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Background There is increasing concern about the obesity epidemic in the United States.
Obesity is a potential risk factor for a number of chronic diseases, including
gastroesophageal reflux disease (GERD). This analysis examined whether body mass
index (BMI) was associated with physician-diagnosed GERD in World Trade Center
(WTC) general responders.
Methods 19,819 WTC general responders were included in the study. Cox proportional
hazards regressionmodels were used to compare time toGERDdiagnosis among threeBMI
groups (normal (<25 kg/m2), overweight (�25 and <30 kg/m2), and obese (�30 kg/m2)).
Results Among the responders, 43% were overweight and 42% were obese. The hazard
ratio for normal versus overweight was 0.81 (95% Confidence Interval (CI), 0.75–0.88);
normal versus obese 0.71 (95%CI, 0.66, 0.77); and overweight versus obese 0.88 (95%CI,
0.83–0.92).
Conclusion GERD diagnoses rates were higher in overweight and obese WTC
responders. Am. J. Ind. Med. 59:761–766, 2016. � 2016 Wiley Periodicals, Inc.
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INTRODUCTION

Obesity and being overweight are growing epidemics,
with prevalences in the United States (U.S.) population of
42% and 33%, respectively [NIDDK, 2012]. Obesity is a
potential risk factor for a number of chronic diseases,
including gastroesophageal reflux disease (GERD) [El-Serag
et al., 2005; Hampel et al., 2005; Song et al., 2011; Almadi
et al., 2014].

GERD is characterized by symptoms of heartburn, chest
pain, and dysphagia, and has been associated with a poorer
quality of life [Kaji et al., 2010; Milani et al., 2016]. Higher
body mass index (BMI) has been associated with an
increased risk of developing GERD. The most common
physiological mechanism linking BMI to GERD involves
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an increased abdominal pressure that relaxes the lower
esophageal sphincter, resulting in higher esophageal acid
exposure [El-Serag et al., 2006; Pandolfino et al., 2006; Wu
et al., 2007]. Other possible mechanisms by which obesity
can cause GERD include an increase in the level of
circulating inflammatory cytokines and delayed gastric
motility [Emerenziani et al., 2013].

The World Trade Center Health Program (WTCHP)
responders are a unique, occupational cohort, a large
proportion of which suffered prolonged exposure to the
physical contaminants and (physical and non-physical)
stressors that accompanied work on the WTC recovery
effort. These exposures potentially led to the development of
GERD or may have modified the role of BMI in the
development of GERD. Several studies have found an
association between higher WTC exposure and GERD
among firefighters, WTC responders, and survivors [Prezant
et al., 2002; Li et al., 2011; Wisnivesky et al., 2011].
Furthermore, it has been observed that GERD persists among
those responders who developed this condition after their
WTC exposures [Prezant et al., 2002; Banauch et al., 2003;
Wisnivesky et al., 2011]. GERD has been designated as a
certified WTC condition and members of the WTCHP can
receive medical treatment for GERD via the WTCHP [CDC,
2015]. To our knowledge, the overall prevalence of being
overweight and obesity among theWTCHPmembers has not
been previously reported. However, in a recent study of
adults in the WTC Health Registry by Jordan et al. [2015],
43% were obese and 34% were overweight.

Given the potential links between elevated BMI and the
development of GERD, the high prevalence and persistence
of GERD among the responders and the potential modifi-
ability of body size as a means of reducing the condition, we
considered it important to examine the link between BMI and
physician-diagnosed GERD in WTC responders.

METHODS

This study included 19,819 WTC general responders
who are part of the WTCHP General Responder Cohort
(GRC) and who consented to have their aggregated data used
for research. The GRC has been described previously
[Dasaro et al., 2015]. Included in the study were responders
who participated in the monitoring program between
July 2002 and December 2015, whose BMI was measured
at their first visit andwho had at least twoBMImeasurements
during the monitoring program. IRB of the Icahn School of
Medicine at Mount Sinai approved this investigation.

