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Abstract
We had earlier reported about the increase in the prevalence of atrial fibrillation (AF) among residents in the evacuation zone of
Fukushima Prefecture after the Great East Japan Earthquake. In the present investigation, we explored the association between the
prevalence of AF and white blood cell (WBC) count after the earthquake through an observational cross-sectional study.
A total of 14,800 participants (6427 men and 8373 women) were included in the Fukushima Health Management Survey. For the

present study, 12-lead electrocardiogram tracings and the WBC count and its subtypes were obtained and analyzed. The odds
ratios (ORs) of AF after the earthquake and the 95% confidence intervals (CIs) for one standard deviation of differential WBC count
were calculated after adjustments for age and other potential confounding factors using the logistic regression model.
Our results revealed a prevalence of AF of 1.8% (269 participants) after the earthquake. Monocyte count and neutrophil/

lymphocyte ratio exhibited a significant association with the prevalence of AF in the multivariable-adjusted model. The adjusted ORs
of monocyte count and neutrophil/lymphocyte ratio for AF were 1.21 (95% CI, 1.05–1.40, P= .01) and 1.22 (95% CI, 1.01–1.44,
P< .05), respectively.
The prevalence of AF was associated with increased monocyte count and neutrophil/lymphocyte ratio among residents in the

evacuation zone in Fukushima Prefecture, suggesting that inflammation and psychological stress could be important factors
mediating the development of AF after the earthquake.

Abbreviations: 2K-EDTA = ethylenediaminetetraacetic acid di-potassium, AF = atrial fibrillation, BMI = body mass index, BP =
blood pressure, CHC = comprehensive health check, CIs = confidence intervals, ECG = electrocardiogram, FHMS = Fukushima
Health Management Survey, ORs = odds ratios, WBC = white blood cell.
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1. Introduction
Atrial fibrillation (AF) is the most common cardiac arrhythmia
that causes substantial cardiovascular morbidity andmortality.[1]

Epidemiological studies have identified several risk factors for
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AF, including hypertension, diabetes mellitus, heart failure,
obesity, and heavy alcohol intake.[2–4] Furthermore, the role of
inflammation and psychological stress has been established in the
development of AF.[5,6] The white blood cell (WBC) count and its
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subtypes are considered as markers of inflammation and stress in
various diseases, which is because neutrophils represent activated
nonspecific inflammation and lymphopenia represents a marker
of poor general health and psychological stress. Therefore,
several studies have examined the association between WBC
count and the prevalence of AF.[7–10]

We had recently reported about the increased prevalence of AF
among residents in the evacuation zone in Fukushima Prefecture
after the Great East Japan Earthquake that occurred on March
11, 2011, with excess alcohol intake and obesity being associated
with an increased risk for AF.[11] The Great East Japan
Earthquake, the subsequent tsunami, and the Fukushima nuclear
accident had resulted in physical and psychological stress among
the residents of Fukushima Prefecture, which may have had an
impact on the AF rate in the population.[12,13] Those results
suggested that health-related behaviors involving psychological
stress and inflammation could be important factors mediating the
development of AF after the disaster. The present study was
conducted to investigate the association betweenWBC count and
the prevalence of AF among the residents in the evacuation zone
in Fukushima Prefecture after the Great East Japan Earthquake.
2. Methods

2.1. Study population

The Comprehensive Health Check (CHC) is one of the detailed
surveys of the Fukushima Health Management Survey (FHMS).
A previous study has described the detailed methods of the CHC
and the FHMS.[12] The subjects of the CHC consisted of Japanese
men and women of all age groups living in the evacuation area
specified by the government after the accident at the Fukushima
Daiichi Nuclear Power Plant in Fukushima Prefecture, including
Tamura City, Minamisoma City, Kawamata-machi, Hirono-
machi, Naraha-machi, Tomioka-machi, Kawauchi-mura,
Okuma-machi, Futaba-machi, Namie-machi, Katsurao-mura,
Iitate-mura, and part of Date City, with a total of 210,189
subjects. Of these subjects, 28,170men andwomen aged 20 to 89
years participated in the CHC from June 2011 (5months after the
disaster) to the end of March 2012. If the participants underwent
≥2 examinations during the period, the earlier data were used in
the analysis. We excluded the residents whose WBC count and
electrocardiogram (ECG) data were unavailable, and the
remaining data of 14,800 participants (6427 men and 8373
women) were used for analyses.
Informed consent was obtained from community representa-

