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ABSTRACT
Background: The prevalence of overweight and smoking has changed over time. However, whether
the changes in the risk factors are reflected in the prevalence of gastro-oesophageal reflux disease
(GORD) is unknown. The aims of this study were to assess the changes in prevalence of GORD and
the associated risk factors over time in a general population.
Methods: This was a population-based study using repeated surveys of the Tromsø Study: Tromsø2
(1979–1980, n¼ 14,279), Tromsø6 (2007–2008, n¼ 11,460) and Tromsø7 (2015–2016, n¼ 20,664).
Complaints of heartburn and acid regurgitation and common risk factors were reported, and height
and weight were measured. The prevalence of GORD was calculated and the association with risk fac-
tors was assessed at each time point by odds ratios (OR) and 95% confidence intervals (CI) using mul-
tivariable logistic regression.
Results: The prevalence of GORD was 13% in 1979–1980, 6% in 2007–2008 and 11% in 2015–2016. In
all three surveys, the risk of GORD was consistently increased with overweight and smoking. However,
overweight was a weaker risk factor in the first (OR 1.58, 95% CI 1.42–1.76) compared to the last (OR
2.16, 95% CI 1.94–2.41) survey. Smoking was a stronger risk factor in the first (OR 1.45, 95% CI 1.31–
1.60) than at the last (OR 1.14, 95% CI 1.01–2.29) survey.
Conclusion: During four decades of follow-up of the same population, no clear change in prevalence
of GORD was found. GORD was clearly and consistently associated with overweight and smoking.
However, overweight has become a more important risk factor than smoking over time.
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Introduction

Gastro-oesophageal reflux disease (GORD) is due to patho-
logical reflux of acidic gastric content to the oesophagus,
leading to complaints of heartburn and acid regurgitations
or complications [1]. Complications include mucosal erosions
(oesophagitis), strictures, premalignant metaplasia of the
mucosa (Barrett’s oesophagus) and malignancy (adenocarcin-
oma). According to the current Montreal definition of GORD,
the presence of GORD is defined as at least weekly reflux
symptoms in most population-based studies [2].

The prevalence of GORD show great geographical vari-
ation, from 10% to 20% depending on the population [3]. A
recent meta-analysis of the global prevalence of GORD found
a pooled prevalence of 13.3% (95% confidence interval (CI)
12.0%–14.6%) [4]. The prevalence seems to be increasing, as
studies conducted after 1995 report higher prevalence than
those conducted before 1995 [3]. However, whether there is
changing prevalence over time in the same population is
uncertain. In addition to genetic factors, the main modifiable

risk factors of GORD are high body mass index (BMI) and
tobacco smoking [4,5]. In most Western populations, BMI has
increased considerable while smoking has decreased during
the recent decades [6,7]. However, as high BMI is a stronger
risk factor for GORD than smoking, the expected net effect is
an increase in the prevalence of GORD over time.

The aim of the present study was to assess time-trends in
the prevalence and risk factors of GORD in a general
Norwegian population. Our hypothesis was that the preva-
lence of GORD has increased as the prevalence of over-
weight has increased in the general population.

Methods

The Tromsø study

The Tromsø Study is a population-based study where 45,000
inhabitants of Tromsø municipality, Norway, have participated
in one or several of the seven surveys between 1974 and 2016
(Tromsø1-Tromsø7) [8–10]. In the present study, data from
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Tromsø2 (1979–1980, n¼ 16,620, 78%), Tromsø6 (2007–2008,
n¼ 12,984, 66%) and Tromsø7 (2015–2016, n¼ 21,083, 65%)
were used. In Tromsø2, all men aged 20–54years and women
aged 20–49 years were invited. In Tromsø6, all participants of
Tromsø4 part 2, a random selection of 10% aged 30–39 years,
all aged 40–42 years and 60–87 years and a random selection
of 40% age 43–59years were invited. In Tromsø7, all aged
above 40 years were invited. Data collection included question-
naires, interviews, biological samples and clinical examinations.