The WTCHP uses standard clinical practice guidelines
for diagnosis of GERD [DeVault and Castell, 2005].
Certified GERD, the outcome in this analysis, requires
attestation by a medical professional that exposures
present during the WTC effort played a significant role in

contributing to or causing a responder’s GERD [Dasaro
et al., 2015]. Final certification approval is done by the
National Institute for Occupational Safety and Health. Only
responders with certified GERD diagnosed after Septem-
ber 11, 2001 (hereafter 9/11) were included in the analysis.
As diagnosis dates are self-reported on the Interviewer-
Administered Medical Questionnaire (IAMQ), the dates are
sometimes missing. Only responders certified with GERD
who had a self-reported diagnosis date after 9/11 were
included in the study; those with self-reported GERD but
no certification were excluded. For those who reported
diagnosis dates, imprecisely recalled dates (year only, or
month, and year only) diagnosis dates were imputed to mid-
year or mid-month (respectively). Of the 7,265 responders
who reported a diagnosis date, 3,530 (49%) remembered
only the year of diagnosis and 2,923 (40%) recalled the year
and month.

BMI (weight in kg/(height in m)2) was determined from
height and weight measured as a part of the physical exam at
each monitoring visit. For some responders, there were
considerable inconsistencies in the measurement of height
across visits. Major height changes in adults are uncommon
and likely the result of measurement or data entry error.
Therefore, in order to ensure that the calculated BMI was
based on reliable height measurements, the weight measured
at each visit and the median height (for responders with three
or more visits) or visit 1 height (if the responder had fewer
than three visits) were used to calculate BMI. For the 3,399
responders who had certified GERD diagnosed between 9/11
and before visit 1, their BMI at visit 1 was used.

As of December 31, 2015, there were 35,731 responders
who had consented to have their aggregated data used for
research and who had been seen for at least one WTC
monitoring visit. Of these 35,731 responders, 9,835 (27.5%)
were excluded because they did not have a BMI value at their
first visit and/or did not have at least two BMImeasurements;
4,093 (11.4%) were excluded because they had self-reported
GERD but not certified GERD; 772 (2.2%) were excluded
for having certified GERD diagnosed before 9/11; and 1,212
(3.4%) were excluded because of a missing diagnosis date
(despite certified GERD). The final number of responders
available for analysis was thus 19,819 (55.5%).

BMI associated with visit 1 was categorized into
“normal” (BMI< 25), “overweight” (25�BMI< 30), and
obese (BMI� 30) [CDC, 2012]. The Kaplan–Meier
method was used to obtain time to certified GERD diagnoses
rates 3, 7, and 14 years post 9/11. ACox proportional hazards
regression model compared time to certified GERD
diagnosis between the three BMI groups. The model was
adjusted for year of entry into the program (2002–2005,
2006–2008, after 2008), WTC exposure (very high, high,
intermediate, and low), pre-9/11 occupation (“protective
services” [e.g., law enforcement], “construction,” “buildings
and grounds cleaning and maintenance,” “electrical,
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telecommunications, and other installation and repair
groups,” and “all other” occupations), age on 9/11, gender
(male, female), race/ethnicity (Asian Non-Hispanic, Black
[Hispanic and Non-Hispanic], Hispanic [not Black],
Other Non-Hispanic, White Non-Hispanic), marital status
(married/partnered, separated/divorced/widowed, single),
education (less than high school graduate, high school
graduate, some college, college graduate), and smoking
status (current, former, never). Barrett’s esophagus disease is
known to be correlated to GERD but in our population only
those who are certified for GERD can be certified for
Barrett’s disease. We could not, therefore, include Barrett’s
disease as a covariate since all patients certified for Barrett’s
disease are certified for GERD as well.

Statistical tests were two-sided; comparisons were
evaluated for statistical significance at the P¼ 0.05 level;
and all statistical analyses were performed using SAS
version 9.4 (SAS Institute Inc., Cary, NC).

