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Abstract
Background—There is a widespread no-
tion that obesity leads to gastro-
oesophageal reflux but scientific evidence
of an association is limited and inconsist-
ent.
Aims—To estimate the strength of the
association between body mass and reflux
symptoms, we performed a population
based cross sectional interview study.
Subjects—Population based, randomly se-
lected, middle aged or elderly persons in
Sweden in 1995–1997.
Methods—At face-to-face interviews we
asked a stratified sample of Swedes about
body measures and occurrence of reflux
symptoms. Odds ratios (OR) with 95%
confidence intervals (CI), calculated by
logistic regression with multivariate ad-
justments for covariates, were the meas-
ures of association.
Results—Reflux symptoms occurring at
least once a week more than five years
before the interview were reported by 135
(16%) of the 820 interviewees. Among
those who had ever been overweight
during adulthood (body mass index (BMI)
>25 kg/m2), the OR of having recurrent
reflux symptoms was 0.99 (95% CI 0.66–
1.47) compared with those who were never
overweight. There was no association
between BMI at age 20, BMI 20 years
before the interview, or maximum adult
BMI and occurrence of reflux symptoms:
ORs per unit increase in BMI were 1.00
(95% CI 0.93–1.09), 1.03 (95% CI 0.96–
1.10), and 1.01 (95% CI=0.95 1.07), respec-
tively. There was no association between
BMI and severity or duration of reflux
symptoms.
Conclusions—Gastro-oesophageal reflux
symptoms occur independently of body
mass index. Weight reduction may not be
justifiable as an antireflux therapy.
(Gut 2000;47:26–29)
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There is a widespread notion that obese
persons are more likely to develop gastro-
oesophageal reflux disease than leaner subjects,
and obese patients who seek medical care for
symptoms suggestive of reflux are often recom-
mended by clinicians to reduce their body
weight to relieve the symptoms. However, the
scientific basis of a positive association between

reflux and overweight is surprisingly weak. To
our knowledge there are no published investi-
gations in which a rigorous epidemiological
approach has been used to address this
question. In two previous studies a positive
association was found between body weight
and endoscopically detected reflux
oesophagitis,1 2 and in two studies there was a
moderately strong association between reflux
symptoms and obesity.3 4 In one study in which
reflux was assessed by pH measurements, no
diVerence in the occurrence of reflux was
observed between massively obese patients and
control subjects of normal weight.5 Because of
the preconceptions among doctors, overweight
may be linked to the likelihood that a patient
with reflux symptoms is referred for endoscopy
or pH monitoring. Therefore, an epidemiologi-
cal approach among non-patients is preferable.

It is of obvious clinical importance to estab-
lish if there is an association between body
mass and gastro-oesophageal reflux. A true
strong positive association would strengthen
the role of weight reduction as an important
part of antireflux treatment in overweight
patients while such a strategy is likely to be
unsuccessful if the association is weak or
absent. Heartburn and regurgitation are con-
sidered reasonably accurate markers of gastro-
oesophageal reflux disease.6–10 We investigated
the association between symptoms of reflux
and body mass index (BMI) in a population
based study, with adjustment for suspected
confounding variables.

Methods
DESIGN

We have conducted a nationwide case control
study in Sweden with the primary aim of iden-
tifying risk factors for adenocarcinoma of the
oesophagus and gastric cardia.11 From this case
control study we selected the population based
control subjects for the present cross sectional
analysis. Subjects were randomly selected from
10 year age and sex strata in the entire Swedish
population using the continuously updated
computerised population register, and were
frequency matched so that their age and sex
distributions resembled those of the cancer
cases. Subjects were less than 80 years of age,
were born in Sweden, and were living in this
country during the study period (1 December
1994 to 31 December 1997).

Abbreviations used in this paper: BMI, body mass
index; OR, odds ratio; CI, confidence interval.
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DATA COLLECTION

All subjects underwent computer aided face-
to-face interviews by specially trained profes-
sional interviewers from Statistics Sweden. We
collected information on average adult height,
maximum adult weight, weight at age 20, and
weight 20 years before the interview. Body
mass index (BMI), a validated measure of body
mass independent of height,12 was calculated as
body weight divided by the square of body
height in metres (kg/m2). Furthermore, sub-
jects were asked about their lifetime history of
recurrent heartburn or regurgitation which are
the main symptoms of reflux,6 but symptoms
occurring during the most recent five years
before the interview were not included. Reflux
was defined as recurrent heartburn or regurgi-
tation occurring at least once a week for a
period of no less than one year. Those who
reported recurrent reflux symptoms were
questioned about symptom duration (number
of years), symptom frequency (number of epi-
sodes per year/month/week/day), and timing of
symptoms (nightly occurrence or not). Finally,
we collected detailed information on potential
confounding factors which were categorised as
follows: age (in five year groups), sex (male/
female), tobacco smoking (non-smokers,
former smokers, and current smokers of
cigarettes, cigars, and pipes), alcohol use
(grams of pure alcohol per week with respond-
ents categorised into four classes), meal sizes
(with respondents categorised into three
classes), and physical activity during leisure
time and at work (with respondents categorised
into four classes).

