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Background

Overweight and obese persons are at increased risk for gastroesophageal reflux 
disease. An association between body-mass index (BMI) — the weight in kilograms 
divided by the square of the height in meters — and symptoms of gastroesopha-
geal reflux disease in persons of normal weight has not been demonstrated.

Methods

In 2000, we used a supplemental questionnaire to determine the frequency, sever-
ity, and duration of symptoms of gastroesophageal reflux disease among randomly 
selected participants in the Nurses’ Health Study. After categorizing women ac-
cording to BMI as measured in 1998, we used logistic-regression models to study 
the association between BMI and symptoms of gastroesophageal reflux disease.

Results

Of 10,545 women who completed the questionnaire (response rate, 86 percent), 
2310 (22 percent) reported having symptoms at least once a week, and 3419 (55 per-
cent of those who had any symptoms) described their symptoms as moderate in 
severity. We observed a dose-dependent relationship between increasing BMI and 
frequent reflux symptoms (multivariate P for trend <0.001). As compared with 
women who had a BMI of 20.0 to 22.4, the multivariate odds ratios for frequent 
symptoms were 0.67 (95 percent confidence interval, 0.48 to 0.93) for a BMI of less 
than 20.0, 1.38 (95 percent confidence interval, 1.13 to 1.67) for a BMI of 22.5 to 
24.9, 2.20 (95 percent confidence interval, 1.81 to 2.66) for a BMI of 25.0 to 27.4, 
2.43 (95 percent confidence interval, 1.96 to 3.01) for a BMI of 27.5 to 29.9, 2.92 (95 
percent confidence interval, 2.35 to 3.62) for a BMI of 30.0 to 34.9, and 2.93 (95 per-
cent confidence interval, 2.24 to 3.85) for a BMI of 35.0 or more. Even in women 
with a normal baseline BMI, an increase in BMI of more than 3.5, as compared with 
no weight changes, was associated with an increased risk of frequent symptoms of 
reflux (odds ratio, 2.80; 95 percent confidence interval, 1.63 to 4.82).

Conclusions

BMI is associated with symptoms of gastroesophageal reflux disease in both normal-
weight and overweight women. Even moderate weight gain among persons of nor-
mal weight may cause or exacerbate symptoms of reflux.
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Gastroesophageal reflux disease, 
with hallmark symptoms of heartburn 
and acid regurgitation,1 is a common dis-

order, affecting up to 60 percent of persons at 
some time during the course of a year and 20 to 
30 percent of persons at least weekly.2,3 Gastro-
esophageal ref lux disease accounts for at least 
9 million office visits to physicians in the United 
States each year and costs approximately $10 bil-
lion annually.4 Frequent or severe symptoms of 
gastroesophageal reflux disease are associated 
with time lost from work,5 impaired health-related 
quality of life,6 and esophageal adenocarcinoma,7 
further emphasizing the clinical significance of 
this entity.

Several cross-sectional studies and one meta-
analysis have demonstrated a positive association 
between elevated body-mass index (BMI) — the 
weight in kilograms divided by the square of the 
height in meters — and symptoms of gastro-
esophageal reflux disease.8-16 However, in these 
previous studies, analyses were restricted to over-
weight and obese subjects, with those who had 
a BMI of less than 24 or less than 25 serving as 
a reference group. We sought to explore more 
fully the association between BMI and symptoms 
of gastroesophageal reflux disease by determin-
ing the relative risks among a broader range of 
categories of BMI and among persons with vari-
ous degrees of frequency, severity, and duration 
of symptoms.

Me thods

The cohort of the Nurses’ Health Study was es-
tablished in 1976, when 121,700 female registered 
nurses, 30 to 55 years of age, completed a mailed 
questionnaire about risk factors for cancer and 
cardiovascular disease. Participants have subse-
quently received follow-up questionnaires every 
two years. In 2000, a supplemental questionnaire 
about gastroesophageal reflux disease was sent to 
11,080 participants with asthma and chronic ob-
structive pulmonary disease (COPD) and 11,080 
randomly selected controls. For this analysis of 
BMI, the study population consisted of 11,080 
control participants without asthma or COPD plus 
1112 randomly selected women with airway dis-
ease (to represent the percentage of the entire 
Nurses’ Health Study cohort with these condi-
tions), for a total population of 12,192 women.

