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Background: The aim of this study was to investigate the link between atrial fibrillation (AF) 

and dyspepsia, as well as the contribution of dyspepsia to the overall burden of AF.

Methods: The 2008, 2009, and 2010 Japan National Health and Wellness Survey (NHWS) 

datasets were used in this study. The NHWS is an Internet-based survey administered to the 

adult population in Japan using a random stratified sampling framework to ensure demographic 

representativeness. The presence of dyspepsia was compared between those with and without AF. 

Among those with AF, the effect of dyspepsia on health status, work productivity, and activity 

impairment was examined, along with health care resource use using multivariable regression 

modeling and controlling for baseline differences.

Results: Among patients with AF (n = 565), the three most commonly reported comorbidities 

were hypertension (38.76%), dyspepsia (37.35%), and overactive bladder (28.72%). Patients with 

AF had 48.59% greater odds of reporting dyspepsia than those without AF (P , 0.05). Patients 

with dyspepsia used more AF medications (2.05 versus 1.54) and had been diagnosed more 

recently (9.97 versus 10.58 years). Dyspepsia was associated with significantly worse physical 

health status (P , 0.05) and significantly more absenteeism, overall work impairment, activity 

impairment, physician visits, and emergency room visits (all P , 0.05).

Conclusion: Patients with AF in Japan experience a number of comorbidities, with dyspepsia 

being the most common noncardiovascular comorbidity. Given the prevalence and additional 

burden of this comorbidity across both humanistic and economic outcomes, the management 

of dyspepsia among patients with AF should be an area of greater focus.

Keywords: atrial fibrillation, dyspepsia, health status, work productivity, health care 

resource use

Introduction
Atrial fibrillation (AF) is the most common cardiac arrhythmia, affecting approximately 

0.65% of the Japanese population.1 Its presence is associated with a significant increase 

in future stroke risk.2 Aside from elevated stroke risk, AF is associated with a substantial 

burden on both the patient and society. According to previous literature, nearly all domain 

scores of the Short-Form 36 (a measure of health status) were significantly lower in 

patients with AF compared with age-matched controls.3,4 In the United States, direct costs 

ranged from $2000 to $14,200 per patient per year, predominantly because of an increased 

number of hospitalizations.5 Lastly, patients with AF who remain in the work force also 

have significantly more sick leave and short-term disability than non-AF controls.6

Although primarily linked to the disease itself, the patient burden can be 

 exacerbated by the presence of comorbidities. Indeed, patients with AF experience 
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a number of concomitant conditions. Although the prevalence 

of cardiovascular comorbidities among Japanese patients 

with AF,7–9 as well as the effect of these comorbidities 

with respect to health-related quality of life, have already 

been investigated,10 information on other comorbidities is 

scarce. In the United States, LaMori et al found that 34% of 

patients with AF also reported experiencing dyspepsia, and 

that the presence of dyspepsia among patients with AF was 

associated with a significant decrease in health status and a 

significant increase in health care resource utilization and 

work productivity loss.11

Given that the characteristics of Japanese AF patients 

have been reported to differ from other populations, includ-

ing a lower body weight and a more dramatic gender split,9 

it is important to extend prior research by investigating the 

prevalence and effect of dyspepsia in Japan rather than 

extrapolating data from other countries. The objectives of the 

current study were, firstly, to clarify the link between AF and 

dyspepsia and, secondly, to understand the attributable burden 

of dyspepsia among patients with AF in Japan.

Materials and methods
Data source
The current study used data from the 2008, 2009, and 2010 

Japan National Health and Wellness Surveys (NHWS, 

Kantar Health, New York, NY, USA). Details on the Japan 

NHWS are provided elsewhere.12 In brief, the NHWS is a 

large, nationally representative, cross-sectional, Internet-

based health survey of adults aged 18 years or older. Potential 

respondents are recruited through a stratified random sam-

pling framework to ensure that the demographic composition 

is representative of the total Japanese adult population.12 

Because it is possible for a respondent to complete the 

NHWS more than once over this three-year period, a small 

subset of 2008 respondents also completed the survey in 

2009 and 2010. Similarly, a small subset of 2009 respon-

dents also completed the survey in 2010. In these instances, 

only the most recent data points for each respondent were 

included. A total of 60,015 unique respondents who com-

pleted the 2008, 2009, or 2010 Japan NHWS were included 

in the analyses.

