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 Background: Atrial fibrillation (AF) is the most common arrhythmia and is associated with deleterious consequences. In ad-
dition to worsening a patient’s quality of life, AF is associated with stroke, heart failure, and increased mortal-
ity. Red blood cell distribution width (RDW) has been associated with an increased risk of death and adverse 
cardiovascular outcomes, while left atrial enlargement has been linked to atrial fibrillation (AF). However, the 
relationship among RDW, atrial diameter (AD), and paroxysmal AF is uncertain. The aim of this study was to 
investigate the relationship among RDW, atrial diameter, and paroxysmal AF.

 Material/Methods: A total of 22 patients with paroxysmal AF and 100 patients with non-AF were included in the study. The de-
mographic variables and baseline clinical characteristics of both groups were analyzed.

 Results: The demographics and comorbidities were comparable between the paroxysmal AF and control groups, ex-
cept for BMI (body mass index). RDW, high-sensitivity C-reactive protein (hs-CRP) levels, NT-pro-BNP levels, 
MPV/PLT (mean platelet volume/total platelet count), LAD, RAD, and CHA2DS2-VASc score were higher in the 
paroxysmal AF group versus the control group (P<0.05). Binary logistic regression analyses demonstrated that 
RDW (OR: 2.557, 95% CI: 1.481~4.414), Hs-CRP (OR: 1.445, 95% CI: 1.144~1.825), MPV/PLT (OR: 1.342, 95% CI: 
1.047~1.720), LAD (OR: 1.068, 95% CI: 1.007~1.132), and CHA2DS2-VASc score (OR: 1.645, 95% CI: 1.042~2.597) 
were independent predictors for paroxysmal AF (P<0.05, respectively). The ROC analysis showed that the area 
under the curve for LAD was 0.692, the area under the curve for RAD was 0.566, the area under the curve for 
RDW was 0.811, and the area under the curve for MPV/PLT was 0.671.

 Conclusions: LAD, RDW, and MPV/PLT were associated with paroxysmal AF.
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Background

Atrial fibrillation (AF) is a common clinical arrhythmia, and 
its prevalence increases with age, leading to cardiac dysfunc-
tion and stroke. It has been estimated that 6-12 million peo-
ple worldwide will have AF in the US by 2050 and 17.9 million 
people in Europe by 2060 [1]. Current epidemiological studies 
indicate that AF is more prevalent in White patients than in 
other racial and ethnic groups [2]. In the Multi-Ethnic Study of 
Atherosclerosis (MESA), after adjusting for age and sex, non-
Hispanic blacks, Hispanics, and Chinese Americans had 49%, 
46%, and 65% lower rates of AF, respectively, compared with 
non-Hispanic White patients. In China the age-adjusted prev-
alence rate of AF was 0.75% [3]. The prevalence of AF in males 
and females aged <60 years was 0.43% and 0.44%, respec-
tively, while the prevalence of AF in those aged >60 years was 
1.83% and 1.92%, respectively [4]. The main causes of death 
in patients are heart failure, cardiac arrest, and stroke [5].

In patients with diabetes, their risk of developing AF was in-
creased by 40%, probably due to autonomic nervous system 
abnormalities as an important mechanism for the development 
and maintenance of AF. Diabetic autonomic neuropathy (DAN) 
is a common complication of diabetes, with a prevalence of 
46% in patients who have had diabetes for less than 5 years 
and 70% in patients who have had diabetes for more than 20 
years. DAN had a significant negative impact on the cardiovas-
cular system, and a study by Rizzo et al found a significant as-
sociation between autonomic dysfunction and asymptomatic 
AF episodes in patients with type 2 diabetes [6]. Studies had 
shown that the occurrence and development of AF were close-
ly related to the size of the atrium [7]. Red blood cell distribu-
tion width (RDW), a parameter that reflects the heterogene-
ity of red blood cell volume and which is part of the standard 
complete blood count [8], was mainly used in the differential 
diagnosis of anemia [9]. However, previous studies had shown 
that RDW was closely related to the clinical outcomes of car-
diovascular events, such as heart failure [10], acute myocar-
dial infarction [11], and stable angina. Some studies demon-
strated that increasing levels of RDW were associated with 
chronic inflammation [12]. Inflammation was considered as 
a potential factor for AF recurrence after catheter ablation 
(CA), and was associated with post-CA fibrosis and remodel-
ing processes that alter atrial shape and function. This electro-
anatomical remodeling affects the generation, duration, and 
propagation of action potentials in the atria, making this tis-
sue more susceptible to factors that trigger arrhythmias [13]. 
Studies found that patients without AF recurrence after epicar-
dial ablation had increased sarcoplasmic endoplasmic reticu-
lum calcium ATPase (SERCA) levels, which is a protein involved 
in the handling of intracellular Ca2+. Reducing Ca2+ overload in 
atrial myocytes could reduce AF duration and atrial remodel-
ing [14]. Mean platelet volume/platelet count ratio (MPV/PLT) 