Reflux symptoms and use of acid suppressive medication

Reflux symptoms were assessed through questionnaires using
the following questions: ‘“Do you have much complaints with
acid regurgitation or heartburn?” with response alternatives “Yes”
or “No” (Tromsø2), “To what degree have you had complaints
with heartburn/acid regurgitations the last 12months?” with
response alternatives “Never”, “A little” or “Much” (Tromsø6) and
“How often have you had complaints with heartburn and/or acid
regurgitation during the last 3months?” with response alterna-
tives “Never”, “Monthly”, “Weekly” or “Daily”, where those report-
ing at least monthly complaints, received two follow-up
questions: “To what degree have you had complaints with heart-
burn/acid regurgitations”” with response alternatives “None”,
“Some” or “Much”, and “How long have you been bothered with
heartburn and/or acid regurgitation?” with response alternatives
“Less than a week”, “Less than 3months”, “3–5months”, “6–
12months” or “More than 1year” (Tromsø7). Use of acid suppres-
sive medication was assessed by a questionnaire using the fol-
lowing question: “How often have you used acid suppressive
medication during the last 4weeks?” with response alternatives
“Not used the last 4weeks”, “Less than weekly”, “Every week, but
not daily” or “Daily” (Tromsø7 only). Prevalent GORD was
defined by the following responses to the reflux questions: “Yes”
(Tromsø2), “Much” (Tromsø6) and “Weekly” or “Daily” (Tromsø7),
corresponding to the current definition of GORD’ [2].

Risk factors

Anthropometrical measurements were performed by trained
personnel in all surveys. BMI was calculated as weight in

kilograms (kg) divided by height in meters (m) squared
(kg/m2) and defined as overweight if BMI �25 kg/m2 accord-
ing to the World Health Organization (WHO)’s definition [11].
Tobacco smoking was assessed through self-reported ques-
tionnaires using the following questions: ‘“Do you smoke cig-
arettes daily?” with response alternatives “Yes” or “No”
(Tromsø2) and “Do you smoke/have you been smoking daily?”
with the response alternatives “Yes, now”, “Yes, previously” or
“Never” (Tromsø6 and Tromsø7), of which “Yes” (Tromsø2) or
“Yes, now” (Tromsø6 and Tromsø7) was defined as current
daily smoking’.

Statistical analyses

The prevalence of GORD was assessed for each survey by sex
and 10-year age groups: 20–29 years (Tromsø2), 30–39 years
(Tromsø2 and Tromsø6), 40–49 years (Tromsø2, Tromsø6 and
Tromsø7), 50–59 years, 60–69 years, 70–79 years or above
80 years (Tromsø6 and Tromsø7). Further, multivariable logis-
tic regression models were used to examine the association
between sex (women; men), age (10-year age groups), over-
weight (BMI <25 kg/m2; BMI �25 kg/m2) and smoking
(never/previous; current) (exposures) and GORD (no; yes)
(outcome), reporting odds ratios (ORs) and 95% CIs. All anal-
yses were performed in Stata version 15.1 (StataCorp,
College Station, Texas, USA).

Ethical approval

Tromsø6 (reference 121/2006) and Tromsø7 (reference
2014/940) were approved by the Regional Ethical Committee
for Medical and Health Research Ethics North.

Results

Characteristics

In total, 14,279 (Tromsø2), 11,460 (Tromsø6) and 20,664
(Tromsø7) participants responded to the reflux questions
(Table 1). The mean BMI of the population and the

Table 1. Characteristics of the study population. The Tromsø Study 1979–2016.

Tromsø2
1979–1980

Tromsø6
2007–2008

Tromsø7
2015–2016

Participants total, no. (%) 16,621 (77.5) 12,984 (65.7) 21,083 (64.7)
Participants reporting on GORD, no. 14,279 11,460 20,664
Age in years, median (range) 34 (20–54) 58 (30–80) 57 (40–99)
Women, no. (%) 8,120 (49.0) 6,928 (53.4) 11,074 (52.5)
Women, in age groups, no. (%)
20–29 years 3,112 (38.3) . .
30–39 years 3,147 (38.8) 297 (4.3) .
40–49 years 1,860 (22.9) 1,912 (27.6) 3,378 (30.5)
50–59 years . 1,289 (18.6) 3,245 (29.3)
60–69 years . 2,107 (30.4) 2,677 (24.2)
70–79 years . 988 (14.3) 1,361 (12.3)
80þ years . 335 (4.8) 411 (3.7)

Body mass index (kg/m2), mean (sd) 23.5 (3.2) 26.9 (4.3) 27.3 (4.5)
Overweight, no. (%) 4,420 (27.3) 8,440 (65.1) 14,269 (67.9)
Smoking, no. (%)
Current 8,457 (51.0) 2,610 (20.4) 2,904 (13.9)
Previous . 5,407 (42.3) 9,250 (44.3)
Never . 4,767 (37.3) 8,733 (41.8)

GORD: gastro-oesophageal reflux disease; Overweight: body mass index �25 kg/m2; sd: standard deviation.
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prevalence of overweight increased with time and among
those 40–49 years, the proportion of overweight was 27% in
1979–1980, 65% in 2007–2008 and 68% in 2015–2016. The
prevalence of smoking decreased with time and among
those 40–49 years, the proportion was 51% in 1979–1980,
20% in 2007–2008 and 14% in 2015–2016.