Measures
Atrial fibrillation
All NHWS respondents were presented with a list of medi-

cal comorbidities and asked to select which conditions they 

had ever experienced (AF was one of these conditions, 

presented as “atrial fibrillation”, although the specific type 

of AF the respondents had experienced was not assessed). 

For the conditions selected, respondents were then asked 

whether they had been formally diagnosed (“yes” versus 

“no”). Only respondents who reported having been diag-

nosed with AF were considered to have AF. No exclusion 

criteria were applied.

Dyspepsia
The NHWS did not include a direct assessment of dyspepsia. 

As a result, we used a proxy measure of dyspepsia based on 

the presence of conditions that share symptoms with, and are 

often associated with, functional dyspepsia. These conditions 

included ulcers, abdominal bloating, abdominal pain, gas-

troesophageal reflux disease (GERD), and heartburn. Patients 

who self-reported any of those conditions were considered to 

have dyspepsia. The same approach to assessing dyspepsia 

has been used in prior research.11

Demographics
Age (18–39, 40–49, 50–59, 60–69, 70 years and older), 

gender (male versus female), education (college-educated 

versus less than college-educated), employment (currently 

employed versus not employed), and annual household 

income (,¥3,000,000, ¥3,000,000–4,999,999, ¥5,000,000–

7,999,999, $¥8,000,000, or declined to answer) were 

included.

Patient characteristics
Smoking (currently a smoker versus former smoker versus 

never smoked), alcohol use (currently drinking versus not 

currently drinking), exercise (currently exercising versus 

not currently exercising), bodyweight (in kilograms), and 

body mass index (underweight, normal weight, overweight, 

obese, decline to answer) were assessed for all respondents. 

The Charlson comorbidity index13 was calculated based on 

self-reported comorbidities.

Disease history
Location of AF diagnosis, years diagnosed with AF, AF treat-

ment (neither acetylsalicylic acid [ASA] nor warfarin, ASA 

without warfarin, ASA and warfarin, warfarin without ASA) 

and symptom severity were included. The total number of 

medications taken for AF was also summed and reported.

Health outcomes
The Japanese version of the Medical Outcomes Study 

12-Item Short-Form Survey Instrument was used as a generic 

health status instrument.14,15 Physical component summary 
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and mental component summary scores along with health 

utilities (SF-6D) were included in the analysis, with higher 

scores indicating better health status. Physical and mental 

component summary scores each vary between 0 and 100, 

with the population mean set at 50. Health utilities vary on a 

theoretical scale between 0 and 1, with 0 indicating a health 

state associated with death, and 1 indicating a health state 

associated with perfect health. The general health version of 

the Work Productivity and Activity Impairment questionnaire 

was used to assess absenteeism (the percentage of work time 

missed because of one’s health in the past seven days), pre-

senteeism (the percentage of impairment experienced while at 

work in the past seven days because of one’s health), overall 

work productivity loss (an overall impairment estimate that 

is a combination of absenteeism and presenteeism), and 

activity impairment (the percentage of impairment in daily 

activities because of one’s health in the past seven days).16 

Only respondents who reported being full-time, part-time, 

or self-employed provided data for absenteeism, presentee-

ism, and overall work impairment. All respondents provided 

data for activity impairment. The number of physician visits, 

emergency room visits, and hospitalizations in the previous 

six months were also reported by all respondents.

Statistical analysis
The prevalence of dyspepsia among those with and without 

AF was compared using a Chi-square test. The presence 

of dyspepsia was then predicted from the presence of AF 

in a logistic regression model controlling for age, gender, 

education, household income, body mass index, smoking 

status, exercise behavior, and comorbidities via the Charlson 

comorbidity index.