is an indicator of platelet activation and aggregation, as well 
as inflammation [15]. Metabolic syndrome (MS) was a clini-
cal condition that is associated with a pro-inflammatory and 
pro-thrombotic state. It was associated with a higher rate of 
recurrence of arrhythmias, higher rates of hospitalization for 
worsening heart failure, and a worse clinical prognosis [16-
18]. Few studies have focused on predicting the risk of parox-
ysmal AF. However, the diagnosis of paroxysmal AF relies on 
24-h Holter monitoring, so a simple and easy index is needed 
to predict it. The aim of this study was to investigate the re-
lationship among atrial diameter, RDW, MPV/PLT, and parox-
ysmal atrial fibrillation.

Material and Methods

Study Design and Populations

The study was approved by the Ethics Committee of the partic-
ipating institution (the Affiliated Hospital of Putian University, 
Putian University, Fujian, China).

This study was a retrospective study, and patient data were 
collected through the hospital digital information system. The 
data did not affect the patient’s personal privacy. Therefore, 
informed consent was not required for the study.

We retrospectively analyzed medical records of 22 consecutive 
non-valvular paroxysmal AF patients who were admitted to our 
inpatient clinic in the Department of Cardiovascular Medicine, 
The Affiliated Hospital of Putian University between January 
2020 and December 2020. The control group was recruited from 
hospitalized patients without atrial fibrillation. The exclusion 
criteria were as follows: recent acute infection or chronic in-
flammatory disease; malignant tumor; valvular heart disease; 
thyroid dysfunction; anemia; and acute myocardial infarction. 
These patients underwent a detailed history and physical ex-
amination, a 12-lead electrocardiogram (ECG), 24-h Holter elec-
trocardiogram, laboratory analysis, and transthoracic echocar-
diography. Electrocardiography was performed immediately 
when patients had palpitations. Patients with transient isch-
emic attack (TIA) or ischemic stroke underwent 72-h continu-
ous Holter monitoring. Paroxysmal AF was defined as AF that 
terminated spontaneously or by cardioversion within 7 days 
of onset. The ECG of atrial fibrillation showed the disappear-
ance of the P wave, replaced by the f wave, with a frequency 
of 350-600 beats/min. The QRS wave rhythm was absolute-
ly irregular, showing uneven RR intervals and a normal QRS 
wave pattern. The diagnosis of paroxysmal atrial fibrillation 
was in accordance with the diagnostic criteria developed by 
the 2018 Chinese Medical Association Electrophysiology and 
Pacing Section, “Atrial fibrillation: current understanding and 
treatment recommendations – 2018” [2].
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Data Collection

All data were retrieved from the digital information system 
of the hospital. Baseline demographic and clinical character-
istics, including age, sex, hypertension, diabetes mellitus, and 
heart failure were recorded for all patients.

Clinical Measurements

Blood samples were drawn by an expert nurse in vacuum blood 
tubes containing ethylene diamine tetra-acetic acid-treated. 
Complete blood count, parameters such as RDW, platelet count, 
and MPV, were measured by electrical impedance method us-
ing an automated hematology analyzer (CAL8000; Mindray 
Corporation, Shenzhen, China). The MPV/PLT was calculated 
by dividing the MPV by the PLT. Determination of N-terminal 
B-type natriuretic peptide precursor (NT-pro-BNP) levels was 
by dry immunofluorescence assay using an automated fluo-
rescence immunoassay analyzer (Getein1600; Geteinbiotech, 
Nanjing, China).

