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Abstract
Introduction Despite the high prevalence of typical symptoms of gastroesophageal reflux disease (GERD), approximately 
30% of patients have functional esophageal disorders (FED) on ambulatory reflux monitoring, which may include reflux 
hypersensitivity (RH; defined as physiologic acid exposure but temporally correlated symptoms of reflux), or functional 
heartburn (FH; defined as physiologic acid exposure and negative symptom correlation). There are limited epidemiological 
data characterizing these conditions. We investigated demographic and socioeconomic factors as well as medical comorbidi-
ties which may predispose to FED versus pathologic GERD.
Methods Adult patients with reflux symptoms for at least 3 months were studied with 24-h pH-impedance testing from 
11/2019 to 3/2021. Participants were categorized into pathologic GERD, FH, or RH using pH-impedance data and reported 
symptom correlation. Demographic data, including age, gender, race/ethnicity, zip code, insurance status, and medical 
comorbidity data were retrospectively retrieved from the electronic medical record on all participants.
Results 229 patients were included. Non-Hispanic Asian ethnicity (OR 5.65; p = 0.01), underweight BMI (OR 7.33; p = 0.06), 
chronic pain (OR 2.33; p < 0.01), insomnia (OR 2.83; p = 0.06), and allergic rhinitis (OR 3.90; p < 0.01) were associated with 
a greater risk for FED. Overweight BMI (OR 0.48; p = 0.03) and alcohol use (OR 0.57; p = 0.06) were associated with a 
decreased risk for FED.
Discussion This is the first report of a greater risk of FED in patients with underweight BMI, insomnia, chronic pain, allergic 
rhinitis, or of Asian or Hispanic ethnicities. The weak associations between female gender and anxiety are corroborated in 
other studies. Our findings enable clinicians to better screen patients with reflux for this disorder.
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More than 50% of patients with typical reflux symptoms, 
of heartburn, chest pain, or regurgitation have normal 
mucosal findings on endoscopy [1–4]. These patients are 
half as likely to respond to standard proton pump inhibitor 
(PPI) therapy as compared with patients who have erosive 
esophagitis [2, 5, 6], highlighting the importance of further 
testing to tailor therapy in patients with non-erosive acid 
reflux, and ambulatory reflux monitoring is used to char-
acterize the length, frequency, and associated symptoms 
of esophageal acid exposure time (AET) over a 24–96 h 
period. These data obtained from pH monitoring allow us 
to categorize patients as having pathologic gastroesophageal 
reflux disease (GERD; defined as AET > 6%) or a functional 
esophageal disorder (FED; defined as AET < 4%). FED can 
be further stratified as reflux hypersensitivity (RH) if symp-
toms are temporally correlated with reflux events, or func-
tional heartburn (FH) if a correlation between symptoms and 
reflux events is absent. Studies have shown that only 25–35% 
of all patients with symptoms of heartburn have pathologic 
non-erosive GERD, and up to 35% of these patients carry a 
diagnosis of FED. 15–20% of patients have FH, 10–15% of 
patients have RH [7–9].

Two studies to date have compared the demographic 
and psychiatric co-morbidities associated with FEDs ver-
sus pathologic GERD. One study found that female sex, 
irritable bowel syndrome (IBS), and Helicobacter pylori 
conferred a greater risk of RH, whereas the presence of a 
hiatal hernia and anxiety conferred a greater risk of path-
ologic GERD [10]. When comparing RH to FH, smoking, 
IBS, and anxiety were more associated with FH whereas 
hiatal hernia was more associated with RH [11]. Another 
study investigating comorbid psychiatric disorders found 
that depression had a stronger association with FH and 
anxiety was more strongly associated with pathologic 
GERD and RH [4]. There are limited data investigating 
the relationship between medical co-morbidities or socio-
economic factors and the development of FEDs versus 
pathologic GERD. Further characterization of the risk 
factors for pathologic non-erosive GERD and FEDs can 
help identify patients who may derive benefit from ambu-
latory reflux monitoring to elucidate the etiology of their 
symptoms and tailor subsequent management.
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Methods