Among those with AF only, differences between 

patients with and without dyspepsia were examined for 

 demographics, patient characteristics, and disease history 

using Chi-square tests and independent-samples t-tests for 

categorical and continuous variables, respectively. Adjusted 

differences between those with and without dyspepsia with 

regard to health outcomes were assessed using general linear 

models (for health status) and generalized linear models (for 

work productivity and health care resource use). The latter 

models (specifying a negative binomial distribution and a 

log link function) were used to handle the inherent skewness 

of those variables correctly. All multivariable regression 

models controlled for the number of medications and the 

years diagnosed, because these were the only variables that 

were significantly different between those with and without 

dyspepsia and significantly predictive of health outcomes. 

The a priori cutoff for statistical significance of predictors in 

the regression model was set at P , 0.05.

Results
A total of 565 patients (0.94%) reported a diagnosis of AF. 

Among these patients, the five most commonly reported 

comorbidities were hypertension (38.76%), dyspepsia 

(37.35%), overactive bladder (28.72%), high cholesterol 

(17.88%), and angina pectoris (16.81%), making dyspepsia 

the most common non-cardiovascular comorbidity. Among 

those with AF, the components of dyspepsia included 

heartburn (15.58%), abdominal pain (12.57%), abdominal 

bloating (9.03%), GERD (8.67%), and ulcers (8.50%), with 

37.16% of patients having at least two of those component 

conditions.

The prevalence of dyspepsia was significantly higher 

in those with AF (37.35%) than in the general adult popu-

lation without AF from NHWS (21.30%; χ2[1] = 85.51, 

P , 0.0001). Even after adjusting for sociodemographics, 

health behaviors, and comorbidities, patients with AF had 

48.59% greater odds of reporting dyspepsia than those 

without AF (b = 0.40, odds ratio = 1.49, P , 0.0001, see 

Table 1).

Among those with AF, patients with comorbid dyspepsia 

were similar to those without AF on all demographic variables 

(see Table 2). The distributions of age, gender, education, 

employment, and household income between these two 

groups were the same (all P . 0.18). Similarly, no differences 

between those with and without dyspepsia were observed 

with respect to patient characteristics. Distributions of body 

mass index, bodyweight, smoking status, alcohol use, and 

exercise behavior were similar between AF patients with and 

without dyspepsia (all P . 0.05).

However, a few differences were observed with respect to 

AF-related history. Patients with dyspepsia were more likely 

to have been diagnosed in a hospital (78.67% versus 70.34%) 

and less likely to have been diagnosed in a physician’s office 

(13.74% versus 21.19%, see Table 3). Patients with dyspepsia 

also reported having been diagnosed more recently (9.97 

versus 10.58 years, P = 0.005) and reported using significantly 

more AF medications (2.05 versus 1.54, P , 0.001).

Prior to covariate adjustment, the health outcomes of 

those with AF (without regard to dyspepsia) were compared 

with those with AF but without dyspepsia, and with those hav-

ing AF as well as dyspepsia (see Table 4). All health outcomes 

were worse among those with comorbid  dyspepsia, including 

health status, work productivity loss, activity impairment, 

and health care resource use.
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Table 1 Logistic regression model predicting the presence of dyspepsia

 b SE b χ2 P-value OR OR  
95% LCL

OR  
95% UCL

Intercept -1.307 0.056 542.175 ,0.0001
Age 0.005 0.001 44.408 ,0.0001 1.005 1.003 1.006
Male -0.277 0.024 134.848 ,0.0001 0.758 0.723 0.794
University education -0.051 0.022 5.477 0.0193 0.95 0.91 0.992

Annual income: ,¥3 million 0.022 0.032 0.474 0.4913 1.023 0.96 1.09

Annual income: ¥3 to ,¥5 million – – – – – – –

Annual income: ¥5 to ,¥8 million 0.075 0.029 6.856 0.0088 1.077 1.019 1.139
Annual income: ¥8 million or more 0.068 0.030 5.324 0.021 1.071 1.01 1.135
Annual income: declined to answer -0.111 0.041 7.321 0.0068 0.895 0.826 0.97
BMI: underweight 0.042 0.032 1.714 0.1905 1.043 0.979 1.11
BMI: normal weight – – – – – – –
BMI: overweight 0.149 0.028 27.821 ,0.0001 1.16 1.098 1.226
BMI: obese 0.292 0.061 23.131 ,0.0001 1.34 1.189 1.509
BMI: missing -0.198 0.069 8.216 0.0042 0.82 0.716 0.939
Never smoked -0.536 0.026 418.242 ,0.0001 0.585 0.556 0.616
Former smoker -0.051 0.028 3.418 0.0645 0.95 0.9 1.003
Current smoker – – – – – – –
Currently exercise 0.065 0.021 9.493 0.0021 1.067 1.024 1.111
Charlson comorbidity index 0.959 0.023 1737.784 ,0.0001 2.609 2.494 2.729
Atrial fibrillation 0.396 0.095 17.294 ,0.0001 1.486 1.233 1.792