The supplemental questionnaire inquired about 

the frequency, severity, and duration of heartburn 
and acid regurgitation. We defined symptoms of 
gastroesophageal reflux disease as the presence 
of heartburn, acid regurgitation, or both. Heart-
burn was defined as “a burning pain or discom-
fort behind the breast bone in your chest,” and 
acid regurgitation as “a bitter or sour-tasting fluid 
coming into your throat or mouth,” definitions 
that have been validated previously.17 The fre-
quency of symptoms was reported as none in the 
past year, less than once a month, about once a 
month, about once a week, several times a week, 
and daily. We considered symptoms occurring 
once a week or more as frequent. Severity of symp-
toms was reported as mild (“can be ignored if I 
don’t think about it”), moderate (“cannot be ig-
nored but does not affect my lifestyle”), severe 
(“affects my lifestyle”), and very severe (“markedly 
affects my lifestyle”). Participants were also asked 
for the year when their symptoms began, wheth-
er they were awakened at night by symptoms, 
and whether they were taking antacid, antisecre-
tory, or gastric-motility agents.

We determined BMI from measurements of 
height provided by participants in the 1976 
Nurses’ Health Study questionnaire and from mea-
surements of weight in the 1998 questionnaire. 
A 1980 questionnaire was used to obtain partici-
pants’ weight at the age of 18 years. Waist and 
hip measurements were self-reported in 1986. 
The smoking status and history of diabetes mel-
litus were obtained in 1976 and updated every 
two years thereafter. Use of antihypertensive and 
asthma medication was assessed with the 1998 
questionnaire. Menopausal status and use of post-
menopausal hormones were determined in 1976 
and updated every two years thereafter. Dietary 
information, including intake of coffee, tea, and 
alcohol, and information about physical activity 
were obtained in 1998. Each activity reported was 
measured in metabolic-equivalent (MET) hours 
per week. One MET represents the energy ex-
pended during one hour of rest. Self-reported 
BMI, waist and hip measurements, age at meno-
pause, dietary information, and physical activity 
have been validated previously.18,19

Women were categorized according to BMI 
(<20.0, 20.0 to 22.4, 22.5 to 24.9, 25.0 to 27.4, 
27.5 to 29.9, 30.0 to 34.9, and ≥35.0). We used 
age- and multivariate-adjusted unconditional 
logistic regression to obtain odds ratios and 95 
percent confidence intervals for the risk of re-

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission. 



T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

n engl j med 354;22 www.nejm.org june 1, 20062342

porting frequent symptoms of gastroesophageal 
reflux disease. For these analyses, women with 
a BMI of 20.0 to 22.4 served as the reference 
population. A test for trend across the categories 
of interest (e.g., BMI) was calculated by treating 
each category as an ordinal variable in the mul-
tivariate model. Potentially confounding variables 
included age; cigarette smoking (never smoked, 
former smoker, or current smoker); total daily 
activity in MET per week; total daily caloric in-
take; the number of drinks of alcohol, coffee, and 
tea per day; servings of chocolate per day; use of 
postmenopausal hormone therapy (premenopaus-
al use, never any use, former use, current use of 
estrogen only, or current use of estrogen plus 
progesterone); use of antihypertensive or asthma 
medication; and presence or absence of a history 
of diabetes.

