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Abstract

Background—Overweight and obese individuals are at increased risk for gastroesophageal reflux
disease (GERD). An association between body mass index (BMI) and GERD symptoms among
normal weight individuals has not been demonstrated.

Methods—In 2000, a supplemental questionnaire was used to determine the frequency, severity,
and duration of GERD symptoms among randomly-selected participants of the Nurses’ Health Study.
After categorizing women by BMI as measured in 1998, we used logistic regression models to study
the association between BMI and GERD symptoms.

Results—Among 10,545 women who completed the questionnaire (86% response rate), 2,310
(22%) reported experiencing symptoms at least once a week (55% of whom 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). Compared to women with BMI 20-22.49
kg/m2, the multivariate odds ratios (ORs) were 1.38 (95% CI 1.13-1.67) for BMI 22.5-24.9; 2.20
(95% CI 1.81-2.66) for BMI 25-27.4; 2.43 (95% CI 1.96-3.01) for BMI 27.5-29.9; 2.92 (95% CI
2.35-3.62) for BMI 30-34.9, 2.93 (95% CI 2.24-3.85) for BMI >35, and 0.67 (95% CI 0.48-0.93)
for BMI <20. Even among women with normal baseline BMI, weight gain between 1984 and 1998
was associated with increased risk of frequent reflux symptoms (OR 2.8 (95% CI 1.63-4.82) for BMI
increase >3.5).

Conclusion—BMI is associated with GERD symptoms in both normal weight and overweight
individuals. Our findings suggest that even modest weight gain among normal weight individuals
may cause or exacerbate reflux symptoms.

Gastroesophageal reflux disease (GERD), with hallmark symptoms of heartburn and acid
regurgitation,! is a common disorder, affecting up to 60% of individuals at some time during
the course of a year and 20%-30% of individuals at least weekly.23 GERD accounts for at
least 9 million physician office visits in the United States each year and costs approximately
$10 billion annually.* Frequent or severe GERD symptoms are associated with work loss,®
impaired health-related quality of life,® and esophageal adenocarcinoma,’ further emphasizing
the clinical significance of this entity.
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Several cross-sectional studies and one meta-analysis have demonstrated a positive association
between elevated body mass index (BMI) and GERD symptoms.8=16 However, in these prior
studies, analyses were restricted to overweight and obese subjects using those with a BMI <24
or 25 kg/m? as a reference group. We sought to more fully explore the association between
BMI and GERD symptoms by determining the relative risks among a broader range of BMI
categories and among persons with varying degrees of symptom frequency, severity and
duration.

The Nurses’ Health Study (NHS) cohort was established in 1976 when 121,700 female
registered nurses, aged 30 to 55 years, completed a mailed questionnaire about risk factors for
cancer and cardiovascular disease. Participants have subsequently received follow-up
questionnaires every two years. In 2000, a supplemental GERD questionnaire was sent to
11,080 participants with asthma and chronic obstructive pulmonary disease (COPD) and
11,080 randomly selected controls. For this BMI analysis, the study population consisted only
of the control participants without asthma or COPD plus an additional 1,112 randomly selected
airway disease cases (to represent the appropriate percentage of the entire NHS cohort with
these conditions) 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 GERD symptoms as the presence of either
heartburn or acid regurgitation. Heartburn was defined as “a burning pain or discomfort behind
the breast bone in your chest” and acid regurgitation was defined as “a bitter or sour-tasting
fluid coming into your throat or mouth,” definitions that have been validated previously.1”
Symptom frequency was reported as: none in the last 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 aweek or more as “frequent.” Severity of symptoms was reported as mild (“can
be ignored if | don’t think about it”), moderate (“cannot be ignored, 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, if they were awakened
at night by symptoms, or if they were taking specific antacid, anti-secretory or promotility
agents.