Abbreviations: BMI, body mass index; OR, odds ratio; LCL, lower confidence limit; UCL, upper confidence limit; SE, standard error of measurement.

This pattern remained even after controlling for 

 differences in disease history (see Figure 1). Patients with 

dyspepsia reported significantly lower levels of physical com-

ponent summary scores (41.32 versus 45.66, P , 0.0001) and 

health state utilities (0.70 versus 0.76, P = 0.008). Although 

a trend for lower mental component summary scores was 

found (48.51 versus 50.33, P = 0.09), this difference was 

not statistically significant.

Among those who were employed, a significant effect 

of dyspepsia on work productivity was also observed (see 

Figure 2). Those with dyspepsia reported significantly more 

absenteeism (11.77% versus 1.33%, P = 0.003) and overall 

work impairment, which included both absenteeism and 

presenteeism (26.65% versus 17.02%, P = 0.045). Although 

a trend for higher presenteeism was found (24.39% versus 

15.28%, P = 0.10), this difference was not statistically 

 significant. Among all patients with AF, not just those 

employed, patients with dyspepsia reported significantly 

higher levels of impairment in daily activities (29.27% versus 

23.07%, P = 0.036).

The presence of dyspepsia was also associated with direct 

cost drivers (see Figure 3). Indeed, patients with dyspepsia 

reported significantly more physician visits (19.35 versus 

12.62, P = 0.0003) and significantly more emergency room 

visits (0.40 versus 0.14, P = 0.008) in the past six months 

than those without dyspepsia. Although the number of 

 hospitalizations was higher (3.27 versus 1.73, P = 0.13), 

this difference was not statistically significant between the 

two groups.

Discussion
As reported previously,9 patients with AF in Japan suffer from 

a number of comorbidities, with cardiovascular,  urological, 

and gastrointestinal conditions each being reported by more 

than one third of AF patients. Our results demonstrate that, 

when looking at individual conditions, dyspepsia is the most 

common non-cardiovascular comorbidity, reported by 37.35% 

of AF patients. Indeed, it is significantly more likely that 

patients with AF will have dyspepsia compared with patients 

without AF. It is difficult to compare these point estimates 

with previous reports, because few studies have assessed 

the Japanese population, and definitions of dyspepsia vary 

considerably. However, these statistics do largely coincide 

with prior research. For example, Mahadeva et al reported 

that 24.3% of the general population of Kuala Lumpur suf-

fered from dyspepsia (defined as upper abdominal discomfort 

occurring for at least three weeks in the previous 12 months) 

compared with 21.3% of the general population in NHWS.17 

Prior research from the West has suggested that GERD symp-

toms occur in 20%–25% of those with dyspepsia (regardless 

of AF status) which is higher than what was observed in 

our study (15.28% for heartburn and 8% for GERD).18–20 
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Table 2 Differences in demographic and lifestyle characteristics between AF patients with and without comorbid dyspepsia

 Dyspepsia  
(n = 211)

No dyspepsia  
(n = 354)

P-value

n % n %

Age, years 0.3137
 18–39 12 5.69 12 3.39
 40–49 16 7.58 16 4.52
 50–59 29 13.74 45 12.71
 60–69 71 33.65 140 39.55
 $70 83 39.34 141 39.83
Gender 0.7676
 Male 175 82.94 297 83.90
 Female 36 17.06 57 16.10
Education 0.4046
 Less than university education 74 35.07 112 31.64
 University education 137 64.93 242 68.36
Employment 0.6083
 Unemployed 138 65.40 239 67.51
 Currently employed 73 34.60 115 32.49
Annual household income 0.1782
 ,¥3 million 32 15.17 67 18.93