To maximize the specificity of symptoms of 
gastroesophageal reflux disease for our primary 
analyses, we considered only participants with 
frequent symptoms and excluded women with 
symptoms less frequent than weekly. We analyzed 
the association between BMI and symptoms of 
gastroesophageal reflux disease on the basis of 
severity and duration. We performed two analy-
ses specifically to detect the presence of reverse 
causality between BMI and symptoms of gastro-
esophageal reflux disease (i.e., that reflux symp-
toms result in increased BMI). In one, we limited 
the analysis to women reporting symptoms for 
less than five years according to their BMI in 
1994 (six years before the assessment of symp-
toms). In the second analysis, we studied women 
reporting at least 10 years of symptoms and used 
their 1984 BMI (16 years before the assessment 
of symptoms). Further analyses examined the 
associations between BMI and nocturnal symp-
toms of gastroesophageal reflux disease and be-
tween the waist-to-hip ratio and such symptoms. 
The attributable risks of symptoms of gastro-
esophageal reflux disease due to adiposity were 
calculated with multivariate relative risks (in this 
case, odds ratios) with the use of the formula 
(RR − 1) ÷ RR, where RR is the relative risk, and 
with a BMI of 20.0 to 22.4 as the referent.

We evaluated the effect of weight change on 
symptoms by calculating the change in BMI be-
tween 1984 and 1998 and between age 18 and 
1998. Women with missing BMI data were ex-
cluded from the analyses. We conducted all analy-
ses with the use of SAS software (version 8.2); 

two-sided P values of less than 0.05 were consid-
ered to indicate statistical significance. The study 
was approved by the institutional review board 
of Brigham and Women’s Hospital.

R esult s

A total of 10,545 participants returned the ques-
tionnaire about gastroesophageal reflux disease 
(response rate, 86 percent). Of these, 2497 (24 per-
cent) reported having symptoms of gastroesoph-
ageal reflux disease less than once a month, 1302 
(12 percent) once a month, 986 (9 percent) once 
a week, 1027 (10 percent) several times a week, 
and 297 (3 percent) daily. Frequency was missing 
for 106 women (2 percent). Therefore, 6215 wom-
en (59 percent) had symptoms and 2310 (22 per-
cent) reported having symptoms at least once a 
week and were considered to have frequent epi-
sodes of gastroesophageal reflux disease. Of the 
women with symptoms, 3394 (55 percent) report-
ed having both heartburn and acid regurgitation. 
No heartburn or acid regurgitation was reported 
in the previous year by 4330 women (41 percent), 
but 414 of these asymptomatic women reported 
taking medications often used for symptoms of 
gastroesophageal reflux disease, such as proton-
pump inhibitors. To avoid potential misclassifi-
cation, these women were excluded from the 
analysis, leaving 3916 women who were catego-
rized as noncases.

Of the women with symptoms of gastroesoph-
ageal reflux disease, 3419 (55 percent) described 
their symptoms as moderate in severity, 2396 (39 
percent) as mild, 273 (4 percent) as severe, and 30 
(<1 percent) as very severe. Data about severity 
were missing for 97 women (2 percent). Informa-
tion about the year of onset of symptoms was 
available for only 2765 (44 percent) of the women. 
Among those who provided information about 
duration, 1180 (43 percent) had had symptoms 
of gastroesophageal reflux disease for less than 
5 years, 400 (14 percent) had had symptoms for 
5 to 9 years, and 1185 (43 percent) had had symp-
toms for at least 10 years.

Characteristics of participants with frequent 
symptoms of gastroesophageal reflux disease and 
of those without symptoms are presented in 
Table 1. Women with frequent symptoms were 
more likely than women without symptoms to 
have a higher BMI, to have used hormone ther-
apy or asthma or antihypertensive medications, 
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to have a greater daily caloric intake, and to be 
less active. At the time of the survey, women with 
gastroesophageal reflux disease were less likely 
to be current smokers but more likely to be for-
mer smokers than those without symptoms. Di-
etary factors such as the consumption of alcohol 
were similar between the two groups.