This was a retrospective cohort study of adults ≥ 18 years 
of age with ref lux symptoms who received 24-h 
multichannel intraluminal pH-impedance testing between 
11/25/2019 and 3/1/2021 at NYU Langone Health Center 
for Esophageal Health. Inclusion criteria were prior 
endoscopy without conclusive evidence of pathologic 
reflux and pH-impedance testing within the study window 
conducted off PPI therapy. Exclusion criteria were major 
disorders of esophageal motility (i.e., achalasia, distal 
esophageal spasm, hypercontractile esophagus) as defined 
by Chicago Classification version 4.0 and endoscopic 
evidence of Los Angeles grade C or D esophagitis, long-
segment Barrett’s esophagus, para-esophageal hernia, 
or prior reflux surgery, bariatric surgery, esophageal, or 
gastric malignancy. Patients with incomplete studies or 
incomplete pre-procedure symptom assessments were 
also excluded. This study adheres to the Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) reporting guidelines. The study protocol was 
approved by the Institutional Review Board at NYU 
School of Medicine.

pH‑impedance testing and study interpretation

Each patient undergoing pH impedance was asked to 
complete the GERD Health-Related Quality of Life 
(HRQL) and Esophageal Hypervigilance and Anxiety 
Scale (EHAS) surveys to define the frequency and intensity 
of symptoms prior to their procedure. Information on both 
typical symptoms including heartburn, regurgitation, chest 
pain, and atypical symptoms including cough, bloating, 
belching, nausea, and early satiety was collected; however, 
for the purposes of this study, symptom correlation 
calculations were based on typical and more specific 
symptoms of heartburn, regurgitation, chest pain, and 
cough.

24-h pH-impedance testing was performed according 
to standard protocol, and patients were asked to document 
meals, symptoms, and supine periods for the duration 
of the study. Recorded symptoms of interest included 
heartburn, regurgitation, chest pain, and cough. An 
acid exposure time (AET) of greater than 6% confirmed 
pathologic GERD, whereas an AET less than 4% confirmed 
a FED [12]. An AET between 4 and 6% was considered 
inconclusive; thus, accessory data such as the number of 
reflux episodes and reflux-symptom correlation informed 
whether esophageal reflux was considered pathologic 
[13].  The symptom index (SI) and the symptom-
association probability (SAP) were used in addition to 

AET to interpret study results. SI is the percentage of 
reported symptoms (when recorded at least three times 
over the duration of the study) occurring within 2 min of 
a detected reflux event, with above 50% lending to positive 
symptom correlation [14–16]. SAP incorporates the total 
number of reported symptoms and reflux events, with 
a positive SAP > 95% indicating that the probability of 
symptom correlation occurring by chance is < 5% [17, 18]. 
A positive SI and/or a positive SAP confirmed positive 
symptom correlation. If FED was diagnosed, it was further 
classified as reflux hypersensitivity (RH) if there was a 
positive symptom correlation to acid reflux events or as 
functional heartburn (FH) if there was a negative symptom 
correlation to reflux events.

Data retrieval

Demographic data including age, gender, race/ethnicity, 
zip code, and insurance status were retrieved from each 
patient’s electronic medical record. Socioeconomic variables 
were estimated from available demographic data. Median 
income estimates were based on zip code of each subject 
using available models [19, 20], and socioeconomic class 
estimates were based on median income estimates and 
insurance plan information. Low socioeconomic status 
(SES) was categorized as $25,000 or less, middle SES as 
$25,001–$150,000, and high SES as $150,000 and above. 
Subjects on Medicaid or the Essential Plan, New York State 
health insurance for working adults with lower incomes 
who do not qualify for Medicaid, were categorized as low 
socioeconomic status (SES) regardless of income.