STATISTICAL ANALYSES

The relation between the explanatory BMI
variables and the dependent dichotomous
reflux variable was modelled using logistic
regression, estimated by the maximum likeli-
hood method.13 The basic beta parameters (â)
of this model and their standard errors (SE)
were converted into odds ratios (OR) and 95%
confidence intervals (CI). In analyses of
categorised BMI data, the cut oV points were
based on the WHO classification of overweight
and obesity.14 A BMI value >25–30 represents
overweight and BMI >30 indicates obesity.
Thus a BMI value <25 is regarded as normal.
For quantitative dependent variables such as
duration of reflux symptoms, we used linear
regression estimated by ordinary least squares.
To allow for non-linear relations, BMI was
divided into classes and each class was entered
into the model as a dummy variable (1 or 0).
Hence the parameter shows to what extent
individuals in the higher BMI category on
average diVer from individuals in the reference
category (BMI <25) with regard to the
dependent variable. In the baseline model,
adjustments were made for age and sex, while
in the multivariate analyses we adjusted for all
six covariates listed above.

ETHICS

The study was approved by all regional ethics
committees in Sweden. Informed consent was

obtained from all participants prior to the
interview.

Results
Among the selected 1128 population based
subjects, 820 (73%) participated in the inter-
view. Non-participation was due to unwilling-
ness in 210 (19%), physical or mental disorders
prohibiting an interview in 70 (6%), and incor-
rect addresses in 28 (2%). The interviewers
deemed the quality of the answers about reflux
symptoms and body measures to be uncertain
in three (0.4%) and 15 (2%) respondents,
respectively. Subject characteristics of the 135
(16%) who reported recurrent reflux symp-
toms were compared with those of the 685
individuals who did not. There were no diVer-
ences in the frequency of tobacco smoking or
alcohol consumption between these groups,
and age and sex distributions were similar
(table 1).

We analysed maximum adult BMI, BMI 20
years before the interview, and BMI at age 20
as explanatory variables. As true obesity was
rare at age 20 and 20 years before the interview,
we combined overweight and obesity in the
analyses of these two BMI variables. We found
no statistically significant associations between
overweight and/or obesity and gastro-
oesophageal reflux in the analyses of any of the
three BMI variables. All point estimates were
close to unity (table 2). Among those who had
ever been overweight or obese (BMI >25), the
adjusted OR was 0.99 (95% CI 0.66–1.47)
compared with those who had never been
overweight. Analyses with the BMI variables in
continuous forms confirmed the absence of
any tendency towards an association (table 2).
Multivariate adjustments for potential con-
founding factors did not substantially alter any
of the age or sex adjusted estimates (table 2).

To determine if increasing severity of reflux
symptoms was associated with BMI, we
constructed a symptom severity score.11 This
score included: (1) symptom characteristics
(heartburn only, 1 point; regurgitation only, 1
point; heartburn and regurgitation combined
1.5 points); (2) occurrence of nightly symp-
toms (yes, 2 points; no, 0 points); and (3)
symptom frequency (once a week, 0 points; 2–6
times/week, 1 point; 7–15 times/week, 2 points;
>15 times/week, 3 points). These points were
summed to produce a total symptom score for
each of the 135 individuals with recurrent

Table 1 Characteristics of subjects by reflux symptom
status

Reflux symptoms at least once
a week for 1 y or more

Yes No

n 135 685
Median age (y) 70 68
Mean age (y) 66 66
No of males (%) 118 (87%) 561 (82%)
Ever tobacco smokers* 83 (61%) 412 (60%)
High alcohol consumption† 26 (19%) 152 (22%)

*Tobacco smoking status included cigarette, cigar, and pipe
smoking and the status two years before the interview was
assessed.
†High alcohol consumption was defined as more than 70 g of
pure alcohol per week.
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symptoms of reflux. The sum, ranging from 1
to 6.5 points, was the dependent variable in
linear regression models restricted to the 135
individuals with reflux symptoms. No signifi-
cant associations or trends were found between
overweight or obesity and increasing severity
scores (table 3). This lack of association was
evident for all three BMI variables. Multivari-
ate adjustments did not change the â parameter
estimates. Hence the symptoms in those with a
high BMI were no worse than those in lighter
subjects. Moreover, there was no significant
association between BMI and reflux symptom
duration (data not shown).

