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Introduction

Gastroesophageal Reflux Disease (GERD) is a common medi-
cal condition affecting up to 28% of the US general population 
[1]. GERD is a primary risk factor for Barrett’s Esophagus (BE) 
and esophageal adenocarcinoma (EAC), a leading cause of can-
cer mortality in Western countries [2]. The incidence of BE and 

EAC has increased in recent decades [2-4]. Various risk factors 
can be associated with BE and EAC, including GERD, white race, 
advanced age, obesity, smoking, and a family history of BE or 
EAC [5-9]. Therefore, there has been much interest in standard-
izing guidelines to screen for BE to stem the tide of the BE and 
EAC waves. Current guidelines from multiple national societies 
recommend screening high-risk individuals for BE. While societ-
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ies vary in their definition of who is at high risk, most guidelines 
recommend screening patients with multiple risk factors [10-
12]. Despite near unanimous agreement on screening patients 
with multiple risk factors, we lack a sufficient understanding of 
how BE risk factors interact. However, indirect data from a me-
ta-analysis, which we published earlier, indicate that more risk 
factors lead to an increased risk of BE [6]. However, this data has 
not been substantiated using direct evidence. Additionally, the 
same data suggest that different risk factors increase the risk of 
BE variably [6]. In a recent meta-analysis, we reported that the 
prevalence of BE in patients with GERD was 3%, whereas the 
prevalence in obese patients undergoing pre-bariatric endos-
copy was only 0.9% [5]. Therefore, the risk of BE conferred by 
GERD appears to be greater than that of obesity alone. Analyz-
ing the potential relationships between these risk factors may 
help us better understand who is at most risk for BE and, thus, 
better stratify patients who may benefit from screening for BE. 
In this study, we aimed to conduct a cross-sectional analysis of 
a multicenter large database to better understand the potential 
interactions between various BE risk factors. We hypothesized 
that an increased number of BE risk factors would be linearly 
associated with an increased prevalence of BE. 

Methods

Database

This analysis was conducted using Electronic Health Record 
(EHR) data from the OneFlorida Clinical Data Research Network 
[13]. This database comprises a network of 11 healthcare sys-
tems based in Florida that provides healthcare to a large pro-
portion of Floridians (>40%). The data include healthcare claims 
and EHR, including de-identified data on procedures, laboratory 
testing, diagnoses, vital signs, and medications. 

Inclusion criteria 

All adult patients (aged >18 years) with one entry in the da-
tabase were included in this study. The study dates were be-
tween 2012 and 2019. Patients who reached the age threshold 
during the study period were included in this analysis. We used 
the International Classification of Disease (ICD) 9th and 10th revi-
sions to identify patients with GERD and the Current Procedural 
Terminology (CPT) codes to identify patients who underwent 
an endoscopic procedure after their GERD diagnosis. ICD codes 
were also used to identify patients with BE (with or without dys-
plasia).

Outcomes and definitions

The primary outcome of interest was the prevalence of BE 
(per 100,000 patients) stratified by the number of BE risk fac-
tors. These risk factors were identified from the EHR and includ-
ed age (continuous and dichotomous), race (white vs. other), 
smoking status (current vs. other), and obesity (defined as Body 
Mass Index [BMI] >30 kg/m2). Chronic GERD was defined as 
three or more GERD diagnoses during the research period, and 
any of the two diagnoses were at least 6 months apart. We used 
RxNorm Concept Unique Identified (RXCUI) and national drug 
code directory (NDC) codes to identify Proton-pump inhibitor 
(PPI) medication use. Chronic PPI use was defined as having 3 
or more orders of PPI at least 30 days apart. We identified cen-
sus tract-level residency (urban vs. rural), poverty-level status 
(poverty level <15% vs. ≥15%), and six types of payers. The data 

were further stratified according to sex (male vs. female). The 
study was approved by the IRB of the University of Florida. The 
definitions of all the data variables are included in the Appen-
dix.

Statistical analysis

All statistical analyses were performed using SAS (version 
9.4; SAS Institute Inc., Cary, NC, USA). We used the chi-squared 
test for differences between proportions and t-tests for contin-
uous variables. Multivariable logistic regression was performed 
to examine the potential association between BE prevalence 
and age, race, obesity, sex, GERD, and chronic PPI use as predic-
tors, adjusting for residence poverty and payer. We calculated 
two-sided p-values for all statistical analyses and considered a 
significance level of 0.05. Linear regression analysis was used to 
assess the association between the number of risk factors and 
BE prevalence. We report the beta coefficient, R2, and p-values. 