Major medical comorbidities and comorbidities studied 
in relation to pathologic or functional reflux in literature 
were extracted from documented problem lists of the 
electronic medical record. These include history of anxiety 
or depression, chronic pain (headaches, lower back pain, and 
joint pain), asthma or non-asthmatic lung condition (chronic 
obstructive pulmonary disease, emphysema, pulmonary 
fibrosis, pulmonary hypertension, sleep apnea), autoimmune 
condition, irritable bowel syndrome, inflammatory bowel 
disease, hypertension and/or hyperlipidemia, parathyroid 
and/or thyroid conditions, allergic rhinitis, insomnia, and 
polycystic ovarian syndrome. Patients with BMI < 18.5 were 
classified as underweight, 18.5–24.9 as normal weight, ≥ 25 
as overweight, and ≥ 30 as obese. Alcohol use, tobacco use, 
and recreational drug use were also documented.

Data analysis

To compare participant characteristics and comorbidities 
by esophageal diagnosis, chi-square analysis and Fischer’s 
exact tests were utilized. To compare the risk of functional 
esophageal disorder across all predictor participant 
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characteristics and medical comorbidities, univariable and 
multivariable logistic regression models were utilized. 
Based on the zip code location and esophageal disorder 
diagnosis of participants, population density maps were 
created. Odds ratios and 95% confidence intervals were 
computed. In all cases, p < 0.05 was required for statistical 
significance. All statistical analysis was performed using 
R Statistical Software version 4.1.1 (2021-08-10).

Results

During the 15-month period, a total of 391 participants 
underwent ambulatory pH-impedance testing. After exclud-
ing participants with incomplete studies or medical records, 
participants with studies performed on PPI, and participants 
with prior reflux or bariatric surgery, a total of 229 par-
ticipants were included for analysis. 50% of participants 
(n = 115) met criteria for pathologic GERD and the remain-
ing half (n = 114) met criteria for a FED, of which 82% 
(n = 93) had FH and 18% (n = 21) had RH. When compar-
ing pathologic GERD to FED, there was no difference in 

Table 1  Demographic & social 
history variables across GI 
disorder

GERD gastroesophageal reflux disease, FED functional esophageal disorder, GERD HRQL GERD Health-
Related Quality of Life, EHAS Esophageal Hypervigilance and Anxiety Scale
*The essential plan is New York State health insurance for working adults with lower incomes who do not 
qualify for Medicaid
**Symptom assessment scores were completed by 80% of all participants
a Continuous variables reported as mean (standard deviation)
b Categorical variables reported as frequency (percentage)

Variable Participants with 
pathologic GERD 
(n = 115)

Participants with 
FED (n = 114)

Total (n = 229) P value

Age (years)a 46.99 (1.5) 47.71 (1.42) 47.35 (15.7) 0.73
Gender (female)b 61 (53.0%) 77 (67.54%) 138 (60.3%) 0.02
Ethnicityb

 Non-Hispanic White 98 (85.2%) 81 (71.1%) 179 (78.2%) 0.01
 Non-Hispanic Black 2 (1.7%) 4 (3.5%) 6 (2.6%) 0.40
 Non-Hispanic Asian 3 (2.6%) 14 (12.3%) 17 (7.4%) < 0.01
 Hispanic 7 (6.1%) 13 (11.4%) 20 (8.7%) 0.15
 Other 5 (4.4%) 2 (1.8%) 7 (3.1%) 0.25

Socioeconomic  statusb

 Low 7 (6.8%) 12 (11.9%) 19 (9.3%) 0.21
 Medium 89 (86.4%) 86 (85.2%) 175 (85.8%) 0.80
 High 7 (6.8%) 3 (3.0%) 10 (4.9%) 0.21

Median income by zip  codeb

 $25,001–$75,000 36 (35.3%) 40 (35.1%) 76 (37.6%) 0.49
 $75,001–$150,000 59 (57.8%) 57 (50%) 116 (57.4%) 0.90
 $150,001 or above 7 (6.9%) 3 (2.6%) 10 (5.0%) 0.21