Discussion
Our population based cross sectional study
revealed no evidence of an association between
BMI and gastro-oesophageal reflux symptoms.
Compared with the leanest, obese subjects had
no greater propensity for reflux symptoms. Nor
did they have more severe reflux or a longer
reflux duration than thinner subjects.

Our findings are consistent with the results
of two previous studies in massively obese sub-
jects; one showed no diVerences in oesophageal
pH compared with normal weight subjects5

and the other found no improvement in reflux
symptoms or oesophageal pH after weight
reduction.15 Our results are in conflict with two
case series consisting of patients referred for
gastroscopy.1 2 In these investigations the aver-
age BMI was significantly higher among
patients with reflux oesophagitis than in those
without. However, given the widespread view
of a link between BMI and reflux, doctors may
have perceived the symptoms as a natural con-
sequence of obesity. Therefore, obese subjects
may first have been recommended to decrease
their body weight while thinner subjects could
have been referred for gastroscopy more read-
ily and included in the studies. Hence, for
selection for endoscopy, obese patients may
have had more severe reflux symptoms and a
higher prevalence of oesophagitis compared
with thinner subjects. Detection bias on the
part of the endoscopists is also a possibility. In
two studies in uninvestigated subjects there was
a positive association between obesity and the
occurrence of reflux symptoms3 4 but no
adjustments were made for potential con-
founding factors. It is possible that the positive
associations previously reported were simply
the results of confounding.

There is no generally agreed standard on
how to define or measure the occurrence of
gastro-oesophageal reflux disease. Both endo-
scopy and 24 hour pH monitoring have signifi-
cant limitations. Only about one third of
patients with reflux disease have endoscopically
detectable signs of reflux.16 The specificity of
endoscopic low grade oesophagitis may also be
less than ideal. pH measurements in non-
oesophagitis cases are limited by ambiguity
with regard to appropriate cut oV points
between disease and normality, in turn due to
lack of a gold standard comparison in these
cases.17 As reflux symptoms are considered to
be reliable and valid indices of gastro-
oesophageal reflux disease,6–10 analysis of the
main symptoms, heartburn and regurgitation,
is probably the most useful method for
diagnosing this condition.16 However, misclas-
sification of this condition might have driven
our measures of association spuriously towards
the null. However, lack of association in any of
our analyses, including those of symptom
severity, argues against an important relation.

There is a risk of under reporting of reflux
symptoms in our study if the use of antireflux
medication concealed the symptoms eVec-
tively. Among the study subjects, however, all
who reported regular use of antireflux medi-
cation also reported reflux symptoms occur-
ring often enough to be included among the
reflux patients. In the adult US population, the
proportion of individuals with reflux symptoms
occurring at least once a week has been
estimated to be 15–20%.18 19 This value is in
agreement with our study, where the corre-
sponding proportion was 16%. This conform-
ity seems to indicate good validity of our reflux
symptom data and that our randomly selected

Table 2 Association of body mass index (BMI)* at the time of maximum adult weight,
20 years before the interview, and at age 20, with risk of gastro-oesophageal reflux†. Age
and sex adjusted, and multivariately‡ adjusted odds ratios (OR) and 95% confidence
intervals (CI)

No with/
without reflux

Age and sex adjusted
OR (95% CI)

Multivariately
adjusted OR
(95% CI)

Maximum BMI
BMI <25 50/250 1.00 (reference) 1.00 (reference)
BMI 25–30 (overweight) 63/328 0.94 (0.62–1.42) 0.95 (0.62–1.44)
BMI >30 (obesity) 22/103 1.06 (0.61–1.86) 1.13 (0.64–2.01)
BMI as continuous variable 135/685 1.00 (0.95–1.06)§ 1.01 (0.95–1.07)§

BMI 20 years before interview
BMI <25 94/479 1.00 (reference) 1.00 (reference)
BMI >25 (overweight or obesity) 41/202 0.98 (0.65–1.49) 1.01 (0.67–1.54)
BMI as continuous variable 135/685 1.02 (0.95–1.09)§ 1.03 (0.96–1.10)§

BMI at age 20
BMI <25 125/598 1.00 (reference) 1.00 (reference)
BMI >25 (overweight or obesity) 10/83 0.55 (0.27–1.09) 0.54 (0.27–1.09)
BMI as continuous variable 135/685 1.00 (0.93–1.08)§ 1.00 (0.93–1.09)§

*Body mass index was calculated as body weight divided by the square of body height in metres
(kg/m2).
†Gastro-oesophageal reflux was defined as recurrent and regular heartburn and/or regurgitation
occurring at least once a week.
‡Adjustments were made for age, sex, tobacco smoking, alcohol use, meal sizes, and physical
activity.
§Odds ratio per unit increase in BMI.