Prevalence

The overall prevalence of GORD was 13% in 1979–1980, 6%
in 2007–2008 and 11% i 2015–2016 (Table 2). In the age
group 40–49 years, the prevalence was 15% in 1979–1980,
5% in 2007–2008 and 9% i 2015–2016 for both sexes
combined.

Risk factors

The risk of GORD over time was consistently higher with
overweight and current daily tobacco smoking (Table 3).
Overweight was a weaker risk factor in the first (OR 1.58,
95% CI 1.42–1.76) compared to the last (OR 2.16, 95% CI
1.94–2.41) survey, while smoking was a stronger risk factor in
the first (OR 1.45, 95% CI 1.31–1.60) compared to the last
(OR 1.14, 95% CI 1.01–2.29) survey.

Acid suppressive medication

In Tromsø7, 17% of the participants reported using acid sup-
pressive medication during the last four weeks (Table 4).
Among participants reporting GORD, 70% used acid suppres-
sive medication during the last four weeks, compared to
10% among those not reporting GORD.

Discussion

During four decades of follow-up, no clear trend in the
prevalence of GORD was found in this general Norwegian
population of adult women and men. Throughout, GORD
was clearly and consistently associated with overweight and
smoking. However, overweight became a stronger risk factor
than smoking over time.

The prevalence of GORD found in the present study is in
line with the prevalence found in comparable Western popu-
lations [3,4,12]. However, the present study could not find a
clear increase in the prevalence over time as expected. In
the population-based Trøndelag Health Study (HUNT),
Norway, the overall prevalence of GORD increased by 47%
from 11.6% in 1995–1997 to 17.1% in 2006–2009 [12]. This
increase was found for both sexes and all age groups.
However, direct comparison between the HUNT Study and
the Tromsø Study is limited, as the HUNT Study has shorter
follow-up time and only covers the decennium before
Tromsø6.

The increased risk of GORD with overweight and smoking
is in line with previous studies [4,5,13–15]. Probably, the
increased mean BMI seen over time in the population made
overweight a stronger risk factor in the later surveys. The
opposite is probably true for smoking. Globally, the pooled
OR of GORD in obese (BMI �30 kg/m2) compared to non-
obese was 1.73 (95% CI 1.46–2.06) and the pooled OR of
GORD in smokers compared to non-smokers was 1.26 (95%
CI 1.04–1.52) [4]. In the HUNT Study, BMI was dose-depend-
ently associated with new-onset GORD during 11 years fol-
low-up (OR 1.30, 95% CI 1.25–1.35, per unit increase in BMI),
irrespective of baseline BMI [5]. Moreover, current smoking
was associated with new-onset GORD (OR 1.29, 95% CI 1.00–
1.67). Interestingly, smoking cessation was also associated
with new-onset GORD, due to weight gain associated with
smoking cessation (OR 2.03, 95% CI 1.31–3.16, among

Table 2. The prevalence of gastro-oesophageal reflux disease, by survey, sex
and age. The Tromsø Study 1979–2016.

Tromsø2
1979–1980
(N¼ 14,279)

Tromsø6
2007–2008
(N¼ 11,460)

Tromsø7
2015–2016
(N¼ 20,664)

In total, no. (%) 1,883 (13.2) 650 (5.7) 2,326 (11.3)
Women, no. (%) 714 (10.1) 343 (5.7) 1,268 (11.7)
20–29 years 250 (9.2) . .
30–29 years 272 (9.9) 10 (3.7) .
40–49 years 192 (12.2) 90 (5.1) 286 (8.6)
50–59 years . 58 (5.0) 351 (11.0)
60–69 years . 127 (7.0) 366 (14.0)
70–79 years . 41 (5.3) 198 (15.1)
80þ years . 17 (7.8) 67 (17.7)