 ¥3 to ,¥5 million 72 34.12 128 36.16

 ¥5 to ,¥8 million 42 19.91 82 23.16
 ¥8 million or more 45 21.33 49 13.84
 Declined to answer 20 9.48 28 7.91
Body mass index 0.3266
 Missing 0 0.00 1 0.28
 Underweight 15 7.11 21 5.93
 Normal 136 64.45 254 71.75
 Overweight 53 25.12 70 19.77
 Obese 7 3.32 8 2.26
Mean (SD) weight (kg) 64.89 11.19 64.15 10.79 0.8783
Smoking status 0.1636
 Never smoked 60 28.44 115 32.49
 Former smoker 102 48.34 180 50.85
 Current smoker 49 23.22 59 16.67
Alcohol use 0.4239
 Do not drink 54 25.59 80 22.60
 Currently drink 157 74.41 274 77.40
Exercise behavior 0.9099
 Do not exercise 86 40.76 146 41.24
 Currently exercise 125 59.24 208 58.76
Mean (SD) CCI 1.46 4.72 0.35 0.69 0.1162

Note: Within-variable categories may not sum to exactly 100% due to rounding. 
Abbreviations: AF, atrial fibrillation; CCI, Charlson comorbidity index; SD, standard deviation.

 However, Mahadeva et al found that these symptoms were 

far less common for dyspepsia among Southeast Asian popu-

lations than those from the West, suggesting that our lower 

estimates may be in the range of what would be expected in 

a Japanese population.21

Although prior studies have not examined the link 

between AF and dyspepsia specifically, our findings are 

consistent with the literature examining the link between 

AF and GERD,22–24 a condition frequently associated with 

functional dyspepsia and sharing commonalities with the 

symptom experience (eg, epigastric pain/burning).25 Kunz 

et al have found GERD to be a risk factor for AF,22 and other 

studies have shown GERD to have a potential role in the 

pathogenesis of paroxysmal AF.23,24

Interestingly, few demographic and patient history dif-

ferences were observed between those with and without 

dyspepsia, making it difficult to anticipate patients who 

may be more susceptible to this condition. The presence of 

dyspepsia was indifferent to gender, age, bodyweight, over-

all comorbidity profile, and health risk behaviors, such as 
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Table 4 Unadjusted mean level of health outcomes among AF patients with and without comorbid dyspepsia

All patients with AF 
(n = 565)

Patients with AF

Dyspepsia 
(n = 211)

No dyspepsia 
(n = 354)

SF-12: mental component summary score 48.91 47.70 49.63
SF-12: physical component summary score 44.66 42.19 46.13
SF-6D: health utility score 0.73 0.69 0.76
Number of physician visits per 6 months 14.24 19.27 11.23
Number of ER visits per 6 months 0.28 0.56 0.12
Number of hospitalizations per 6 months 2.06 3.09 1.45
Absenteeism % 4.98 8.66 2.64
Presenteeism % 20.82 27.61 16.52
Overall work impairment % 23.26 32.24 17.55
Activity impairment % 26.41 30.81 23.79

Abbreviations: AF, atrial fibrillation; ER, emergency room; SF, Short Form.

Table 3 Differences in disease history between AF patients with and without comorbid dyspepsia

 Dyspepsia 
(n = 211)

No dyspepsia 
(n = 354)

P-value

n % n %

Location of diagnosis 0.0187
 Unknown 11 5.21 13 3.67
 Hospital 166 78.67 249 70.34
 Physician’s office 29 13.74 75 21.19
 Other 5 2.37 17 4.80
Severity of AF symptoms 0.4961
 Mild 112 53.08 199 56.21
 Moderate 64 30.33 115 32.49
 Severe 26 12.32 33 9.32
 Not available 9 4.27 7 1.98
Current treatment 0.6433
 Untreated 78 36.97 124 35.03
 Treated 133 63.03 230 64.97
Treatment group 0.1109
 Neither ASA nor warfarin 128 60.66 226 63.84
 ASA only 19 9.00 16 4.52
 ASA + warfarin 6 2.84 4 1.13
 Warfarin only 58 27.49 108 30.51
Number of AF medications (mean, SD) 2.05 2.56 1.54 0.87 ,0.0001
Years diagnosed (mean, SD) 9.97 10.53 10.58 10.64 0.0048