Results

Our database included 6,872,194 adult patients [43.4% 
(n=2,984,608) males and 56.6% (n=3,887,585) females]. Of 
these, 24% (n=1,648,889) had no risk factors for BE, (76% 
(n=5,223,305) had at least one BE risk factor. Overall, 12.1% 
(n=831,445) of the patients had been diagnosed with GERD, 
and 3.44% (n=236,517) had chronic GERD. Among patients with 
GERD, 19.3% (n=160,590) underwent upper endoscopy (EGD). 
Patient characteristics are summarized in Table 1.

The prevalence of BE was .45% (n=31,188) and was higher in 
males (.54%) than females (.39%), p<0.001. The prevalence of 
BE among patients with GERD was much higher than that in the 
general population (3.8% in male and 2.4% in females).

Overall, 5,223,305 patients had at least one BE risk factor, 
including GERD, male sex, white blood cell count, advanced age 
>50 years, or obesity. On logistic regression analysis, when ad-
justing for residence-poverty and health insurance, GERD was 
the most predictive of BE prevalence (OR=12.05 [11.6-12.5]). 
This was followed by age >50 years (odds ratio [OR]=2.6[2.5-
2.7]), white race (OR=2.1[2.0-2.2]), and male sex (OR=1.53 
[1.49-1.57]). However, obesity did not confer a higher BE rate in 
this population (0.98 [0.96, 1.01]) (Table 2, Figure 1). 

We divided the patients into risk categories based on the 
number of risk factors (from no risk factors to four risk factors). 
In the linear regression model, the number of BE risk factors 
was strongly associated with BE prevalence (beta=49, p<0.001, 
Figure 2a). Thus, for each additional BE risk factor, the preva-
lence of BE increased by 49 per 100,000 population, with R2 of 
0.3.

In a sub-analysis, we restricted the data to patients who un-
derwent EGD (n=160,590) because the true prevalence of BE 
may be underestimated in patients with GERD who did not un-
dergo EGD. The overall trend of BE prevalence in relation to the 
number of risk factors remained unchanged. The prevalence 
of BE in males increased from 680 per 100,000 to 2,534 per 
100,000 as the number of risk factors increased (beta coeffi-
cient=618, R2=0.38 for males (Figure 2b). This translated to a 
0.62% increase in BE prevalence for each additional risk factor 
in males.
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Table 1: Baseline patient characteristics of the study cohort, 
adults with at least one be Barrett’s esophagus risk factor. 

Category Value Overall N=5,223,305

Age (years) Mean (SD) 52.2 (26.2) 

<50 2,562,582 (49.1%)

>50 2,660,723 (50.9%)

Race White 3,104,625 (50.3%)

Other 2,118,680 (49.7%)

EGD Yes 219,069 (4.2%)

No 5,004,236 (95.8%)

Chronic GERD Yes 234,316 (4.5%)

No 4,988,989 (95.5%)

Chronic PPI use Yes 158,241 (3%)

No 5,065,064 (97%)

BMI >30 1,204,859 (38.3%)

<30 1,939,620 (61.7%)

Missing 2078826

Residence-Poverty Rural, poverty<15% 2,119,787 (52.4%)

Rural, poverty>15% 1,353,526 (33.4%)

Urban poverty<15% 358,649 (8.9%)

Urban poverty>15% 215,887 (5.3%)

Missing 1,175,456

Current smoker Yes 222,795 (41.8%)

No 310,299 (58.2%)

Missing 4,690,211

Payer Medicare 1,006,418 (22.9%)

Medicaid 490,212 (11.2%)

Private insurance 1,708,808 (38.9%)

Managed care 4,255,615 (9.7%)

No insurance 3,530,981 (8%)

Miscellaneous 412,659 (9.4%)

Missing 826,495

Table 2: Multivariable logistic regression estimating prevalence 
of BE among adults with at least one risk factor.