We determined BMI (kg/m?2) from measurements provided by participants on the baseline
(height) and 1998 (weight) NHS questionnaires. Weight at age 18 was asked in 1980. Waist
and hip measurements were obtained by self-report in 1986. Smoking status and history of
diabetes mellitus was obtained in 1976 and updated biennially thereafter. Anti-hypertensive
and asthma medication use was assessed using the 1998 questionnaire. Menopausal status and
post-menopausal hormone (PMH) use were first determined in 1976 and updated biennially.
Dietary information, including coffee, tea and alcohol intakes, and information about physical
activity were obtained in 1998. Each activity reported was converted to metabolic equivalent
hours (METS) per week. One MET is equivalent to the energy expended during one hour of
rest. Self-reported BMI, waist and hip measurements, age at menopause, dietary information,
and physical activity have been validated previously. 18-19

Women were categorized according to BMI (<20, 20-22.49, 22.5-24.9, 25-27.49, 27.5-29.99,
30-34.9, and 35+). We used age- and multivariate-adjusted unconditional logistic regression
to obtain odds ratios and 95% confidence intervals for the risk of reporting frequent GERD
symptoms. For these analyses, women with BMI 20-22.49 served as the reference population.
Testing for a linear trend in the association between BMI and GERD symptoms was
accomplished using a multivariate model treating categorical variables as continuous.
Potentially confounding variables included age; cigarette smoking history (never, past,
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current); total daily activity in METs/week; total daily caloric intake; alcohol, coffee, and tea
intake in drinks; chocolate in servings/day; use of post-menopausal hormone therapy (pre-
menopausal, never, past, current estrogen only, current estrogen plus progesterone); use of
antihypertensive and asthma medication; and a history of diabetes.

To maximize the specificity of GERD symptoms for our primary analyses we considered only
participants with frequent symptoms as cases, excluding women with less than weekly
symptoms. We analyzed the association between BMI and GERD symptoms based upon
severity and duration. We performed two analyses specifically to detect the presence of reverse
causality between BMI and GERD symptoms (e.g. that reflux symptoms result in increased
BMI). In one, we limited the analysis to women reporting symptoms of less than five years
duration using their 1994 BMI (six years before symptom assessment). In the second analysis,
we studied women reporting 10+ years of symptoms using their 1984 BMI (16 years before
symptom assessment). Further analyses examined the association between BMI and nocturnal
GERD symptoms and between waist-to-hip ratio and GERD symptoms. The attributable risks
of GERD symptoms due to adiposity were calculated with multivariate relative risks (in this
case odds ratios) using the formula [(RR—1)/RR] and BMI of 20.0-22.4 as the referent.

We evaluated the effect of weight change on symptoms by calculating the change in BMI units
between 1984 and 1998 and between age 18 and 1998. Women with missing BMI data were
excluded from analyses. We conducted all analyses using SAS version 8.2 (SAS Institute Inc,
Cary, NC); two-sided P values <.05 were considered significant. The study was approved by
the Brigham and Women’s Hospital Institutional Review Board.

A total of 10,545 participants returned the GERD questionnaire (86% response rate). Among
these, 2,497 (24%) reported GERD symptoms less than once a month, 1,302 (12%) once a
month, 986 (9%) once a week, 1,027 (10%) several times a week, and 297 (3%) daily.
Therefore, 2,310 (22%) women reported symptoms at least once a week (frequent GERD
cases). There were 3,394 women who reported experiencing both heartburn and acid
regurgitation (55% of those with symptoms). Although 4,330 (41%) women reported having
no heartburn or acid regurgitation in the previous year, 414 of these asymptomatic women also
reported taking medications often used for GERD symptoms, such as proton pump inhibitors.
To avoid potential misclassification, these women were excluded from the analysis, leaving
3,916 women who were considered as non-cases.

Among those with GERD symptoms, the majority (3,419; 55%) described their symptoms as
moderate in severity, while 2,396 (39%) described their symptoms as mild, 273 (4%) described
their symptoms as severe, and 30 (0.5%) described their symptoms as very severe. Data about
severity was missing for 97 (1.5%) women. Information about the year of onset of symptoms
was available for only 45% of the cases. Among those who provided duration information,
1,180 (43%) had GERD symptoms for less than five years, 400 (14%) had symptoms for five
t0 9.99 years, and 1,185 (43%) had symptoms for 10 or more years.