Health insurance  planb

 Medicaid + essential plan* 7 (6.2%) 12 (10.9%) 19 (8.5%) 0.21
 Medicare 24 (21.2%) 15 (13.4%) 39 (17.5%) 0.14
 Commercial 82 (72.6%) 83 (75.5%) 165 (74.0%) 0.62

Substance  useb

 Ever alcohol use 66 (57.4%) 50 (43.9%) 106 (50.7%) 0.04
 Ever smoker 28 (24.4%) 23 (20.2%) 51 (22.3%) 0.44
 Drug use 10 (8.7%) 5 (4.4%) 15 (6.6%) 0.19

Symptom assessment**
 GERD HRQL score 25 (2.5) 24 (1.9) 25 (2.3) 0.88
 EHAS score 37 (2.8) 39 (2.2) 38 (2.4) 0.40
 Total impedance events 71 (3.5) 26 (2.5) 45 (3.1) 0.04
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the GERD HRQL score (25 vs 24; p = 0.88) or EHAS score 
(37 vs 39; p = 0.40). There was a higher average number 
of impedance events in the pathologic GERD versus FED 
population (71 vs 26; p = 0.04) (Table 1). No participants 
with FED had > 80 overall impedance events.

There was no difference in the baseline age or distribution 
of SES, median income, and health insurance plan between 
pathologic GERD versus FED (Table  1). There was a 
diverse geographic and socioeconomic distribution of 
participants with FED in the greater New York City area, 
with the majority of medium socioeconomic class located 
in Manhattan and Brooklyn (Supp. Fig. 1). Compared to 
pathologic GERD, a higher frequency of FED participants 
were of lower SES, though this trend was not statistically 
significant.  A greater percentage of patients with FED 
vs GERD were female (68% vs 53%; p = 0.02) and non-
Hispanic Asian (12% vs. 3%; p < 0.01). A greater percentage 
of GERD patients were non-Hispanic white (85% vs 71%; 
p = 0.01) and reported a history of alcohol use (58% vs 44%; 
p = 0.04) (Table 1).

Comorbid conditions are displayed in Table 2. A greater 
percentage of patients with GERD were overweight (43% 
vs 29%; p = 0.01) or obese (17% vs 10%; p = 0.09), while 
a greater percentage of patients with FED were under-
weight (9% vs 1%; p < 0.01) or normal weight (53% vs 

38%; p = 0.03). Among patients with FED, chronic pain 
condition (37% vs 20%; p < 0.01), insomnia (14% vs 4%; 
p = 0.05), anxiety or depression (38% vs 27%; p = 0.08), and 
allergic rhinitis (20% vs 6%; p < 0.01) were more common 
(Table 2). The majority of these differences were persistent 
in univariate and multivariate logistic regression analyses 
(Table 3). On univariate analysis, female gender (OR 1.84; 
p = 0.03), underweight BMI (OR 7.33; p = 0.06), and insom-
nia (OR 2.83; p = 0.06) were associated with a greater risk 
for FED, but were not statistically significant in multivari-
ate analysis. On multivariable analysis, Asian ethnicity 
(OR 4.06; p = 0.05), Hispanic ethnicity (OR 4.39; p = 0.01), 
chronic pain condition (OR 2.37; p < 0.01), allergic rhini-
tis (OR 3.29; p = 0.02), anxiety, or depression (OR 1.90; 
p = 0.06) was associated with greater risk of FED. Over-
weight BMI (OR 0.39; p < 0.01), obesity (OR 0.23; p ≤ 0.01), 
and alcohol use (OR 0.53; p = 0.04) were associated with a 
decreased risk of FED (Table 3). 