tives to conduct an epidemiological study based on the guidelines
of the Council for International Organizations of Medical
Science, and the study was approved by the Ethics Committee of
Fukushima Medical University (#1319 and #1916).
2.2. Measurements

Based on the 12-lead ECG tracings obtained from subjects in the
supine position, AF was diagnosed if the P-wave activity was not
evident and the ventricular response was irregular. Venous blood
was collected from the subjects using ethylenediaminetetraacetic
acid di-potassium (2K-EDTA) as an anticoagulant for measuring
the WBC count. The counts of total WBCs, lymphocytes,
monocytes, neutrophils, eosinophils, and basophils were deter-
mined using an automated cell counter. Diabetes mellitus
was defined as a fasting glucose level of at least 126mg/dL
2

(7.0mmol/L), an HbA1c level of at least 6.1%, and/or the use of
medications for diabetes mellitus.
Height in stocking feet and weight in light clothing were

measured, and the body mass index (BMI) was calculated as
weight (kg)/height (m2). Overweight was defined as a BMI ≥25
kg/m2. Systolic and diastolic blood pressure (BP) values were
measured by trained technicians using a standard mercury
sphygmomanometer on the right arm of participants in the seated
position. Readings were made to the nearest 2mmHg, and
diastolic BP was taken at the phase V Korotkoff sound.
Hypertension was defined as a systolic BP ≥140mmHg, a
diastolic BP ≥90mmHg, or the use of antihypertensive
medications.
An interviewer collected details regarding the history of

cigarette smoking and weekly alcohol intake in units of “go,” a
traditional Japanese unit of volume corresponding to 22g of
ethanol, which was subsequently converted into g/day. One go
equates to 180mL of sake and corresponds to one bottle (500
mL) of beer, two single shots (60mL) of whiskey, or two glasses
(240mL) of wine. Participants who consumed ≥2 go (≥44g
ethanol) per day were classified as being current excessive
drinkers.
2.3. Statistical analysis

Differences in mean values or proportions of potential risk
factors between participants with AF and those without AF were
analyzed for statistical significance using t test for continuous
variables and the chi-square test for dichotomous variables. The
odds ratios (ORs) of AF after the disaster and the 95% confidence
intervals (CIs) for one standard deviation of differential WBC
count were calculated after adjustments for age and other
potential confounding factors using the logistic regression model.
Age, sex, excess ethanol intake, smoking, being overweight,
hypertension, and diabetes mellitus were the potential confound-
ing factors. These analyses were also conducted stratified by sex.
Statistical analyses were performed using SAS version 9.4 (SAS
Institute, Cary, North Carolina, USA). All probability values for
statistical tests were two-tailed, with P values <.05 considered as
statistically significant.
3. Results

3.1. Characteristics of the study population

Among the 14,800 men and women, AF was confirmed in 269
participants (1.8%) after the disaster. The mean values of age,
monocyte count, and neutrophil/lymphocyte ratio and the
proportion of people with overweight, hypertension, diabetes
mellitus, and current excessive drinkers were higher among
participants with AF than among participants without AF
(Table 1).
3.2. WBC and its subtypes associated with AF

Table 2 shows the age-adjusted and multivariable-adjusted ORs
and 95% CIs of AF for one standard deviation of differential
WBCs count among men and women. A significant association
was detected between monocyte count and neutrophil/lympho-
cyte ratio and the prevalence of AF in the multivariable-adjusted
model. The adjusted ORs of monocyte count and neutrophil/
lymphocyte ratio for AF were 1.21 (95% CI, 1.05–1.40, P= .01)



Table 1

Means or proportions of characteristics of participants with atrial
fibrillation and those without atrial fibrillation after the Great East
Japan Earthquake.

