by II AVB. The inclusion process of the 
subjects was shown in Figure 1. Patients in combined group were further evenly divided into the study group and the control 
group based on the detection methods. Inclusion criteria: (1) All subjects met the diagnostic and therapeutic criteria for AF10 and 
underwent 24-hour DCG monitoring (Unified detection methods were used to identify the disease and ensure the homogeneity 
and accuracy of the study); (2) The patient’s mental state was normal and they could actively cooperate with treatment; (3) 
Patients and their families had informed consent to participate in this study (The principle of medical ethics was followed to 
protect the right of patients to know and choose independently); (4) The clinical pathological data was complete and the mental 
symptoms were good. Exclusion criteria: (1) Patients with I or II AVB; (2) Patients accompanied with infectious diseases such as 
AIDS and hepatitis B (Such infectious diseases may affect heart function and metabolism, and then interfere with the progression 
and diagnosis of AF and AVB); (3) Patients accompanied by a history of pulmonary heart disease or severe pneumonia (These 
factors may interact with atrial fibrillation combined with II AVB, increasing the complexity of the study results, and it is difficult 
to accurately determine the relationship between the study factors and the outcome); (4) Patients who withdrew from the study 
midway due to personal or family reasons; (5) Patients with liver and kidney dysfunction (Liver and kidney dysfunction can 
affect drug metabolism and the stability of the body’s internal environment, which may affect the condition of AF and AVB).

Methods
The control group: The control group underwent routine ECG monitoring (Optoelectronic 12 lead automatic analysis 
ECG machine ECG-2340). Patients should maintain a resting state, relax both physically and mentally, and lie flat. The 
electrode patches and wires should be connected to the recorder and placed in the corresponding positions to ensure that 
the patient’s electrocardiogram waveform image was clear.

The study group: The research group underwent 24-hour DCG monitoring (Hangzhou Baihui Medical Equipment 
Co., Ltd. CT-083S). The electrodes were attached to the corresponding positions on the patient’s chest and fixed. After 
connected with the recorder, the ECG waveform of the patient in different states within 24 hours was recorded.
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Collection of Clinical Pathological Data
The clinical and pathological characteristics of AF patients were collected, including the gender (female, male), age, smoking 
history (yes, no), drinking history (yes, no), hypertension history (yes, no), coronary heart disease history (yes, no), left atrial 
diameter (LAD), left ventricular end diameter (systolic, diastolic), R-R interval, and ventricular rate.

Outcome Measures
1. The clinical data of patients were collected for Univariate analysis. The factors with statistical differences in Univariate 

analysis for selected for further logistic multivariate analysis to explore the influencing factors of AF combined with II AVB.
2. The effect of DCG on ventricular rate and R-R interval in patients with AF combined with II AVB was analyzed.
3. The diagnostic value of DCG for AF combined with II AVB was analyzed, and the positive detection rate was calculated.

Statistical Analysis
The SPSS 23.0 data statistical software was used for data analysis. The measurement data such as the patient’s age, LAD, 
left ventricular end diameter, R-R interval, and ventricular rate were all tested for normal distribution, and all were in 
accordance with normal distribution. The measurement data were shown in the form of ð‘x� sÞ. The measurement data 
between two groups were compared using t-test, and reported the effect size (Cohen’s d). Gender, smoking history, 
alcohol consumption history, hypertension history, coronary heart disease history, and other enumeration data were 
expressed in [cases (%)], compared using χ2 inspection, and reported the effect size (Cohen’s d). Logistic multivariate 
analysis was applied to explore the influencing factors of AF combined with II AVB. The difference was statistically 
significant with P<0.05. In addition, considering the sample size and study design, the study power was evaluated by 
calculating the confidence intervals of Odds Ratio (OR) and Hazard Ratio (HR) to ensure that the study was powered to 
detect the actual effect.

Figure 1 Inclusion process of study subjects.
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Results
Univariate Analysis of AF Combined with II AVB
The combined group and uncombined group had no obvious difference in gender, age, history of alcohol consumption, history 
of hypertension, history of coronary heart disease and left ventricular end diameter (P>0.05). The smoking history, LAD, 
R-R interval and ventricular rate of patients in two groups had significant differences (P<0.001). The history of alcohol 
consumption, LAD, R-R interval, and ventricular rate were influencing factors for AF combined with II AVB (Table 1).