RESULTS

The characteristics of the study population are shown in
Table I. Of the 19,819 eligible responders, 86% were male
and 64% reported their race/ethnicity as non-HispanicWhite.
Three quarters of the responders entered the program before
2008 and they were, on average, 39 years of age on 9/11. A
large proportion reported that they were married or partnered
(72%); less than half had attended some college (41%); and
more than half had never smoked (62%). The most common
occupations were protective services (51%) and construction
(21%). Most were overweight or obese (85%) and 37% were
certified for GERD (Table I). Of the responders with normal
weight, 33% had certified GERD, compared to 36% of
overweight responders and 39% of those who were obese.
Kaplan–Meier time to diagnoses rates were 10% in year 3,
24% in year 7, and 35% in year 14 for responders with
normal weight; 12% in year 3, 26% in year 7, and 39% in
year 14 for overweight responders and 14% in year 3, 27% in
year 7, and 42% in year 14 for obese responders. The
unadjusted hazard ratios were 0.88 (95%CI, 0.82–0.95) for
normal compared to overweight; 0.80 (95%CI, 0.75–0.86)
for normal compared to obese; and 0.91 (95%CI, 0.87–0.96)
for overweight compared to obese (Table II). Adjusting the
Cox model for covariates made hazard ratios even more
significant: 0.81 (95%CI, 0.75–0.88) for normal compared to
overweight; 0.71 (95%CI, 0.66–0.77) for normal compared
to obese; and 0.88 (95%CI, 0.83–0.92) for overweight
compared to obese (Table II).WTC exposure was included in
the model as one of the covariates. WTC exposure is
associated with GERD (P-value<0.001) with risk of GERD
being higher with higher WTC exposure; however, GERD is
independent of BMI (P-value¼ 0.4119 for BMI and
exposure interaction term).

TABLE I. Visit1Characteristics ofWorldTradeCenterGeneralResponders
(2002^2015)

Number of respondersaçn 19,819
Male sexçn (%) 17,070 (86)
Average age in years on 9/11çmean� SD 38.7� 8.7
BMI at visit1çn (%) kg/m2

<25 2,881 (15)
25^29 8,547 (43)
�30 8,391 (42)

Have certified GERDbçn (%) 7,265 (37)
Year of entry into the programçn (%)

2002^2005 8,505 (43)
2006^2008 6,050 (30)
>2008 5264 (27)

Raceçn (%)
White Non-Hispanic 12,687 (64)
Black (Hispanic and Non-Hispanic) 2,287 (12)
Asian Non-Hispanic 320 (2)
Hispanic (not black) 4,222 (21)
Other Non-Hispanic 282 (1)
Not known/declined to be categorized 21 (0)

Smoking status at baseline visitçn (%)
Current 2,643 (13)
Former 4,757 (24)
Never 11,836 (60)
Not known 583 (3)

Educationçn (%)
<High school graduate 1,457 (7)
High school graduate 4,195 (21)
Some college 7,869 (40)
College graduate 5,641 (29)
Not known 657 (3)

Marital statusçn (%)
Single 2,265 (11)
Married or partnered 14,187 (72)
Separated or divorced or widowed 3,337 (17)
Not known 30 (0)

WTC-related exposure cçn (%)
Low 2,857 (14)
Intermediate 12,145 (61)
High 3,471 (18)
Very high 634 (3)
Not known 712 (4)

Occupationçn (%)
Construction 4,065 (21)
Protective services 9,978 (50)
Building and grounds cleaning/maintenance and installation,
maintenance, and repair

1,757 (9)

Other categories or missing 4,019 (20)

aWorld Trade Center (WTC) general responders who are part of the WTC Health
Program (WTCHP) General Responder Cohort who participated in the monitoring
program between July 2002 and December 2015, whose body mass index (BMI)

BMI and GERD in WTC General Responders 763



DISCUSSION

“Normal” weight responders were at reduced risk of
being diagnosed with GERD, compared to both overweight
and obese responders. Furthermore, being overweight was
associated with a reduced risk of being diagnosed with
GERD, compared to being obese. Although the prevalence of
being overweight (per BMI) was higher among these
responders than has been observed for the general US
population—43% vs. 33%—the prevalence of obesity was
similar at 42% [NIDDK, 2012]. Moreover, the rates of
GERD in all three responder body size groups were
higher than the 20% prevalence in the US population
[NIDDK, 2014]. There are little data on population level
obesity/overweight specifically among blue-collar workers.
Approximately 60% of European professional drivers and
constructions workers were overweight or obese, which is
lower than the prevalence observed among the WTC
responders [Arndt et al., 2007; Rosso et al., 2015]. The
prevalence among the WTC responders and a U.S. popula-
tion of firefighters was similar [Clark et al., 2002]. To our
knowledge, there have not been any reports of the prevalence
of GERD in blue-collar populations.