Characteristics of participants with frequent GERD symptoms and those without symptoms
are presented in Table 1. Women with frequent GERD were more likely to have a higher BMI;
to have used hormone therapy, asthma or anti-hypertensive medications; to have greater daily
caloric intakes; and to perform less physical activity. At the time of the survey, women with
GERD were less likely to be active smokers, but more likely to be former smokers. Other
dietary factors, including alcohol consumption, were similar between the two groups.

A dose-dependent relationship was observed between increasing BMI and frequent reflux
symptoms in both univariate and multivariate analyses (Figure 1). This relationship continued
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across all categories of BMI including those <25 kg/m2. Women with a BMI of 22.5-24.9 were
approximately 40% more likely to report frequent GERD symptoms than women with BMI
20-22.49, while overweight (BMI 25-30) and obese (BMI>30) women were two to three times
as likely to report frequent symptoms. Women in the lowest BMI category (<20) had less risk
for frequent GERD symptoms than those with BMI 20-22.49 (multivariate OR 0.67; 95% CI
0.48-0.93).

This same trend was observed among the entire population of women experiencing GERD
symptoms at least once in the last year, among women reporting moderate to very severe
symptoms several times a week or daily, those experiencing only heartburn or only acid
regurgitation, and those experiencing nocturnal symptoms (all P for trend <0.001; data not
shown). We found that, of the overall prevalence of frequent reflux symptoms among the entire
cohort with BMI 20 or greater, 51% was accounted for by excessive body weight, defined as
a BMI of 22.5 or higher. For women with a BMI of 22.5-24.9, 25% of their increased risk
could be accounted for by their excess weight. For women with a BMI >25, 60% of their
increased risk could be accounted for by their excess weight.

We also examined the influence of waist-to-hip ratio (W:H), assessed in 1986, as an alternative
measure of adiposity. We observed a similar dose-response trend in risk of reflux symptoms
(all P for trend <0.001; data not shown). For example, compared to those in the lowest W:H
quintile, women in the highest quintile had a multivariate OR of 1.88 (95% CI 1.45-2.45) for
reporting frequent GERD symptoms. When BMI and W:H were introduced simultaneously in
our model, the contribution of W:H was blunted (OR for the highest quintile 1.34; 95% CI
1.02-1.76) while that for BMI did not change. In general, our findings from all analyses were
similar between age-adjusted univariate and multivariate models, suggesting minimal
confounding by the other covariates tested. Furthermore, our findings did not vary significantly
when other dietary factors such as citrus, onions, tomatoes, total fat, fruits, and vegetables were
included in our model (data not shown).

The relationship between BMI and GERD symptoms persisted when various degrees of
severity of symptoms were evaluated (all P for trend <0.001; Table 2). Compared to women
with BMI 20-22.49, women with BMI 22.5-24.9 had a 36% to 50% increase in risk for
experiencing mild and moderate symptoms. In contrast, the risk of severe or very severe
symptoms was elevated only among overweight women (BMI >25), although smaller numbers
of women reporting this degree of symptoms (n=256) may have prevented us from detecting
an elevated risk among women with normal BMI. Women with BMI <20 appeared to have
some protection against symptoms of all degrees of severity with multivariate OR’s ranging
from 0.55 to 0.70 (Table 2).

We found the same dose-response trends for symptoms across all categories of BMI regardless
of symptom duration (data not shown). When we performed analyses using BMI from 1994
for those with less than five years of symptoms and BMI from 1984 for those with 10+ years
of symptoms, we found a similar dose-response trend in risk of GERD symptoms. Compared
to women with BMI 20.0-22.49, women with BMI <20 had a multivariate OR of 0.29 (95%
C10.11-0.73) for reporting a recent onset (<5 years) of frequent GERD symptoms, while those
with BMI 22.5-24.9 had a multivariate OR of 1.46 (95% CI 1.07-1.99) for reporting chronic
(10+ years) frequent GERD symptoms.