There were no statistically significant differences in 
the distribution of other analyzed medical comorbidities 
(Table 2). When comparing FH to RH, a greater percentage 
of those with FH had a history of alcohol use (51% vs 24%; 
p = 0.04; Supp. Table 1). In spite of not reaching statistical 
significance, a greater percentage of patients with RH (81% 
vs 67%; p = 0.15) were female, had anxiety or depression 

Table 2  Medical comorbidities 
across esophageal disorder type

BMI body mass index, GERD gastroesophageal reflux disease, FED functional esophageal disorder
a Continuous variables reported as mean (standard deviation)
b Categorical variables reported as frequency (percentage)

Variable All patients with 
pathologic GERD 
(n = 115)

All patients 
with FED 
(n = 114)

Total (n = 229) P value

BMI (kg/m2)a 26.80 (0.61) 24.08 (0.4) 25.44 (5.7) < 0.01
BMI (levels)b

 Underweight (%)b 1 (0.9%) 10 (8.8%) 11 (4.8%) < 0.01
 Normal weight (%) 44 (38.3%) 60 (52.6%) 106 (45.4%) 0.03
 Overweight (%) 50 (43.5%) 33 (29.0%) 83 (36.2%) 0.02
 Obese (%) 20 (17.4%) 11 (9.7%) 31 (13.5%) 0.09

Medical  comorbiditiesb

 Anxiety/depression diagnosis (%) 31 (27.0%) 43 (37.7%) 74 (32.3%) 0.08
 Diagnosis of chronic pain (%) 23 (20.0%) 42 (36.8%) 65 (28.4%) < 0.01
 Diagnosis of asthma (%) 25 (21.7%) 17 (14.9%) 42 (18.3%) 0.18
 Autoimmune disorder (%) 19 (16.5%) 15 (13.2%) 31 (14.9%) 0.47
 Non-asthmatic lung disease (%) 11 (9.6%) 10 (8.8%) 21 (9.2%) 0.84
 Irritable bowel syndrome (%) 13 (11.3%) 8 (7.0%) 21 (9.2%) 0.26
 Inflammatory bowel disease (%) 4 (3.5%) 3 (2.6%) 7 (3.1%) 0.71
 Parathyroid or thyroid condition (%) 14 (12.2%) 21 (18.4%) 35 (5.3%) 0.19
 Insomnia diagnosis (%) 5 (4.4%) 13 (11.4%) 18 (7.9%) 0.05
 Polycystic ovarian syndrome (%) 1 (0.9%) 2 (1.8%) 3 (1.3%) 0.55
 Allergic rhinitis (%) 7 (6.1%) 23 (20.2%) 30 (13.1%) < 0.01
 Hypertension/hyperlipidemia (%) 26 (22.6%) 27 (23.7%) 53 (23.1%) 0.85
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(48% vs 38%; p = 0.30), a diagnosis of insomnia (19% vs 
10%; p = 0.22), and a diagnosis of allergic rhinitis (33% vs 
18%; p = 0.10) when compared to patients with FH (Supp. 
Table 1).

Discussion

In this retrospective cohort study across a heterogeneous 
population in New York City, we found low BMI, insomnia, 
chronic pain, allergic rhinitis, Asian race and Hispanic 
ethnicity, anxiety or depression, and female gender were 
associated with a greater risk of functional esophageal 
disorder versus pathologic GERD.

Many studies have shown a positive relationship between 
BMI and erosive GERD [21–23], but this is the first report 
of an inverse relationship between BMI and FED. One study 
found that high BMI was a risk factor for pathologic GERD 
but did not find an association between low BMI and FED; 
however, there was a significant proportion of overweight 
patients within this study cohort [22]. Another study did 
not find an association between BMI and either pathologic 
GERD or FED [11], though this study differed from ours 
as it excluded patients with eating disorders (which could 

exclude underweight patients) and was conducted in Italy 
with a less heterogeneous patient population.