Table 3 Association between body mass index (BMI)* levels at three diVerent time points
in life and severity of reflux symptoms† analysed in continuous form among 135
individuals with reflux symptoms

Age and sex adjusted Multivariately‡ adjusted

â SE (â) p â SE (â) p

Maximum adult BMI
BMI <25 0.0 (reference) 0.0 (reference)
BMI 25–30 (overweight) −0.06 0.10 0.58 −0.06 0.11 0.56
BMI >30 (obesity) −0.03 0.14 0.84 −0.02 0.15 0.90

BMI 20 years before interview
BMI <25 0.0 (reference) 0.0 (reference)
BMI >25 (overweight or
obesity)

−0.05 0.10 0.62 −0.05 0.11 0.65

BMI at age 20
BMI <25 0.0 (reference) 0.0 (reference)
BMI >25 (overweight or
obesity)

−0.27 0.15 0.07 −0.27 0.15 0.07

*Body mass index was calculated as body weight divided by the square of body height in metres
(kg/m2).
†Severity of gastro-oesophageal reflux was defined according to a reflux score The score included
symptom characteristics (heartburn only, 1 point; regurgitation only, 1 point; heartburn and
regurgitation combined, 1.5 points), nightly symptoms (yes, 2 points), and symptom frequency
(once a week, 0 points; 2–6 times/week, 1 point; 7–16 times/week, 2 points; >16 times/week,
3 points).
‡Adjustments were made for age, sex, tobacco smoking, alcohol use, meal sizes, and physical
activity.
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subjects are well representative of the popula-
tion at large.

In a cross sectional analysis, the possibility of
reversed causality (weight reduction because of
obesity) needs to be considered. Subjects with
obesity induced reflux may have been recom-
mended by doctors or lay friends to lose
weight. Furthermore, the presence of severe
symptoms could theoretically have led to invol-
untary caloric restrictions. However, the avail-
ability of information on BMI at several points
in time, including at age 20, and the absence of
association with occurrence of reflux for any of
these BMI values, allay our concerns that a true
association with reflux was cancelled by diVer-
ential weight reduction.

The subjects in our study were frequency
matched for age and sex to patients with
oesophageal cancer in the nationwide case
control study.11 Therefore, our subjects were
recruited mainly from the male Swedish popu-
lation and predominantly from older age strata.
As they were randomly selected from the strata,
well defined owing to the continuously updated
Swedish population register, the internal valid-
ity of our study should not have been aVected
by this restriction with regard to age and sex.
However, inference to other populations than
men above 50 years should be drawn with some
caution.

It is unlikely that we had a diVerential loss of
obese persons with reflux symptoms willing to
undergo the interview. Nevertheless, with a
non-participation rate of 27% it was important
to identify potential selection bias. We con-
ducted a separate analysis of a group of 24
control subjects who had refused participation
but at a later stage were persuaded to enter the
study. This small group could be considered a
sample group of the non-participating control
subjects. Although lacking in precision, this
analysis revealed that the distributions of BMI
(at all three time points analysed), reflux symp-
toms, and all of the confounding variables were
strikingly similar in the sample group com-
pared with those in the total group (data not
shown), indicating absence of important selec-
tion bias.

The confidence intervals of our estimates
were relatively narrow, and the point estimates
were reassuringly close to unity in all separate
analyses. Furthermore, no dose-response as-
sociation was found between overweight and
increasing severity or duration of reflux symp-
toms. Hence chance is an unlikely explanation
for the lack of association found in this study.

Our data were adjusted for age, sex,
smoking, alcohol use, meal sizes, and physical
activity. The age and sex adjusted estimates
remained almost unchanged after inclusion of
the other four covariates in the multivariate

analysis, indicating that there was no con-
founding of importance from these factors.

In view of recent revelations of serious long
term consequences of symptomatic reflux
disease,11 there is a need for simple methods for
preventing reflux. Although our data seem to
indicate that weight reduction might not lead
to the desired reflux control, it may still be
beneficial. It was recently shown that obesity
per se is a strong risk factor for adenocarci-
noma of the oesophagus and gastric cardia,
independent of reflux.20 But weight reduction
may not be an adequate substitute for medical
or surgical treatment if control of symptoms is
the primary goal.
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