Multivariate Analysis of AF Combined with II AVB
AF patients with II AVB or not were selected as the dependent variable. The statistically significant indicators in Table 1 
were also chosen as the dependent variable and analyzed by multivariate logistic analysis. The assignment was shown in 
Table 2. The result confirmed that smoking history, LAD, R-R interval were independent risk factors (P<0.05) and 
ventricular rate was protective factor of AF combined with II AVB (P<0.05, Table 3).

Table 1 Univariate Analysis of AF Combined with II AVB [ð‘x� sÞ, Cases (%)]

Groups The Combined  
Group (n=98)

The Uncombined  
Group (n=849)

χ2/t P Effect Size 95% CI

Gender (%) 0.008 0.928 0.01 0.00–0.02
Female 27 (27.55) 230 (27.09)

Male 71 (72.45) 619 (72.91)

Age (year) 63.53±16.69 62.85±14.16 0.441 0.659 0.05 0.01–0.08
Smoking history (%) 13.189 <0.001 0.18 /

Yes 47 (47.96) 254 (29.92)

No 51 (52.04) 595 (70.08)
Drinking history (%) 0.049 0.824 0.01

Yes 31 (31.63) 278 (32.74)

No 67 (68.37) 571 (67.26)
Hypertension history (%) 0.160 0.689 0.02

Yes 64 (65.31) 537 (63.25)
No 34 (34.69) 312 (36.75)

Coronary heart disease history (%) 0.237 0.627 0.02

Yes 45 (45.92) 368 (43.35)
No 53 (54.08) 481 (56.65)

LAD (mm) 40.51±6.70 34.36±3.51 14.566 <0.001 1.10 0.39–1.43

Left ventricular end diameter (mm)
Shrink 31.77±9.19 32.10±6.08 0.478 0.633 0.04 0.01–0.06

Relaxation 48.91±12.05 49.28±13.91 0.253 0.801 0.03 0.00–0.05

R-R interval (s) 3.18±0.46 2.24±0.20 36.708 <0.001 2.47 2.20–3.34
Ventricular rate (times/min) 62.07±9.25 75.84±9.03 14.257 <0.001 1.53 0.60–4.14

Abbreviations: AF, atrial fibrillation; II AVB, second-degree atrioventricular block; LAD, left atrial diameter; P, P value; CI, confidence intervals.

Table 2 The Assignment of Each Variable

Variable The Assignment

X1 Smoking history 0=no, 1=yes

X2 LAD 0=≤35.88 mm, 1≤35.88 mm

X3 R-R interval 0=≤2.50s, 1≤2.50s
X4 Ventricular rate 0≤70 times/min, 1=≤70 times/min

Y II AVB 0=uncombined, 1=combined

Abbreviations: II AVB, second-degree atrioventricular block; LAD, left atrial 
diameter.
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DCG Detection of Ventricular Rate and R-R Interval in Patients with AF Combined 
with II AVB
Compared with the control group, patients in the study group had much lower ventricular rate and longer R-R interval 
(P<0.001, Figure 2, Table 4).

The Diagnostic Value of DCG for AF Combined with II AVB
The positive detection rate of AF combined with II AVB was 97.96% in the study group, which was much higher than 
85.71% in the control group (P<0.05, Table 5).

Discussion
AF is an irregular rhythm caused by the disorder of atrial electrical activity and is also the most common persistent arrhythmia 
in clinical practice. The incidence rate of AF has increased rapidly worldwide, accounting for about one-third of all 
inpatients.11 The pathogenesis of AF is relatively complex, and increasing evidence suggests12,13 that the occurrence of AF 
is related to sudden cardiac death, cerebral infarction, and congestive heart failure. In addition, it ultimately increases the risk 
of thromboembolic events, cardiac and overall mortality.14 AVB is an abnormal conduction along the atrioventricular node or 
Hipper system, and different etiologies may lead to different outcomes.15 According to the degree of expansion and 
electrocardiogram characteristics, AVB can be divided into I AVB, II AVB, or third-degree AVB (III AVB). Compared to first- 
degree and third-degree AVB, the diagnosis of AF combined with II AVB is more difficult. It usually does not show any 
symptoms and may be atypical or asymptomatic. Especially in the elderly, AF detection still remains challenging.16 Because 

Table 3 Multivariate Analysis of AF Combined with II AVB

Indicators B value Wald value Standard Error P value Hazard Ratio 95% CI

Lower Limit Upper Limit

Smoking history 0.426 0.146 8.514 <0.001 1.531 1.150 2.038

LAD 0.663 0.204 10.563 <0.001 1.941 1.301 2.895
R-R interval 0.825 0.315 6.859 0.014 2.282 1.231 4.229

Ventricular rate −0.681 0.278 6.001 0.027 0.506 0.293 0.873

Abbreviations: AF, atrial fibrillation; LAD, left atrial diameter; CI, confidence intervals.