Our data agree that GERD is associated with WTC
exposure as previously suggested in WTC firefighters where
87% of FDNYworkers diagnosed withWTC cough reported
having GERD in the first 6 months after 9/11/2001 [Prezant
et al., 2002], responders where risk of GERD was greatest
in workers with the highest level of WTC exposure

[Wisnivesky et al., 2011] and survivors where area workers
exposed to the intense dust cloud had an increased risk of
developing gastroesophageal reflux symptoms [Li et al.,
2011]. However, our data showed that GERD is independent
of BMI and therefore does not modify the role of BMI in the
development of GERD, as hypothesized. There was a small
confounding effect so models were adjusted for WTC
exposure but the effect on BMI was minimal.

This investigation has both weakness and strengths. The
most important weakness is that most health information
(including diagnosis dates, most of which had to be imputed)
is self-reported. This is less than optimal but not likely to
result in differential misclassification. It is possible that the
use of BMI may not be the optimal indicator of obesity or
overweight in this population. For example, in a population
of U.S. firefighters, it has been shown that compared to the
waist circumference and body-fat percentage measures BMI
overestimates prevalence of obesity and being overweight
[Jitnarin et al., 2013, 2014; Choi et al., 2016]. A large
proportion of the responders included in this analysis were in
protective services and construction workers (Table I), and
the body composition of people in these occupations are
likely to be similar to the firefighters. Therefore, it is possible
that some responders were misclassified as being overweight
or obese. Waist circumference or body-fat percentage
measures are not collected as part of the WTC monitoring
visit. Another limitation is that health information prior to
9/11 is not available for the general responders and
participation in the WTCHP is voluntary, making it difficult
to assess how representative this cohort is of all WTC
responders [Dasaro et al., 2015]. The principal strength is
that this is a large cohort that has been followed for more than
14 years with periodic health monitoring visits.

The health outcome, GERD, is physician-diagnosed and
has been shown to be a WTC-related condition that is
persistent and affects a large proportion of the WTC
responder population. It is, therefore, in our opinion, of
great importance to increase our understanding of the
contribution that obesity—a potentially modifiable risk
factor—makes in the development of GERD. The results
of this analysis indicate that WTC responders who are
overweight or obese might reduce their risk of developing

was measured at their first visit, who had at least two BMI measurements during
monitoringprogram,whoeither hadno self-reportednorcertifiedgastroesophageal
reflux disease (GERD) or who had GERD certified post 9/11.
bCertification requires attestation by a medical professional that exposures
present during theWTC effort played a significant role in contributing to or causing
a responder’s GERD.
cThe very high exposure group consisted of those who worked more than 90 days,
were exposed to the dust cloud, andworked at least some time on the pile.The high
groupwascomprisedofrescueworkerswhowereexposedtothedustcloudbuteither
worked less than 90 days or did not work on the pile. The intermediate group was
comprised of workers not exposed to the dust cloud and who either worked 40 or
more days or worked on the pile. The lowest exposure group included those who
worked less than 40 days,were not exposed to dust from the collapse, and did not
work in the debris pile.

TABLE II. Association Between Body Size Categories AmongWTCRespondersWith GERD (2002^2015)

BMI Unadjusted hazard ratio (95%CI) Adjusted hazard ratio (95%CI)

Normal versus obese 0.80 (0.75^0.86) 0.71 (0.66^0.77)
Normal versus overweight 0.88 (0.82^0.95) 0.81 (0.75^0.88)
Overweight versus obese 0.91 (0.87^0.96) 0.88 (0.83^0.92)

The ‘‘Normal’’BMI group consisted of 2,881responders, 933 of whomhad certified GERD diagnosedpost 9/11.The ‘‘Overweight’’ BMI group consisted of 8,547 responders,
3,068 ofwhomhad certified GERD diagnosedpost 9/11.The ‘‘Obese’’BMI group consisted of 8,391responders, 3,264 of whomhad certified GERD diagnosedpost 9/11.The
modelwasadjusted for yearofentry into theprogram,WTCexposure,pre-9/11occupation, ageon9/11,gender, race/ethnicity,marital status,education andsmokingstatus.

764 Icitovic et al.



GERD via weight reduction programs. Participation in
preventive programs such as weight reduction has the
potential to improve the overall quality of life of the
responders, in addition to reducing the medical care that
responders might require.
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