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Abstract 

We hypothesized that the prevalence of FD and GERD in the community may be increasing. 

Randomly selected adults were surveyed on four occasions: 1988 (n=1151, 21–79 years, response 

rate (rr)=90%), 1989 (n=1097, 22–80 years, rr=87%), 1995 (n=1139, 20–85 years, rr=76%), 2011 

(n=1175, 20–93 years, rr=63%). In FD, the odds of post-prandial distress syndrome (PDS) tripled over 

23 years’ follow-up (OR:3.55; 95%CI:2.60–4.84, mixed effect regression analysis), while a small 

decrease in epigastric pain syndrome (EPS) was observed (OR:0.65, 95%CI:0.42–1.00). The odds of 

reporting GERD doubled (OR:2.02; 95%CI:1.50–2.73). The underlying mechanisms remain to be 

determined. 
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INTRODUCTION 

Highly prevalent chronic upper gastrointestinal (GI) disorders that impact on quality of life include 

functional dyspepsia (FD) and gastroesophageal reflux disease (GERD).1-3 The aim of the present 

study was to investigate time trends in the prevalence of upper GI symptoms in a 23-year 

prospective study drawn from the community adult population.  

MATERIALS AND METHODS 

All adult inhabitants in Östhammar community, Sweden, born on the 3rd, 12th or 24th day of each 

month were sent a validated questionnaire for abdominal symptoms (ASQ)4 in 1988, 1989, 1997 and 

2011 (Table 1).5 In the 2011 survey, non-responders 80 years and younger were called and asked 

seven key questions from the ASQ4. The ASQ asked whether, during the past three months, the 

participant had been troubled by any of a list of abdominal symptoms,4 and, in 2011, whether they 

were using proton pump inhibitors (PPI). FD was defined as the presence of postprandial fullness 

(PDS: early satiety or postprandial fullness) or epigastric pain syndrome (EPS: any pain modality 

isolated to the epigastric region).6 GERD was defined as the presence of either acid regurgitation or 

heartburn.  

Trends in the prevalence over time were calculated in Stata 16.1 using mixed effects logistic 

regressions with study period (0=1988 to 1=2011) as the fixed effect explanatory variable and 

participant identity slope as random effect, adjusting for age and sex. Odds ratios should be 

interpreted as the relative increase in odds over the study period. Differences in prevalences 

between birth cohorts (participants born before 1930, 1931–1950, 1951–1970 and 1971 and later) 

and associations between prevalences and age were investigated using logistic regression with the GI 

symptom as the dependent variable and birth cohort as the explanatory variable adjusted for age 

clustered on participant identity. Statistical power for this study was high (>0.9 power for 



unconditional logistic regression n=1000 at each time point, baseline prevalence=15%, effect size=2.0 

over the follow-up window, two-tailed α=0.01). 

RESULTS 

The odds of FD doubled over the 23-year study period (OR=2.04; 95%CI: 1.57–2.64, Table 2) 

corresponding to a crude increase of 8.8%. This rise was driven by an increase in the odds of PDS 

during follow-up (OR=3.55; 95%CI: 2.60–4.84), while a decrease in EPS was observed (OR=0.65, 

95%CI: 0.42-1.00). The odds of GERD doubled over the same period (OR=2.02, 95%CI 1.50–2.73), 

which corresponds to an increase in crude prevalence of 6.6%. The increased odds of GERD were 

mainly driven by the increased odds of acid regurgitation; a small but significant increase was also 

seen in heartburn (Table 2).  

We performed two sensitivity analyses. The increase in reflux over the 23-year follow-up remained 

when including the GERD ratings from the non-response study to the analysis of effect of time on 

prevalence of GERD (OR=1.85, 95%CI: 1.42–2.42, p<0.001, 4821 observations, 2058 individuals). 

While participants in the non-response study (n=308) reported a lower prevalence of GERD (22.4%) 

compared to responders (24.2%), this difference was not statistically significant (OR=0.89, 95%CI 

0.65–1.20, p=0.44, logistic regression adjusted for age and sex). In 2011, 12% of the population (134 

out of 1108, 12.1%, 95% CI: 10.2%-14.0%) were PPI users; 28.5% of FD, 37.5% of GERD and 46.3% of 

the 108 participants with both FD and GERD reported PPI use. Including PPI use in 2011 in the 

analyses of GERD raised the OR (Table 2), suggesting that the increase in individuals suffering from 

upper gastrointestinal symptoms may be larger than shown in the main analyses.  

In Figure 1, prevalences of FD and its subtypes and GERD and its symptoms are displayed by birth 

cohort, enabling cohort differences and age trends within cohorts to be observed. In terms of FD, 

some differences by birth cohorts are observable. The two younger cohorts (born 1951–70 and 

1971–90) had a significantly higher prevalence of FD compared to the oldest cohort (born 1909–30, 

Supplementary table 1). These differences appeared to be driven by inter-cohort variation in the 



prevalence of PDS; differences in the prevalence of EPS were small and inconsistent. In each cohort, 

PDS increased with age while EPS became less common as participants aged (data not shown).  