Echocardiography

All patients were examined using a Vivid 7 echocardiography 
device (General Electric, Boston, Massachusetts, USA). Two-
dimensional, M-mode, and subsequent transthoracic Doppler 
echocardiographic examinations were performed on each pa-
tient. The left atrial diameter (LAD), right atrial diameter (RAD), 
and left ventricular ejection fraction (LVEF) were measured.

Statistical Analysis

All statistical analyses were conducted using SPSS 19.0 for 
Windows (IBM, USA). Descriptive statistics are calculated as 
the mean±standard deviation of continuous variables, and the 
number and percentage of categorical variables. Continuous 
variables were compared using the independent samples t 
test, and categorical variables were compared using the chi-
square test. Binary logistic regression analysis was used to 

identify potential independent associations between parox-
ysmal AF and clinical parameters. Receiver operating charac-
teristic (ROC) curve analysis was used to determine the opti-
mum cut-off levels of RDW level to predict the occurrence of 
paroxysmal AF. The P values <0.05 denoted statistically signif-
icant differences (two-tailed test).

Results

Patient Characteristics

A total of 22 patients with paroxysmal AF (54.5% males; mean 
age: 73.59±12.82 years) and 100 controls (57% males; mean 
age: 71.62±7.79 years) were included in the study. The demo-
graphic and clinical characteristics of the patients are sum-
marized in Table 1. There were no significant differences be-
tween patients with paroxysmal AF and controls in terms of 
demographic characteristics, except BMI. Although there was 
no statistical difference between the diabetic patients in the 
paroxysmal AF group and the control group, the P value was 
0.636, which may be related to the fact that diabetic patients 
are more prone to AF. BMI was higher in the paroxysmal atri-
al fibrillation group than in the control group, which may be 
related to the increased risk of metabolic syndrome (Table 1).

Comparison	of	Clinical	and	Echocardiographic	Parameters	
Between the 2 Groups

There were significant differences in terms of RDW, MPV, PLT, 
high-sensitivity C-reactive protein (hs-CRP) levels, NT-pro-BNP 
levels, MPV/PLT, LAD, RAD, and CHA2DS2-VASc score. There was 
no significant differences in terms of LVEF (Table 2).

Predictors of Paroxysmal AF

Binary logistic regression analyses demonstrated that RDW 
(OR: 2.557, 95% CI: 1.481~4.414), Hs-CRP (OR: 1.445, 95% CI: 
1.144~1.825), MPV/PLT (OR: 1.342, 95% CI: 1.047~1.720), LAD 

Variables Paroxysmal atrial fibrillation (n=22) Control (n=100) p

Age years  73.59±12.82  71.62±7.79 0.348

BMI (kg/m2)  25.9±3.86  24.4±4.10 0.016

Male gender (%)  12 (54.5%)  57 (57%) 0.508

Hypertension (%)  14 (63.6%)  56 (56%) 0.636

Diabetes mellitus (%)  10 (45.5%)  24 (24%) 0.064

Heart failure (%)  5 (22.7%)  19 (19%) 0.768

Coronary artery disease (%)  13 (59.1%)  52 (52%) 0.640

Stroke  3 (13.6%)  8 (8.0%) 0.415

Table 1. Clinical and demographic properties of 2 groups.
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Variables Paroxysmal AF (n=22) Control (n=100) p

RDW (%) 13.67±2.01 12.45±0.89 0.001

MPV (fl) 10.51±0.83 10.08±0.94 0.040

PLT (109/L) 204.25±84.29 242.08±58.2 0.013

Hs-CRP (mg/L) 6.59±10.04 1.85±1.84 0.003

NT-pro-BNP (pg/ml) 1416.05±3251.04 397.90±855.06 0.007

MPV/PLT 0.078±0.10 0.044±0.01 0.002

LAD (mm) 43.50±12.05 36.18±7.38 0.001

RAD (mm) 36.23±8.75 33.25±3.98 0.015

LVEF (%) 61.91±6.10 63.90±5.35 0.126

CHA2DS2-VASc score 3.41±1.36 2.81±1.08 0.028

Table 2. Comparison of laboratory parameters and echocardiography parameters in paroxysmal AF and control groups.