Atrial
fibrillation

No atrial
fibrillation P value

n 269 14,531
Age, y 63.6 60.5 <.0001
Men, % 49.0 40.0 <.0001
Overweight (body mass index ≥25kg/m2), % 49.4 34.0 <.0001
Hypertension, % 77.3 54.5 <.0001
Diabetes mellitus, % 13.8 10.1 <.05
Current smokers, % 13.8 13.7 .96
Current excessive drinkers

∗
, % 10.0 4.7 <.0001

White blood cell, /mm3 6038 5891 .14
Neutrophil, /mm3 3356 3244 .14
Lymphocyte, /mm3 2144 2141 .94
Monocyte, /mm3 356 320 <.0001
Eosinophil, /mm3 153 156 .67
Neutrophil/Lymphocyte ratio 1.75 1.63 .02
∗
Ethanol intake 44g ≥ /day.
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and 1.22 (95% CI, 1.01–1.44, P< .05), respectively. Further
analysis of the associations stratified by sex revealed similar
relationships in both men and women.
4. Discussion

The present study has demonstrated that the prevalence of AF
was associated with an increased neutrophil/lymphocyte ratio
and monocyte count among residents in the evacuation zone in
Fukushima Prefecture after the Great East Japan Earthquake.
This finding suggests that inflammation and psychological stress
could be important factors mediating the development of AF after
a disaster.
Previous studies have demonstrated that inflammation and

psychological stress are associated with increased risk of AF.[5,6]
Table 2

Multivariable-adjusted odds ratios and 95% confidence intervals of at
count among men and women after the Great East Japan Earthquak

Crude OR Ag

Total
Neutrophil, /mm3 1.09 0.97–1.22 1.04
Lymphocyte, /mm3 1.00 0.89–1.13 0.98
Monocyte, /mm3 1.32 1.19–1.46 1.14
Eosinophil, /mm3 0.97 0.86–1.11 0.89
Neutrophil/Lymphocyte ratio 1.13 1.02–1.24 1.08

Men
Neutrophil, /mm3 0.95 0.82–1.09 0.97
Lymphocyte, /mm3 0.96 0.84–1.10 1.01
Monocyte, /mm3 1.13 0.99–1.28 1.12
Eosinophil, /mm3 0.81 0.68–0.97 0.85
Neutrophil/Lymphocyte ratio 1.03 0.91–1.17 1.03

Women
Neutrophil, /mm3 1.21 0.98–1.48 1.23
Lymphocyte, /mm3 0.96 0.75–1.23 0.93
Monocyte, /mm3 1.26 1.00–1.58 1.24
Eosinophil, /mm3 1.02 0.80–1.30 1.04
Neutrophil/Lymphocyte ratio 1.25 1.06–1.47 1.26

OR= odds ratio.
∗
Adjusted for age, sex, excess ethanol intake, current smoking, overweight, hypertension, and diabete
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WBC count and its subtypes have been found to be markers of
inflammation and stress in various cardiovascular diseases,
including AF. Neutrophils represent activated nonspecific
inflammation, and lymphopenia is a marker of poor general
health and psychological stress. Therefore, the neutrophil/
lymphocyte ratio provides information about both the inflam-
matory environment and the stress response.[7–10] Gibson et al[7]

reported that an elevated neutrophil/lymphocyte ratio found
before and after coronary artery bypass grafting was associated
with an increased prevalence of AF after the operation. Im et al[8]