Men, no. (%) 1,169 (16.2) 307 (5.6) 1,058 (10.8)
20–29 years 291 (13.8) . .
30–39 years 444 (16.5) 8 (4.6) .
40–49 years 291 (17.7) 89 (5.8) 307 (10.2)
50–59 years 143 (18.5) 70 (6.6) 283 (10.3)
60–69 years . 90 (5.0) 290 (11.8)
70–79 years . 43 (6.0) 137 (10.7)
80þ years . 7 (4.6) 41 (12.7)

Table 3. The risk (odds ratio and 95% confidence interval) of gastro-oesopha-
geal reflux disease, by survey and risk factor. The Tromsø Study 1979–2016.

Tromsø2
1979–1980
(N¼ 14,279)

Tromsø6
2007–2008
(N¼ 11,460)

Tromsø7
2015–2016
(N¼ 20,664)

Mena 1.53 (1.38–1.70) 0.91 (0.77–1.08) 0.82 (0.75–0.89)
Age, per 10 years

increaseb
1.12 (1.06–1.19) 1.04 (0.98–1.11) 1.16 (1.11–1.20)

Overweightc 1.58 (1.42–1.76) 2.30 (1.89–2.81) 2.16 (1.94–2.41)
Smokingd 1.45 (1.31–1.60) 1.40 (1.16–1.69) 1.14 (1.01–2.29)

Overweight: body mass index (BMI) �25 kg/mb.
aAdjusted for age, BMI and smoking; women as reference.
bAdjusted for sex, BMI and smoking; youngest age group as reference.
cAdjusted for sex, age and smoking; normal weight (BMI <25 kg/mb) as
reference.
dAdjusted for sex, age and BMI; never or previous smoking as reference.

Table 4. Use of acid suppressive medication during the last four weeks, by
gastro-oesophageal reflux disease (GORD), sex and age. The Tromsø Study
2015–2016.

GORD Not GORD

In total, no. (%) 1,595 (70.0) 1,821 (10.4)
Women, no. (%) 901 (73.3) 953 (10.6)

40–49 years 201 (71.5) 199 (6.7)
50–59 years 254 (73.4) 264 (9.6)
60–69 years 265 (74.9) 282 (13.3)
70–79 years 140 (74.9) 160 (16.8)
80þ years 41 (66.1) 48 (20.3)

Men, no. (%) 694 (67.8) 876 (10.3)
40–49 years 189 (62.4) 189 (7.1)
50–59 years 193 (70.4) 228 (9.5)
60–69 years 200 (71.4) 256 (12.2)
70–79 years 88 (68.8) 165 (15.3)
80þ years 24 (63.2) 38 (15.0)
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smoking quitters with >3.5 units increase in BMI). As in the
present study, the HUNT Study showed that overweight was
a stronger risk factor for GORD than tobacco smoking.

In the present study, despite the considerable increased
prevalence of overweight in the general population over
time and the clear association with GORD, this has not trans-
lated in an increased prevalence of GORD. This could not be
explained by increase in age nor increased use of acid sup-
pressive medication.

The major strength of the present study is the use of a
population-based sample with almost 40 years of follow-up
to study the prevalence of GORD during a time-period of
considerable changes in two main risk factors, smoking and
overweight. The use of objectively measured height and
weight reduces the risk of misclassification of the most
important risk factor.

A limitation of the study is the lack of objective assess-
ment of GORD. However, in comparable epidemiologic stud-
ies, GORD is defined by self-reported questionnaires. Another
limitation is that different questions were used to assess
GORD in each survey of the Tromsø Study i.e., the three sur-
veys are not directly comparable. However, all questions
used are in line with the current Montreal definition where
GORD is defined as the presence of at least weekly reflux
symptoms. A general limitation is that participants in popula-
tion-based studies tend to be healthier than non-participants
[16]. Although not all age-groups were represented in all sur-
veys, the result of the age group 40–49 years corresponds
well with the main result and argues for a valid conclusion.
The rate of surgical management of GORD (fundoplication)
has generally been reduced over time, but information on
this in the Tromsø population is not available over the 37-
year time span of the present study, thus could not be
assessed.

In conclusion, no clear change in prevalence of GORD was
found in this general population followed for 37 years. GORD
was clearly and consistently associated with overweight and
smoking. However, overweight has become a more import-
ant risk factor than smoking over time.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Acknowledgments

We thank all participants that attended the Tromsø Study.