A dose-dependent relationship was observed 
between increasing BMI and frequent reflux symp-
toms in both univariate and multivariate analy-
ses (Fig. 1). This relationship continued across all 
categories of BMI, including those less than 25.0. 
Women with a BMI of 22.5 to 24.9 were approxi-
mately 40 percent more likely to report frequent 
symptoms of gastroesophageal reflux disease than 
women with a BMI of 20.0 to 22.4, whereas over-
weight and obese women (BMI, 25.0 to 30.0 and 

≥30.0, respectively) were two to three times as 
likely to report frequent symptoms. Women in 
the lowest category of BMI (<20.0) had a lower 
risk of frequent symptoms of gastroesophageal 
reflux disease than did those with a BMI of 20.0 
to 22.4 (multivariate odds ratio, 0.67; 95 percent 
confidence interval, 0.48 to 0.93).

This same trend was observed among the en-
tire population of women who had had symp-
toms of gastroesophageal reflux disease at least 
once in the past year, among women who had had 
moderate-to-very-severe symptoms several times 
a week or daily, among women who had had 
only heartburn or only acid regurgitation, and 
among women who had had nocturnal symptoms 
(P for trend <0.001 for all models; data not shown). 
Fifty-one percent of the increased risk of frequent 

Table 1. Characteristics of Women with and Women without Symptoms of Gastroesophageal Reflux Disease.*

Characteristic

Symptoms of GERD 
at Least Weekly

(N = 2310)

No Symptoms of GERD 
in the Past Year

(N = 3916)

Age (yr) 66±7 66±7

Body-mass index 27.8±5.3 25.6±5.0

Smoking status (%)

Never smoked 44 47

Former smoker 47 40 

Current smoker 6 9

Data missing 3 4

Total activity (MET/wk) 16±19 19±22

Total caloric intake (kcal/day) 1763±534 1695±523

Alcohol intake (drinks/day)† 0.3±0.7 0.4±0.8

Coffee intake (cups/day) 1.7±1.4 1.7±1.5

Tea intake (cups/day) 0.7±1.2 0.7±1.1

Chocolate (servings/day) 0.1±0.2 0.1±0.2

Hormone therapy (%)

Premenopausal use 2 3

Never any use 20 26

Former use 22 19

Current use of estrogen only 20 15

Current use of estrogen and progesterone 12 14

Missing data 24 23

Use of antihypertensive medication (%) 37 28

Use of asthma medication (%) 11 6

History of diabetes (%) 7 8

* Symptoms of gastroesophageal reflux disease were defined as heartburn, acid regurgitation, or both. GERD denotes 
gastroesophageal reflux disease, and MET metabolic equivalents. Plus–minus values are means ±SD.

† A drink was defined as one drink or shot of liquor; one glass, bottle, or can of beer; or one 4-oz (118-ml) glass of wine.
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symptoms of reflux among the entire cohort 
with a BMI of at least 20.0 was accounted for by 
excessive body weight, defined as a BMI of at 
least 22.5. For women with a BMI of 22.5 to 24.9, 
25 percent of the increased risk could be ac-
counted for by their excess weight. For women 
with a BMI of at least 25, 60 percent of the in-
creased risk could be accounted for by their ex-
cess weight.

We also examined the waist-to-hip ratio as an 
alternative measure of adiposity. We observed a 
dose–response relationship between the risk of 
reflux symptoms and increasing waist-to-hip ra-
tios (P for trend <0.001 for all models; data not 
shown) that was similar to that between symp-
toms of reflux and increasing BMI. For example, 
women in the highest quintile as compared with 
the lowest quintile of waist-to-hip ratios had a 
multivariate odds ratio of 1.88 (95 percent confi-
dence interval, 1.45 to 2.45) for reporting fre-
quent symptoms of gastroesophageal reflux dis-
ease. When BMI and the waist-to-hip ratio were 
introduced simultaneously in our model, the con-
tribution of the waist-to-hip ratio was blunted 
(odds ratio for the highest quintile as compared 

with the lowest quintile, 1.34; 95 percent confi-
dence interval, 1.02 to 1.76), whereas that for BMI 
did not change. In general, our findings from all 
analyses were similar between age-adjusted uni-
variate and multivariate models, suggesting min-
imal confounding by the other covariates tested. 
Furthermore, our findings did not vary signifi-
cantly when dietary factors such as the intake of 
citrus, onions, tomatoes, other fruits and vege-
tables, and total fat was included in our model 
(data not shown).