Figure 2 Different methods for detecting ventricular rate and R-R interval in patients with AF combined with II AVB. (A) DCG detection results; (B) ECG detection results. 
Note: ***P<0.001 compared between two groups. 
Abbreviations: AF, atrial fibrillation; II AVB, second-degree atrioventricular block.
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elderly patients usually have other complications, such as hypertension, congestive heart failure, diabetes, and previous stroke 
or transient ischemic attack, which further increases the risk of stroke. Even without comorbidities, the average annual risk of 
stroke in patients over 70 years old is about 3.5%. Besides, the risk may vary due to comorbidities, and the overall risk of 
stroke or systemic embolism gradually increases over time.17,18 Therefore, finding relevant methods for early and timely 
diagnosis of diseases is of great significance for effective treatment.

In this study, the clinical data of AF patients with or without concomitant II AVB was analyzed to explore related 
influencing factors. The results showed that smoking history, LAD, R-R interval, and ventricular rate were all influencing 
factors of AF combined with II AVB. Upon investigation, smoking remains the main risk factor for cardiovascular disease. 
Nicotine in tobacco may stimulate the release of catecholamines, block instantaneous outward K+, increase unstable atrial 
currents, and thus affect cardiac repolarization and membrane transport processes, as well as heart rate variability. The atrium 
serves as a reservoir, catheter, and active emptying function during the cardiac cycle. A study has found19,20 that LAD can 
independently predict hospitalization and mortality rates in patients with pulmonary hypertension. The enlargement of the 
LAD can significantly impair atrial compliance and reduce atrial pumping function, especially during exercise pressure. The 
R-R interval exceeding 1.5 seconds and the appearance of escape rhythm are important features of atrial fibrillation. In 
addition, studies have found21,22 that AF patients have a higher ventricular rate compared to normal sinus rhythm, which can 
lead to a decrease in hemodynamic signals related to heart rate. In this study, potential confounding factors such as 
hypertension and coronary heart disease were controlled by multivariate Logistic regression to ensure the independence of 
risk factors. Although no formal power analysis was performed, HR values with 95% confidence intervals were used to 
quantify the magnitude of the effect of risk factors, enhancing the interpretability of the results. Future studies can combine 
propensity score matching (PSM) to further reduce selection bias.

With the continuous development of medical technology, the progress of imaging technology has shifted from only 
displaying the pathological anatomical structure of patient lesions to integrating functions. ECG is a commonly used 
method for detecting heart diseases in clinical practice, and has important practical value in the diagnosis, evaluation, 

Table 5 The Diagnostic Value of DCG for AF Combined with II AVB [Cases (%)]

Groups Cases Positive Negative Positive Detection  
Rate

The study group 49 48 (97.96) 1 (2.04) 48 (97.96)

The control group 49 42 (85.71) 7 (14.29) 42 (85.71)

χ2 4.900
P 0.027

Effect size 0.30

95% CI 0.15–0.74

Abbreviations: AF, atrial fibrillation; II AVB, second-degree atrioventricular block; DCG, dynamic 
electrocardiogram; CI, confidence intervals.

Table 4 DCG Detection of Ventricular Rate and R-R Interval in 
Patients with AF Combined with II AVB ð‘x� sÞ

Groups Cases Ventricular Rate  
(Times/Min)

R-R Interval (s)