Funding

The author(s) reported there is no funding associated with the work fea-
tured in this article.

ORCID

Eivind Ness-Jensen http://orcid.org/0000-0001-6005-0729

References

[1] Richter JE, Rubenstein JH. Presentation and epidemiology of gas-
troesophageal reflux disease. Gastroenterology. 2018;154(2):267–
276.

[2] Vakil N, van Zanten SV, Kahrilas P, et al. The montreal definition
and classification of gastroesophageal reflux disease: a global evi-
dence-based consensus. Am J Gastroenterol. 2006;101(8):1900–
1920; quiz 1943.

[3] El-Serag HB, Sweet S, Winchester CC, et al. Update on the epi-
demiology of gastro-oesophageal reflux disease: a systematic
review. Gut. 2014;63(6):871–880.

[4] Eusebi LH, Ratnakumaran R, Yuan Y, et al. Global prevalence of,
and risk factors for, gastro-oesophageal reflux symptoms: a meta-
analysis. Gut. 2018;67(3):430–440.

[5] Hallan A, Bomme M, Hveem K, et al. Risk factors on the develop-
ment of new-onset gastroesophageal reflux symptoms. A popula-
tion-based prospective cohort study: the HUNT study. Am J
Gastroenterol. 2015;110(3):393–400; quiz 401.

[6] Asvold BO, Langhammer A, Rehn TA, et al. Cohort profile update:
the HUNT study, Norway. Int J Epidemiol. 2022;52(1):e80–e91.

[7] Lovsletten O, Jacobsen BK, Grimsgaard S, et al. Prevalence of
general and abdominal obesity in 2015–2016 and 8-year longitu-
dinal weight and waist circumference changes in adults and eld-
erly: the Tromso study. BMJ Open. 2020;10(11):e038465.

[8] Jacobsen BK, Eggen AE, Mathiesen EB, et al. Cohort profile: the
Tromso study. Int J Epidemiol. 2012;41(4):961–967.

[9] Eggen AE, Mathiesen EB, Wilsgaard T, et al. The sixth survey of
the Tromso study (tromso 6) in 2007-08: collaborative research in
the interface between clinical medicine and epidemiology: study
objectives, design, data collection procedures, and attendance in
a multipurpose population-based health survey. Scand J Public
Health. 2013;41(1):65–80.

[10] Hopstock LA, Grimsgaard S, Johansen H, et al. The seventh survey
of the Tromso study (Tromso7) 2015–2016: study design, data
collection, attendance, and prevalence of risk factors and disease
in a multipurpose population-based health survey. Scand J Public
Health. 2022;50(7):919–929.

[11] Obesity: preventing and managing the global epidemic. Report
of a WHO consultation. World Health Organ Tech Rep Ser. 2000.
894:i-xii, 1–253.

[12] Ness-Jensen E, Lindam A, Lagergren J, et al. Changes in preva-
lence, incidence and spontaneous loss of gastro-oesophageal
reflux symptoms: a prospective population-based cohort study,
the HUNT study. Gut. 2012;61(10):1390–1397.

[13] Nilsson M, Johnsen R, Ye W, et al. Obesity and estrogen as risk
factors for gastroesophageal reflux symptoms. JAMA. 2003;290(1):
66–72.

[14] Nilsson M, Johnsen R, Ye W, et al. Lifestyle related risk factors in
the aetiology of gastro-oesophageal reflux. Gut. 2004;53(12):
1730–1735.

[15] Dent J, El-Serag HB, Wallander MA, et al. Epidemiology of gastro-
oesophageal reflux disease: a systematic review. Gut. 2005;54(5):
710–717.

[16] Langhammer A, Krokstad S, Romundstad P, et al. The HUNT
study: participation is associated with survival and depends on
socioeconomic status, diseases and symptoms. BMC Med Res
Methodol. 2012;12(1):143.

4 E. NESS-JENSEN ET AL.


	Abstract
	Introduction
	Methods
	The Tromsø study
	Reflux symptoms and use of acid suppressive medication
	Risk factors
	Statistical analyses
	Ethical approval

	Results
	Characteristics
	Prevalence
	Risk factors
	Acid suppressive medication

	Discussion
	Disclosure statement
	Acknowledgments
	Funding
	Orcid
	References