This is the first report of an association between Asian 
race or Hispanic ethnicity and FEDs. Our findings regarding 
an increased risk of FED with female sex, and risk of 
GERD among Caucasian race and alcohol use have been 
previously validated in the literature. One study found that 
female sex was more associated with FED as compared to 
pathologic GERD [11]. GERD has been more associated 
with non-Hispanic white ethnicity compared to other races 
and ethnicities. Several studies have postulated that this is 
perhaps due to this population’s better understanding of the 
terms “heartburn” and “reflux,” and thus, more frequent 
reporting of symptoms. We found that alcohol use was 
more associated with GERD than FED, and more associated 
with FH over RH. A meta-analysis of 29 studies showed 
a dose–response association with alcohol use and GERD, 
likely due to direct mucosal damage, decreased lower 
esophageal peristalsis [24], and sensitized epithelial cells 
to gastric acid [25].

Our findings also revealed an association between allergic 
rhinitis, insomnia, and chronic pain with FED. Data on 
FED specifically are limited; however, there is evidence 
to support functional gastrointestinal disorders (FGID) 
and sleep changes. In a study on 1009 patients with FGID, 
sleep changes were associated with functional esophageal 
chest pain and heartburn symptoms, but not associated 
with functional globus, dysphagia, or regurgitation 
symptoms [26]. In a study comparing patients with 
functional dyspepsia to GERD diagnosed by endoscopic 
and impedance, sleep disturbances were commonly reported 
in functional dyspepsia patients, though experienced more 
frequently in patients with GERD [27]. Allergic rhinitis 
is an atopic disorder that has been associated with FGIDs 
[28], possibly due to the common pathway of excessive 
histamine release [29] and low-grade mucosal inflammation 
and immune activation [30]. Although a connection between 
FEDs and chronic pain has not been established, the use 
of neuromodulators for functional esophageal disorders 
is thought to target central sensitization and the altered 
processing of peripheral stimuli that may explain the 
incidence of other chronic pain disorders in patients with 
FEDs [31].

While associations between asthma, anxiety, IBS, and 
reflux disorders have been demonstrated in the literature, 
we did not find such associations in our study. Although 
our study found a borderline association between anxiety 
or depression and FED, three other studies found stronger 
associations between anxiety and FED [11, 31, 32]. In 
these studies, anxiety was assessed with a standardized 
survey and patients with underlying psychiatric illness 
were excluded, whereas in our study, anxiety and 
depression were grouped together, were clinician-reported, 

Table 3  Multivariable logistic regression of significant* variables on 
risk of functional esophageal disorder

BMI body mass index
*Variables displayed above were found to have significance or near 
significance in univariable logistic regression analysis
**Odds ratio for gender is compared with male; Odds ratio for 
ethnicity levels are compared with Non-Hispanic White; Odds ratio 
for BMI levels are compared with normal weight (18.5 < BMI ≤ 25); 
Odds ratio for medical comorbidity variables are compared with 
negative disease status

Variable Odds ratio 95% CI P value**

Gender (female) 1.55 (0.83, 2.91) 0.17
Ethnicity
 Non-Hispanic Black 1.52 (0.22, 10.46) 0.67
 Non-Hispanic Asian 4.06 (0.99, 16.68) 0.05
 Hispanic 4.39 (1.36, 14.17) 0.01
 Other 0.53 (0.08, 3.67) 0.53

BMI
 Underweight 5.26 (0.61, 45.25) 0.13
 Overweight 0.39 (0.19, 0.77) < 0.01
 Obese 0.23 (0.09, 0.64) < 0.01
 Chronic pain condition 2.37 (1.18, 4.76) 0.01
 Insomnia 2.07 (0.62, 6.88) 0.23
 Allergic rhinitis 3.29 (1.19, 9.07) 0.02
 Ever alcohol use 0.53 (0.29, 0.97) 0.04
 Anxiety/depression 1.90 (0.99, 3.66) 0.06
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and were not excluded due to other psychiatric illness. de 
Bortoli et al. found IBS was more prevalent in FED than 
GERD [11], with a prevalence of 50% and diagnoses based 
on negative endoscopy results, whereas our study had a 
9% prevalence of IBS with diagnoses based on clinician 
reporting.