The study group 49 70.03±5.40 2.82±0.26

The control group 49 83.11±8.05 2.37±0.14
t 9.446 10.667

P <0.001 <0.001

Effect size 1.83 2.27
95% CI 1.33–2.41 1.74–2.90

Abbreviations: AF, atrial fibrillation; II AVB, second-degree atrioventricular block; 
DCG, dynamic electrocardiogram; CI, confidence intervals.
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and prognosis monitoring of various diseases. Some professional association guidelines suggest screening for AF 
through long-term ECG monitoring. However, due to limited recording time, the detection rate of traditional 12 lead 
conventional ECG is relatively low.23 DCG is a method which can continuously record and analyze changes in the 
ECG of the human heart during both active and quiet states for a long time. By recording all abnormal waves, 
accurate evidence can be provided for the diagnosis of various heart diseases, which has been widely recognized.24 In 
addition, this study found that 24-hour DCG could more effectively detect the R-R interval and ventricular rate in 
patients with AF combined with II AVB, and had higher diagnostic value than conventional ECG. In previous 
studies,25,26 it has been pointed out that long interval time, average ventricular rate, and the proportion of escape 
rhythm to total heart rate are the main indicators for clinical diagnosis of AF combined with II AVB. When there is 
a significant difference between the occurrence time of long intervals and the average ventricular rate, it is natural to 
determine the degree of conduction block in patients.27 In addition, clinical practice can enrich the pathological 
information of patients based on the data collected from DCG, and draw scatter plots based on this information for 
clinical diagnosis. Previous studies have shown that the scatter plot distribution of patients with II AVB is relatively 
uniform, with a wide bar shape, clear upper boundary, indistinct lower boundary, and similar bandwidth. The scatter 
plot width of patients with I AVB is narrow, with unclear upper and lower boundaries, dense scattering distribution, 
and no features.28,29 In this case, the difficulty of identification is relatively small, which can help medical staff 
quickly determine the patient’s condition and develop a reasonable treatment plan. Of course, in practice, some 
patients do not have typical clinical symptoms and specific DCG, which is related to the patient’s cooperation in 
examination, disease course, and condition. The study has shown30 that DCG is superior to conventional ECG in the 
diagnosis of persistent AF with II AVB. However, emerging wearable devices (such as Apple Watch Series8) can 
achieve real-time AF screening through single-lead monitoring, and their diagnostic accuracy is 91%.31 But, the 
specificity of wearable devices in the diagnosis of AVB is low (about 75%), and artifacts are prone to occur especially 
during movement or electrode shedding.32 Therefore, DCG is still the gold standard for the diagnosis of complex 
arrhythmias, and wearable devices are more suitable for large-scale population screening. A meta-analysis of 12 
studies showed33 that elevated vWF levels were significantly associated with thromboembolism risk in patients with 
AF (OR=1.45, 95% CI 1.12–1.89), and the mechanism may be related to VWF-mediated platelet aggregation and 
endothelial dysfunction. Although no biomarkers were tested in this study, in the future, a multi-dimensional risk 
assessment model can be constructed by combining DCG monitoring with vWF and other biomarkers to further 
optimize patient management strategies.

The clinical value of this study is reflected in two aspects: First, early identification of AF with II AVB by DCG can 
significantly improve the prognosis of patients. Long R-R interval (>2.5 seconds) and low ventricular rate (≤70 beats/min) are 
important indications for pacemaker implantation. The high detection rate of Holter monitoring can reduce the risk of syncope, 
heart failure and even sudden death caused by missed diagnosis. Second, DCG monitoring can guide the optimization of 
anticoagulation strategies. Studies have shown that the risk of thrombosis in patients with AF combined with AVB is closely 
related to ventricular rate. The continuous heart rate data provided by DCG can help doctors balance anticoagulation intensity 
and bleeding risk. In addition, the results of this study support the 2020 ESC guideline recommendations for prolonged ECG 
monitoring, providing an evidence-based medical basis for clinical practice.

In general, smoking history, LAD, R-R interval and ventricular rate were influential factors for AF combined with II 
AVB. 24-h DCG had potential diagnostic value in the occurrence of AF combined with II AVB.

Limitations
Although the sample size of 947 patients met the criteria for similar studies, only 98 patients were in the combined group, 
which may affect the identification of rare risk factors. Considering the disease progression and diagnostic reliability of 
AF combined with II AVB, a follow-up of 2 years was planned (the start time of follow-up was the time of enrollment) to 
further observe the development and changes of the disease. Only the data collected at enrollment and during the study 
period (from January 2021 to December 2021) were analyzed in this study.
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The subjects were all from a single center, and patients with severe liver and kidney dysfunction and infectious 
diseases were excluded, which may lead to a bias of the results to the low-risk population. In the future, multi-center data 
and a wider population (such as elderly and pregnant patients) are needed to verify the conclusions.

In addition, the subjects of this study were all from a single center and some special patients (patients with severe 
liver and kidney insufficiency and infectious diseases) were excluded, which may make the results of the study biased to 
the low-risk population and unable to represent the broader patient population, thus affecting the universality and 
extrapolation of the study conclusions. Because a formal power analysis was not performed, even the current sample 
size of 947 patients may have affected the assessment of diagnostic value.
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