Note: Within-variable categories may not sum to exactly 100% due to rounding. 
Abbreviations: ASA, acetylsalicylic acid; AF, atrial fibrillation; N/A, not available; SD, standard deviation.

 smoking and alcohol use. These results suggest that dyspepsia 

is not restricted to any particular subgroup of patients with 

AF. However, the relationship with number of medications 

and presence of dyspepsia suggests that this comorbidity is 

preventable in certain cases. It is also possible, as discussed 

in prior studies, that cardiovascular comorbidities could be a 

contributing factor in the presence of dyspepsia.25,26 Further 

research is necessary to uncover the true mechanisms of the 

relationship between AF and dyspepsia.

Although AF itself can pose a burden on the patient and 

society,3–6 our results suggest that a significant part of this 

burden is due to dyspepsia. Indeed, patients with dyspepsia 

reported significantly worse health status and significantly 

more work impairment, primarily due to absenteeism. More 

health care resource use was also observed, primarily due 

to physician visits and emergency room visits. Collectively, 

these findings suggest that the presence of dyspepsia not 

only poses significant societal costs by affecting patients’ 

daily functioning and work productivity, but also incurs great 

health care costs through its direct management or exacer-

bation of other conditions. These results have important 

clinical implications, in that although many factors should 
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be considered when managing patients with AF, dyspepsia 

should not be overlooked.

Limitations
Several limitations of this research should be noted. The 

primary one is the definition of dyspepsia, which was 

 determined using a proxy measure because direct assess-

ment was not available in the NHWS data. Although the 

conditions used as part of the definition share symptoms 

with dyspepsia, and are often linked with the condition, it is 

possible that patients with these symptoms did not experi-

ence true dyspepsia and patients without these conditions 
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Figure 3 Adjusted number of health care resource use events in the past six months between those with and without dyspepsia.
Note: *P , 0.05.

did experience true dyspepsia. However, given the large 

number of patients (nearly 40%) with at least two of these 

conditions, the relationship between our proxy measure and 

actual dyspepsia is likely to be very strong.

It should also be emphasized that all data from the NHWS 

were self-reported and no clinical verification of diagnoses 

or treatments were available. This could have introduced 

additional measurement error because patients may have 

mistakenly reported a diagnosis of AF and those without AF 

may have been undiagnosed. Related to this point, it should 

be noted that our prevalence of AF (0.94%) was higher than 

that reported in the literature (0.65%).1 The reason for this 

discrepancy is unclear, but it could be that it was more common 

to mistakenly report a diagnosis of AF than for those without 

AF to be undiagnosed. Future research would be necessary.

Because of the cross-sectional and observational nature 

of this study, the relationship between dyspepsia and health 

outcomes may not be causal. For example, some studies have 

suggested a link between depression and dyspepsia (although 

the causality of this relationship is also in question), which 

may explain some of the additional variability observed in 

the current study. No data on the type of AF (eg, paroxysmal) 

were available, which may have hidden underlying hetero-

geneity across AF subgroups.

Lastly, our findings may not be generalizable to the AF 

population in Japan. It is possible that the sample of patients 

with AF in the current study differs from the general AF 

population in Japan. The NHWS is nationally representative 

of the Japanese population with respect to age and gender, 

and the demographic characteristics of the sample of AF 

patients match those of prior publications.1,7,8,10 However, 

the extent to which those who decided to participate in the 

NHWS survey differ from the overall population of patients 

with AF is unknown.

Conclusion
In Japan, patients with AF experience a number of comor-

bidities, with dyspepsia being the most common non-

cardiovascular comorbidity. Few factors were associated 

with the presence of dyspepsia, making the prediction 

of its appearance challenging. However, the number of 

medications was associated with its presence, suggesting 

it could be a function of treatment for AF. Regardless of 

the specific cause, patients with AF and dyspepsia reported 

significantly worse health outcomes than patients with AF 

and without dyspepsia, emphasizing that the management 

of dyspepsia among patients with AF should be a greater 

area of focus.
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