There are several limitations of our study. As this is a 
retrospective study, we are unable to assess causation (i.e., 
whether insomnia and low BMI are the results of functional 
symptoms or insomnia and low BMI-precipitated functional 
symptoms). Data regarding comorbid conditions relied on 
clinician-reported data obtained from retrospective chart 
review, rather than direct patient acquired data. Although 
only information on typical symptoms (heartburn, 
regurgitation, chest pain) and cough were utilized for 
symptom correlation, patients may have had concomitant 
functional dyspepsia symptoms (bloating, belching, nausea, 
early satiety). In addition, surrogate markers were utilized 
to extrapolate data regarding socioeconomic status (i.e., zip 
code and health insurance information), rather than patient-
reported income and the additional factors that encompass 
socioeconomic status that have previously been linked to 
patient-related health outcomes. Although patients with 
normal AET can have symptoms secondary to non-acid 
reflux events (i.e., bile reflux), in our study, all patients with 
normal AET had less than 40 impedance events, considered 
normal range by the Lyon Consensus, and thus, non-acid 
reflux was likely non-contributory to symptomatology [11]. 
It is important to consider that symptom indices (SI, SAP) 
are patient reported and there is a great degree of variability 
in education level, socioeconomic status, and English 
fluency, which may influence categorization of patients 
into RH versus FH sub-groups. However, our study defined 
functional esophageal disease largely by overall esophageal 
acid exposure, and therefore, these results would remain 
similar in that respect. Given the importance of patient-
reported symptoms in diagnosis, the possibility that patients 
misunderstand the meaning of “heartburn” and “reflux” 
is problematic and is a reminder to explore alternative 
etiologies for symptoms in certain populations. Although 
a strength of our demographics analysis was the diverse 
population residing within the areas in and around New 
York City, allowing for greater generalizability of our data, 
larger, multicenter studies are needed to better characterize 
this patient population.

In conclusion, we found that several disorders 
traditionally associated with GERD (allergic rhinitis, 
anxiety, and insomnia) are more associated with FEDs, 
perhaps due to hypersensitivity in the setting of atopy 
and central neural mechanisms predisposing to sleep 
difficulty. We found that comorbid chronic pain conditions 
and underweight BMI are significant risk factors for FED. 

High BMI and alcohol use may in fact be protective against 
FED, consistent with the literature showing the association 
between obesity and alcohol use with pathologic GERD.

Our results can be utilized by clinicians to refer at-risk 
patients to ambulatory pH testing, which is underutilized 
and recommended as a personalized approach in guiding 
treatment decisions for patients with reflux symptoms 
[10]. Current literature suggests that normal pre-operative 
acid exposure is a risk factor for poor surgical outcomes, 
particularly after Nissen fundoplication [33]. In addition, 
psychological comorbidity is common among GERD 
patients and may play a role in ongoing reflux symptoms 
despite medication management with acid suppression 
[32]. Our study results, suggest that there may be a 
subgroup of patients that may merit further consideration 
with regards to candidacy for an anti-reflux surgery. 
Therefore, further risk stratifying patients in the pre-
operative setting or during medical evaluation can be 
crucial to medical and surgical outcomes. While several 
of our studied risk factors have not been associated in the 
literature with failure of medical GERD treatment, they 
may in fact be related, and these risk factors should be 
studied in relation to PPI failure in future studies. As 
participants with prior reflux surgery were excluded, 
we are unable to comment on whether these risk factors 
may be associated with surgical failure; however, future 
studies should also consider these factors. Nevertheless, 
at this point, it is accepted that both anti-reflux surgery 
and endoscopic treatment for GERD should be avoided 
in patients with functional heartburn and medical 
management should be the mainstay of therapy among 
this patient population.

Our findings better characterize these patients, 
contributing to the epidemiologic data of this relatively 
new condition and, thus, enabling clinicians to optimize 
their approach to testing and treatment.
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