Hs-CRP – high sensitivity C reactive protein; LAD – left atrial diameter; LVEF – left ventricular ejection fraction; MPV – mean platelet 
volume; MPV/PLT – mean platelet volume/total platelet count; NT-pro-BNP – N-terminal pro-B-type natriuretic peptide; RAD – right 
atrial diameter; RDW – red blood cell distribution width; PLT – platelet.

Variables b Wals p OR 95%	CI

RDW 0.939 11.354 0.001 2.557 1.481~4.414

MPV 0.059 0.300 0.843 1.061 0.590~1.909

PLT -0.010 3.703 0.054 0.990 0.980~1.000

Hs-CRP 0.368 9.552 0.002 1.445 1.144~1.825

 NT-pro-BNP 0.001 0.008 0.927 1.000 1.000~1.001

MPV/PLT 0.294 5.393 0.020 1.342 1.047~1.720

CHA2DS2-VASc 0.498 4.560 0.033 1.645 1.042~2.597

LAD 0.066 4.827 0.028 1.068 1.007~1.132

RAD 0.042 0.777 0.378 1.043 0.950~1.144

LVEF -0.023 0.248 0.619 0.977 0.892~1.070

Table 3. Binary logistic regression analysis to detect the independent predictors of paroxysmal atrial fibrillation.

Hs-CRP – high sensitivity C reactive protein; LAD – left atrial diameter; LVEF – left ventricular ejection fraction; MPV – mean platelet 
volume; MPV/PLT – mean platelet volume/total platelet count; NT-pro-BNP – N-terminal pro-B-type natriuretic peptide; RAD – right 
atrial diameter; RDW – red blood cell distribution width; PLT – platelet.

Table 4. Correlation of indicators.

Hs-CRP – high sensitivity C reactive protein; LAD – left atrial diameter; MPV/PLT – mean platelet volume/total platelet count; 
RDW – red blood cell distribution width.

Variables
LAD RDW Hs-CRP CHA2DS2-VASc MPV/PLT

r p r p r p r p r p

LAD 1 – 0.196 0.03 0.177 0.051 0.180 0.047 0.069 0.450

RDW 0.196 0.03 1 – 0.124 0.175 -0.037 0.686 0.637 0.001

Hs-CRP 0.177 0.051 0.124 0.175 1 – 0.305 0.001 0.062 0.497

CHA2DS2-VASc 0.180 0.047 -0.037 0.686 0.305 0.001 1 – -0.304 0.709

MPV/PLT 0.069 0.450 0.637 0.001 0.062 0.497 -0.304 0.709 1 –
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(OR: 1.068, 95% CI: 1.007~1.132), and CHA2DS2-VASc score 
(OR: 1.645, 95% CI: 1.042~2.597) were independent predic-
tors for paroxysmal AF (P<0.05, all) (Table 3).

In correlation analysis, the LAD level was correlated with RDW 
(r=0.196, P<0.05) and CHA2DS2-VASc (r=0.180, P<0.05). The 
RDW level was correlated with MPV/PLT (r=0.637, P<0.05). 
The Hs-CRP level was correlated with CHA2DS2-VASc (r=0.305, 
P<0.05). The CHA2DS2-VASc was correlated with LAD (r=0.180, 
P<0.05), Hs-CRP (r=0.305, P<0.05). The MPV/PLT was correlat-
ed with RDW (r=0.637, P<0.05) (Table 4).

ROC Curve

For the prediction of paroxysmal AF, ROC analysis showed that 
the area under the curve for LAD was 0.692 (95% CI: 0.563-
0.821, P<0.01). The best cut-off value of LAD was 38.5 mm (sen-
sitivity: 54.6%; specificity: 79%). The area under the curve for 
RAD was 0.566 (95% CI: 0.420-0.713, P>0.05). The best cut-
off value of RAD was 36.5 mm (sensitivity: 36.4%; specificity: 
87%). The area under the curve for RDW was 0.811(95% CI: 
0.725-0.898, P<0.01). The best cut-off value of RDW was 12.55% 
(sensitivity: 81.8%; specificity: 64%). The area under the curve 
for MPV/PLT was 0.671 (95% CI: 0.543-0.800, P<0.01). The best 
cut-off value of MPV/PLT was 0.408 (sensitivity: 77.3%; spec-
ificity: 52%) (Figure 1). The best cut-off value was usually de-
termined by the “Youden index”, which was the sum of sensi-
tivity and specificity minus 1, and the value of the index with 
the highest value was the best cut-off value.