The relationship between BMI and symptoms 
of gastroesophageal reflux disease persisted when 
the severity of symptoms was evaluated (P for 
trend <0.001 for all models) (Table 2). As com-
pared with women with a BMI of 20.0 to 22.4, 
women with a BMI of 22.5 to 24.9 had a 36 to 
50 percent increase in the risk of having mild or 
moderate symptoms on multivariate analysis. In 
contrast, the risk of severe or very severe symp-
toms was elevated only among overweight and 
obese women (BMI, ≥25.0), although the small 
number of women reporting this degree of symp-
toms (256 women) may have prevented us from 
detecting an elevated risk among women with a 
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at least once a week and 3904 women who had no symptoms and have been adjusted for age; smoking status; total 
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cent confidence intervals.
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normal BMI. Women with a BMI of less than 
20.0 appeared to have some protection against 
symptoms of any severity, with multivariate odds 
ratios ranging from 0.55 to 0.70 (Table 2).

We found the same dose–response relation-
ships for symptoms across all categories of BMI 
regardless of the duration of symptoms (data not 
shown). When we used BMI records from 1994 
to analyze women who had had symptoms for 
less than 5 years and BMI records from 1984 for 
those who had had symptoms for at least 10 years, 
we found a similar dose–response relationship 
between BMI and the risk of symptoms of gastro-
esophageal reflux disease. As compared with 
women with a BMI of 20.0 to 22.4, women with 
a BMI of less than 20.0 had a multivariate odds 
ratio of 0.29 (95 percent confidence interval, 0.11 
to 0.73) for reporting a recent onset of frequent 
symptoms of gastroesophageal reflux disease 
(duration, <5 years), whereas those with a BMI 
of 22.5 to 24.9 had a multivariate odds ratio of 
1.46 (95 percent confidence interval, 1.07 to 1.99) 
for reporting chronic frequent symptoms (dura-
tion, at least 10 years).

To further assess the relationship between BMI 
and ref lux, we analyzed the effect of weight 
change on the risk of symptoms of gastroesoph-
ageal reflux disease. Among women who gained 
weight during the previous 14 years, a dose-depen-
dent increase in the risk of symptoms was ob-
served (Table 3). Women with an increase in BMI 
of more than 3.5 increased their risk of having 
frequent symptoms of gastroesophageal reflux 
disease by more than a factor of two. Risks were 
significantly decreased among women who lost 
weight during the same period. There was a re-
duction of nearly 40 percent in the risk of fre-
quent symptoms among women with a decrease 
in BMI of more than 3.5 as compared with wom-
en without a change in BMI (odds ratio, 0.64; 95 
percent confidence interval, 0.42 to 0.97). A simi-
lar trend was also observed when the change in 
BMI was evaluated over a longer duration — 
namely, between the reported weight of the par-
ticipants at the age of 18 years and in 1998 and 
when the analysis was restricted to women whose 
BMI in 1984 was less than 25.0 (Table 3). The 
odds ratio for frequent reflux in women whose 
BMI was less than 25.0 in 1984 but subsequent-
ly increased by more than 3.5 was 2.80 (95 per-
cent confidence interval, 1.63 to 4.82).
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Discussion

We found a strong positive association between 
BMI and symptoms of gastroesophageal reflux 
disease in a large cohort of women. This associa-
tion extended across all categories of BMI, sug-
gesting that the risk of symptoms rises with BMI 
in both normal-weight and overweight persons. 
The association was not altered significantly after 
controlling for multiple potential confounding 
variables, including smoking, the consumption of 
alcohol, the use of medications that decrease the 
pressure at the lower esophageal sphincter, dia-
betes, and dietary habits. A similar dose–response 
relationship was observed for both frequent and 
infrequent symptoms, nocturnal symptoms, and 
for all degrees of the severity and duration of 
symptoms that we studied. Moreover, weight gain 
was associated with an increased risk of symp-
toms of gastroesophageal reflux disease, and 
weight loss was associated with a decrease in risk.