To further assess the relationship between BMI and reflux we analyzed the effect of weight
change on the risk of experiencing GERD symptoms. Among women who experienced a gain
in weight over the previous 14 years, a dose-dependent increase in risk of symptoms was
observed (Table 3). Those women with a rise in BMI of over 3.5 kg/m? more than doubled
their risk of having frequent GERD symptoms. However risks were significantly decreased
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among women who lost weight during the same time period, with a nearly 40% reduction in
risk of frequent GERD symptoms among those with a decrease in BMI of more than 3.5 kg/
m?2 (O.R. 0.64; 95% CI 0.42-0.97 compared to women without a change in BMI). A similar
trend was also observed when considering change in BMI over a longer duration, namely
between participants’ reported weight at age 18 and 1998 and when the analysis was restricted
to women whose BMI in 1984 was <25 (Table 3). The O.R. for frequent reflux in women
whose BMI was <25 kg/m? in 1984 but subsequently increased by >3.5 kg/m? was 2.8 (1.63—
4.82).

DISCUSSION

We found a strong positive association between BMI and GERD symptoms among a large
cohort of women. This association extended across all categories of BMI, suggesting that the
risk of symptoms rises with BMI among both normal weight and overweight individuals. This
association was not significantly altered after controlling for multiple potential confounders,
including cigarette use, alcohol consumption, use of medications that decrease the lower
esophageal sphincter pressure, diabetes, and dietary habits. A similar dose-response trend was
observed for both frequent and infrequent symptoms, nocturnal symptoms, and for all degrees
of symptom severity and duration studied. Moreover, while weight gain was associated with
an increased risk of GERD symptoms, weight loss was associated with a decrease in risk.

Our findings add to a growing body of literature addressing the association between BMI and
GERD.8716 A recent large meta-analysis of prior studies demonstrated a dose-response trend
between BMI and risk of reporting GERD symptoms in both men and women.1® However, the
reference groups in these studies contained participants with a BMI <24 or 25 and therefore
were unable to define the risk of GERD symptoms among normal weight individuals. It should
be noted that three prior studies have found no significant relationship between BMI and GERD
symptoms, although these studies were small.14:20:21 A |arge telephone survey limited to
people with GERD symptoms revealed a dose-response relationship between quartiles of BMI
and a daily frequency of symptoms, however, that study lacked asymptomatic controls.22

Taken together, these prior studies have led to the assertion that overweight and obesity are
risk factors for GERD symptoms. Our study extends those findings; specifically, that the risk
for GERD symptoms appears to be directly linked to BMI regardless of whether an individual
is of normal weight or overweight. This suggests that modest amounts of weight gain, even
among normal weight individuals, may result in the development or exacerbation of GERD
symptoms. This is particularly concerning given recent population trends in 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 minimal effect on our results, suggesting that
either mechanical or hormonal factors are more likely to be responsible. We found that while
both BMI and W:H ratio were associated with frequent GERD symptoms, when both factors
were analyzed simultaneously, BMI appeared to be more responsible for this association. The
risk of GERD symptoms therefore rises more with a person’s percent body fat (of which BMI
is a marker) than with the distribution of that fat (W:H ratio). This may suggest that a hormonal
factor related to adiposity is more important in the pathogenesis of GERD symptoms than
mechanical factors, although there are likely multiple factors responsible.

A limitation of our study is its cross-sectional design, which does not eliminate the possibility
of reverse-causality to explain our findings. This seems unlikely given that we controlled for
physical activity and diet. In addition, we found similar findings in several subset analyses
examining the effect of BMI reported in years prior to symptom onset. Another limitation is
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our use of a questionnaire to define GERD symptoms. However, there have now been several
studies published demonstrating the validity and reliability of using these questions to identify
cases of gastroesophageal reflux.2: 3: 8-10, 17| addition, symptoms assessed by questionnaire
have also been correlated with objective complications of GERD such as esophagitis and
esophageal adenocarcinoma.” 25 In addition, we restricted our primary analysis to women
reporting at least weekly symptoms in order to improve our specificity for GERD. Our study
was limited to women, therefore we are unable to comment on the association between BMI
and GERD symptoms among men.