Discussion

Our study evaluated the association between RDW, MPV/PLT, 
atrial diameter, and paroxysmal AF. The study showed higher 
RDW, MPV/PLT, and LAD in patients with paroxysmal AF than 
in non-AF patients. RDW, MPV/PLT, and LAD were independent-
ly associated with paroxysmal AF.

Atrial fibrillation, whether paroxysmal or sustained, can cause 
hemodynamic instability, thromboembolism, stroke, and even 
death. Various mechanisms, such as inflammation, oxidative 
stress, and hypercoagulable states, are involved in the develop-
ment of AF [19]. Compared with patients in sinus rhythm, atrial 
pathology in patients with AF showed infiltration of lymphomono-
cytes and necrosis of adjacent myocytes, higher levels of inflam-
matory markers (such as CRP) in patients with AF, and higher 
levels of CRP were associated with the presence of AF. In addi-
tion, baseline CRP could be used to predict the risk of develop-
ing atrial fibrillation. Thus, a persistent inflammatory state could 
promote atrial fibrillation [20]. Atrial pressure overload and atri-
al muscle dysfunction during AF lead to an increase in the levels 
of BNP [21]. In this study, the levels of hs-CRP and NT-pro-BNP in 

patients with combined paroxysmal AF were significantly higher 
than those measured in the control group, suggesting that hs-
CRP and NT-pro-BNP are associated with paroxysmal AF.

Complete blood count reflected the hemodynamic status and 
was a predictor of the patient’s clinical prognosis [22]. Numerous 
studies had shown that elevated RDW levels were associated 
with adverse cardiovascular events, but not with hemoglobin 
and hematocrit levels [23]. Our study found that RDW had some 
predictive value for the occurrence of paroxysmal AF (OR: 2.557, 
95% CI: 1.481~4.414). A possible mechanism for RDW-induced 
paroxysmal atrial fibrillation was that red blood cells play an 
important role in cardiovascular regulation and inflammation 
increases RDW levels by altering iron metabolism, inhibiting 
erythropoietin, and shortening the lifespan of red blood cells. 
Increased RDW may reflect underlying chronic inflammation [24].

Evidence had shown that MPV is closely related to cardiovas-
cular risk factors, such as diabetes, hypertension, and hyper-
cholesterolemia [25]. The studies had shown an inflammato-
ry and thrombotic predictive role of MPV/PLT in many other 
diseases, such as obesity, type 2 diabetes, and hepatosteato-
sis [26]. Our results also showed that MPV/PLT in the paroxys-
mal AF group was significantly higher than that in the control 
group, suggesting that this indicator can be used to predict 
the occurrence of paroxysmal AF.

The currently accepted primary mechanism of atrial fibrillation is 
abnormal electrical activity in the pulmonary veins. Atrial dilata-
tion can promote further development of atrial fibrillation [27]. 
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Figure 1.  Receiver operating curve characteristics of LAD, RAD, 
RDW, and MPV/PLT for predicting paroxysmal atrial 
fibrillation (SPSS 19.0 for Windows; IBM, USA).
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Some retrospective analyses have shown that the left atrium 
gradually increases after AF; as the size of the left atrium in-
creases, patients are more likely to transition from paroxys-
mal AF to permanent AF [28]. This study showed that the LAD 
was significantly larger in patients with AF versus the control 
group. The area under the ROC curve was 0.692, suggesting 
that LAD has a certain diagnostic value for AF.

Some limitations of this study should be acknowledged. Firstly, 
the study population was small. Secondly, the duration of AF 
was not analyzed; currently, it is unclear whether the duration 
of AF affects the levels of RDW. Third, autonomic function was 
not evaluated. Finally, although it has been confirmed that RDW 
levels can predict paroxysmal AF, it is unclear whether RDW 
is a true marker for paroxysmal AF or merely a disease-relat-
ed marker in the general population. Therefore, further large-
scale prospective studies are warranted to clarify the role of 
RDW and the right atrium in predicting AF.

Conclusions

In summary, LAD, RDW, and MPV/PLT were associated with 
paroxysmal AF. MPV/PLT is a newly recognized predictor of 
AF and can help physicians identify patients at high risk for 
AF and develop strategies to prevent adverse cardiovascular 
events in this context.
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