Turning to GERD, small differences existed by birth cohort for acid regurgitation, with the two 

younger cohorts reporting a statistically significant higher prevalence than the oldest cohort 

(Supplementary table 1). While very low levels of heartburn were reported in 1995 for the youngest 

1971–90 cohort, only 51 individuals from this cohort participated in that survey. In each cohort, acid 

regurgitation became more common as participants aged while the association between age and 

heartburn was weak and non-significant (data not shown).  

DISCUSSION 

This unique study prospectively investigated the epidemiology of upper GI symptoms over 23 years 

in a large population-representative cohort. The the prevalence of PDS and GERD substantially 

increased while a slight decrease in EPS was seen. The inclusion of the non-response study meant 

that data on GERD was available for 80% of the survey sample, and there was no significant 

difference in GERD between responders and non-responders in the last survey, suggesting little 

selection bias. We relied on symptoms to identify GERD and FD,  but endoscopic population-based 

research suggests misclassification bias is small.2,5 

A weakness with the present study was the lack of information on possible confounders, most 

notably smoking, body mass index and mental health. FD prevalence is significantly higher in 

smokers.7 However, smoking rates are falling in Sweden 8 and, if smoking was the explanation, we 

would expect to see a fall not increase in PDS. Increasing rates of obesity 9 may be an explanation for 

the increase in GERD we observed, however, weight loss rather than weight gain is associated with 

FD.10 Anxiety is increasing in the community 11 and linked to FD , but the stable prevalence of EPS 

contradicts this explanation.  



In conclusion, this is the first study, to our knowledge, to demonstrate that FD, specifically PDS, and 

GERD is increasing in the general population. While confounding by other factors seems unlikely to 

explain the associations, the underlying mechanisms remain to be determined. 
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Figure 1. Prevalence of GI-symptoms per survey divided by birth cohorts.  

 

  



Table 1. Participant characteristics in the four surveys. Symptoms are given as % (95% confidence 

intervals).  

 

 
1988 1989 1995 2011 2011 non-

response study 

Time follow-up (years) 0 1 7 23 23 

N responders 1151 1097 1102 1159 308 

Response rate (%) 90 87 76 63 48 

Women (%) 49.5 50.2 52.2 51.7 44.5 

Mean age (range) 47.9 (21-79) 48.9 (22-80) 50.2 (21-85) 56.5 (19-93) 46.8 (20-80) 

Functional dyspepsia 17.2 (15.0-19.4) 14.1 (12.1-16.2) 17.8 (15.5-20.0) 22.1 (19.7-24.5) - 

Postprandial distress 

syndrome (PDS) 

11.3 (9.4-13.1) 10.0 (8.3-11.8) 13.4 (11.4-15.4) 19.9 (17.6-22.2) - 

Epigastric pain 

syndrome (EPS) 

6.9 (5.4-8.4) 4.3 (3.1-5.5) 6.2 (4.8-7.6) 3.9 (2.8-5.0) - 

Gastroesophageal 

reflux disease (GERD) 

symptoms 

18.9 (16.6-21.1) 17.6 (15.3-19.9) 20.1 (17.6-22.4) 24.2 (21.9-26.8) 22.4 (17.7-27.1) 

Acid regurgitation 8.8 (7.3-10.6)  7.6 (6.1-9.3) 7.7 (6.2-9.4) 16.9 (14.8-19.2) 12.3 (8.64-16.0) 

Heartburn 16.7 (14.6-19.9) 15.1 (13.0-17.3) 17.5 (15.3-19.9) 20.4 (18.1-22.9) 19.2 (14.7-23.6) 

 

  



Table 2. Odds ratios for change in upper gastrointestinal symptoms during the 23-year follow-up  

adjusted for age and sex.  

 

 
OR 95% CI P-value 

N 

observations 

N  

individuals 

Functional dyspepsia 2.04 1.57-2.64 <.001 4526 1885 

  Postprandial distress syndrome (PDS) 3.55 2.60-4.84 <.001 4514 1883 

  Epigastric pain  syndrome (EPS) 0.65 0.42-1.00 0.049 4420 1866 

GERD 2.02 1.50-2.73 <.001 4511 1882 

  Acid regurgitation 4.06 2.89-5.70 <.001 4505 1881 

  Heartburn 1.71 1.25-2.34 0.001 4510 1881 

GERD and/or use of PPI 2.59 1.94-3.47 <.001 4549 1890 

Abbreviations: GERD=gastroesophageal reflux disease symptoms, OR=odds ratio, CI=confidence 

interval  
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