In summary, our findings suggest that, beyond being overweight or obese, the risk of GERD
symptoms rises progressively with increasing BMI, even among normal weight individuals.
This appears true for all degrees of symptom severity and duration, as well as for nocturnal
symptoms. Notably, weight loss was associated with a decreased risk of symptoms. Our
findings have important implications for future studies, as even modest weight gain may cause
or exacerbate symptoms of GERD.
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GERD symptoms were defined as heartburn (“a burning pain or discomfort behind the breast
bone in your chest”) and/or acid regurgitation (“a bitter or sour-tasting fluid coming into your

T
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throat or mouth”). Frequent GERD symptoms were those occurring at least weekly.
Multivariate ORs are based upon 2,306 cases and 3,904 controls and have been adjusted for
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age; smoking status; total activity; daily caloric intake; alcohol intake; coffee, tea, and
chocolate consumption; post-menopausal hormone therapy; anti-hypertension medication use;
asthma medication use; and diabetes mellitus.

*Q0dds Ratio (OR: 95% CI) of body mass index (BMI) by 7 categories for women who had
GERD symptoms within last year. Multivariate model was adjusted for age, total activity
(METS/WK), anti-hypertension medication use, asthma medication use in past 12 months,
history of diabetes, depression, stress from care, total coffee and tea consumption, total
caffeine, alcohol intake, regular soft drink, diet soft drink, juice, fruit punch, smoke status,
HRT, aspirin use, other NSAID use, acetaminophen use, trans fat, saturated fat,
polyunsaturated fat, monounsaturated fat, omega 3 acid, total protein, total carbohydrate, total
calorie intake, chocolate, fruit and vegetable, antilog AOAC fiber and salt.

*QOdds Ratio (OR: 95% CI) of body mass index (BMI) by 7 categories for women who had at
least weekly GERD symptoms. Multivariate model was adjusted for age, total activity (METS/
WK), anti-hypertension medication use, asthma medication use in past 12 months, history of
diabetes, depression, stress from care, total coffee and tea consumption, total caffeine, alcohol
intake, regular soft drink, diet soft drink, juice, fruit punch, smoke status, HRT, aspirin use,
other NSAID use, acetaminophen use, trans fat, saturated fat, polyunsaturated fat,
monounsaturated fat, omega 3 acid, total protein, total carbohydrate, total calorie intake,
chocolate, fruit and vegetable, antilog AOAC fiber and salt.
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Characteristics of Participants With and Without Gastroesophageal Reflux Disease (GERD) Symptoms

Table 1

GERD Symptoms at Least Weekly N=2,310]No GERD Symptoms in the Last Year N=3,916
|Age, vears (mean + SD) 66 +7 66+7
Body Mass Index (mean + SD) 27.8+53 25.6+5.0
Smoking Status (%)

Never 44 47
Past 47 40
Current 6 9
Missing 3 4
Total Activity, METs/week (mean + SD)| 16 +19 19+22
Total Daily Calorie Intake (mean + SD) 1763 +534 1695 + 523
Alcohol Intake, drinks/day (mean + SD) 03+0.7 04+0.8
Coffee Intake, drinks/day (mean + SD) 17+14 17+£15
Tea Intake, drinks/day (mean + SD) 07+1.2 07+1.1
Chocolate, servings/day (mean + SD) 01+02 01+0.2
Hormone Therapy (%)
Pre-menopausal 2 3
Never 20 26
Past Use 22 19
Estrogen Only 20 15
Estrogen and Progesterone 12 14
Missing 24 23
[Anti-hypertension Medication Use (%) 37 28
Asthma Medication Use (%) 11 6
Diabetes (%) 7 8

Abbreviations: SD, standard deviation; MET, metabolic equivalent.

Page 10

GERD symptoms were defined as heartburn (“a burning pain or discomfort behind the breast bone in your chest™) and/or acid regurgitation (“a bitter or
sour-tasting fluid coming into your throat or mouth.”)
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