Our findings augment a growing body of lit-
erature addressing the association between BMI 
and gastroesophageal reflux disease.8-16 A recent 
large meta-analysis of previous studies demon-
strated a dose–response relationship between 
BMI and the risk of reporting symptoms of gas-
troesophageal reflux disease among both men 
and women.15 However, the reference groups in 
these studies included participants with a BMI 
of less than 24 or less than 25 and, therefore, 
were unable to define the risk of symptoms of 
gastroesophageal reflux disease among normal-
weight persons. It should be noted that three 
previous studies have found no significant rela-
tionship between BMI and symptoms of gastro-
esophageal reflux disease, although these studies 
were small.14,20,21 A large telephone survey limit-
ed to people with symptoms of gastroesophageal 
reflux disease revealed a dose–response relation-
ship between quartiles of BMI and a daily fre-
quency of symptoms; however, that study lacked 
asymptomatic controls.22

Taken together, these previous studies have led 
to the assertion that overweight and obesity are 
risk factors for symptoms of gastroesophageal 
reflux disease. Our study extends those findings 
by showing that the risk of symptoms appears to 
be directly linked to BMI regardless of whether 
a person is of normal weight or is overweight. 
This suggests that moderate amounts of weight 
gain, even among normal-weight persons, may 

result in the development or exacerbation of 
symptoms of gastroesophageal reflux disease. 
This is of particular concern given recent trends 
of rising BMI in the United States among both 
adults and children.23,24

A causative mechanism for the association 
between BMI and reflux symptoms is not evident 
from our data. Adjustment for dietary factors had 
a minimal effect on our results, suggesting that 
either mechanical or hormonal factors are more 
likely to be responsible. We found that both BMI 
and the waist-to-hip ratio were associated with 
frequent symptoms of gastroesophageal reflux 
disease, but when both factors were analyzed 
simultaneously, BMI appeared to have a greater 
role in this association. The risk of symptoms 
therefore rises more with the percentage of body 
fat of a person (of which BMI is a marker) than 
with the distribution of that fat (i.e., the waist-to-
hip ratio). This may suggest that a hormonal fac-
tor related to adiposity is more important in the 
pathogenesis of symptoms of gastroesophageal 
reflux disease than are mechanical factors, al-
though probably multiple factors are responsible.

A limitation of our study is its cross-sectional 
design, which allows the possibility of reverse 
causality as an explanation of our findings. This 
seems unlikely, given that we controlled for phys-
ical activity and diet. In addition, we found simi-
lar findings in several subgroup analyses that 
examined the effect of BMI reported in the years 
before the onset of symptoms. 

Another limitation is our use of a question-
naire to define symptoms of gastroesophageal 
reflux disease. However, several studies have been 
published that demonstrate the validity and reli-
ability of these questions in identifying cases of 
gastroesophageal reflux disease.2,3,8-10,17 Also, 
symptoms assessed by questionnaire have been 
correlated with objective complications of gastro-
esophageal reflux disease, such as esophagitis 
and esophageal adenocarcinoma.7,25 Furthermore, 
to improve our specificity for gastroesophageal 
reflux disease, we restricted our primary analy-
sis to women who reported at least weekly symp-
toms. Our study was limited to women; there-
fore, we are unable to comment on the association 
between BMI and symptoms of gastroesopha-
geal reflux disease among men.

In summary, our findings suggest that the 
risk of symptoms of gastroesophageal reflux dis-
ease rises progressively with increasing BMI, even 
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among normal-weight persons. This seems true 
for all degrees of severity and duration of symp-
toms, as well as for nocturnal symptoms. Nota-
bly, weight loss was associated with a decreased 
risk of symptoms. Our findings have important 
implications for future studies, since even mod-
erate weight gain may cause or exacerbate symp-
toms of gastroesophageal reflux disease.
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