demonstrated that the neutrophil/lymphocyte ratio after radio-
frequency catheter ablation for AF was a predictor for the early
recurrence of AF. In addition to selected patient samples,
Misialek et al[9] investigated a large population-based cohort of
14,500 American individuals who underwent longitudinal
annual health examinations (ARIC study) and observed that a
higher neutrophil/lymphocyte ratio was associated with AF risk.
The results of our study, whichwas conducted after a disaster, are
comparable to the results of the abovementioned previous
studies. The mental health and lifestyle survey in the FHMS
revealed that those who evacuated in response to governmental
directions after the Great East Japan Earthquake tended to
perform less physical activity, had trouble sleeping, and felt more
psychological stress.[14] Therefore, we considered that various
factors, including psychological stress, may influence the
neutrophil/lymphocyte ratio, resulting in the prevalence of AF
after the disaster.
The present study also demonstrated the association between

monocyte count and the prevalence of AF. Monocyte activation
plays a vital role in chronic inflammation and cardiovascular
diseases, including AF, in which monocytes and differentiated
macrophages participate in the inflammatory response and tissue
remodeling.[15,16] Fontes et al[15] initially showed that a higher
circulating monocyte ratio was associated with postoperative AF
in cardiac surgery. Later, Gurses et al[16] found that peripheral
toll-like receptors on monocytes were independent predictors
of AF recurrence after cryoablation. The exact mechanism
rial fibrillation for one standard deviation of differential leukocytes
e.

e- and sex-adjusted OR Multivariable-adjusted
∗
OR

0.92–1.17 0.79 0.63–0.98
0.88–1.10 1.04 0.88–1.22
1.02–1.28 1.21 1.05–1.40
0.77–1.03 0.86 0.74–1.01
0.97–1.20 1.22 1.01–1.48

0.84–1.12 0.78 0.60–1.03
0.89–1.14 1.02 0.85–1.23
0.98–1.27 1.22 1.04–1.44
0.71–1.01 0.81 0.68–0.97
0.91–1.17 1.13 0.89–1.44

1.00–1.51 0.81 0.53–1.25
0.73–1.19 1.03 0.72–1.48
0.98–1.57 1.18 0.88–1.60
0.81–1.32 1.03 0.78–1.35
1.07–1.48 1.41 0.99–2.00

s mellitus, and other leukocytes counts.
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underlying the association between inflammation and AF risk
after the disaster is unknown. However, our study findings may
indicate that chronic inflammation plays an important role in the
prevalence of AF caused by the disaster.
Our study has some limitations. First, the observational cross-

sectional design of the study identifies only an association and not
the causality because WBC count and its subtypes had not been
examined at annual checkups in most of the areas before the
disaster. Second, subjects living in the nonevacuation zone were
not included in the study. It is necessary to examine cohorts in
areas not affected or less affected by the disaster who underwent
checkups to evaluate the influence of the disaster. Third, in the
present study, because AF was defined by evaluating 12-lead
ECG tracings only, we could not distinguish the AF forms:
paroxysmal, persistent, long-term persistent, and permanent.
Therefore, the findings of the present study are not generally
applicable to all AF types because etiologies and risk factors may
be different. Fourth, we did not consider the effects of radiation
exposure on the association between WBC counts and AF
although lymphocytes are susceptible to damage from radiation.
However, a previous study showed that there were no marked
effects of radiation exposure on the WBC counts, including
neutrophil and lymphocyte counts, within 1year after a nuclear
accident in an evacuation area.[17] Finally, the association
between WBC count and AF risk might be confounded by
various factors that were not measured in this study. We cannot
rule out the possibility of residual confounding factors, including
socioeconomic aspects and biological inflammatory markers,
after the disaster.
In conclusion, the prevalence of AF was associated with an

increased monocyte count and neutrophil/lymphocyte ratio
among residents in the evacuation zone in Fukushima Prefecture,
suggesting that inflammation and psychological stress could be
important factors mediating the development of AF after the
earthquake.
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