Patients with at least one risk factors (N=5,223,305)

Variables Adjusted OR (95% CI) p-value

Sex

Male vs. Female 1.53 (1.49, 1.57) <0.001

Race

 White vs. other 2.09 (2.02, 2.16) <0.001

Age

>=50 vs. <50 2.56 (2.47, 2.66) <0.001

GERD

Yes vs No 12.05 (11.64,12.48) <0.001

BMI

>=30 vs. <30 0.98 (0.96, 1.01) 0.258

Residence-Poverty

Rural,poverty>=15% vs Rural,poverty<15% 086 (0.83, 0.89) <0.001

Urban,poverty<15% vs Rural,poverty<15% 0.89 (0.85, 0.93) <0.001

Urban,poverty >=15% vs Rural,poverty<15% 0.81 (0.77, 0.86) <0.001

Payer

Medicaid vs. Private 0.92 (0.89, 0.95) <0.001

Medicare vs. Private 0.80 (0.76, 0.84) <0.001

Managed care vs. Private 0.56 (0.52,0.59) <0.001

No insurance vs. Private 0.56 (0.51, 0.62) <0.001

Miscellaneours vs. Private 0.62 (0.59, 0.65) <0.001

Figure 1: Odds of Barrett’s esophagus based on underlining risk 
factor.
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Figure 2: linear regression of number of risk and BE among adults 
with GERD in the (a) general population and (b) in patients who 
had history of endoscopy.
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Discussion

In this study, we used a multicenter, state-wide, real-world, 
large database to assess the strength of the association be-
tween BE risk factors and its prevalence. We reported that BE 
risk factors conferred variable risk of BE, with GERD being the 
most predictive, followed by age >50 years, white race, and 
male sex. Furthermore, we reported that the number of BE risk 
factors was positively associated with the prevalence of BE; as 
the number of BE risk factors increased, the risk of BE increased 
linearly. This trend was true for both males and females but was 
more pronounced in males.

Esophageal adenocarcinoma is a leading cause of cancer-
related deaths in West [14,15]. There are several risk factors 
for EAC, however, BE is the only treatable risk factor [16,17]. 
This precursor condition develops when there is a change in 
the normal squamous lining of the esophageal mucosa into 
intestinal metaplasia. There is progression from no dysplasia 
to Low-Grade Dysplasia (LGD), High-Grade Dysplasia (HGD), 
Intramucosal Carcinoma (IMC), and invasive EAC [18,19]. De-
spite improvements in detection and treatment options, the 
incidence of BE and EAC has dramatically increased in recent 
decades [2,3]. Most GI societies recommend BE screening of 
patients with multiple risk factors [10,20,21]. However, there 
were two major concerns regarding these recommendations. 
First, until now, there as only been indirect evidence showing 
that an increasing number of risk factors are associated with an 
increased risk of BE. We published data from a meta-analysis 
in which we showed that studies of patients with more BE risk 
factors were associated with a mild increase in the prevalence 
of BE [6]. This data was based on a meta-regression analysis. In 
a meta-regression, we use study-based data and not individual-
based data. Therefore, we wanted to confirm these results us-
ing our current study design. We believe that the current results 
are an important addition to fill in the knowledge gap regarding 
the additivity of BE risk factors.

In the previous meta-analysis, we reported that each in-
crease in one BE risk factor was associated with a 1.7% increase 
in the risk of BE. In the current study, we found that each ad-
ditional BE risk factor increased the probability of BE by 0.68%. 
To our knowledge, this is the first study using a large database 
to confirm this important trend. These results support current 
recommendations for screening patients with multiple BE risk 
factors.

Although the magnitude of this increase may seem trivial, it 
is clinically relevant. Assuming a prevalence of .5% of BE in the 
general population [22,23], a population of patients with five BE 
risk factors (i.e., male sex, GERD, Age >50 years, white, and obe-
sity) will have a predicted prevalence of 3.6% (0.5%+[0.62x5]). 
In our opinion, such BE prevalence would warrant screening 
for BE in this patient population, as currently recommended by 
most GI societies.

In addition, this study provides further evidence that BE 
risk factors are unequal. Therefore, current recommendations 
[10,12] for screening patients with multiple risk factors are not 
sufficiently specific. For example, a white obese female will 
have a much lower risk of BE than a male with chronic GERD. 
The former is less likely to benefit from screening, whereas the 
latter is. Therefore, our analysis identified GERD and age>50 
as the two most important predictors. These results are in line 
with those of published studies showing that GERD is the most 
important BE risk factor. In a case-control study, Anderson et 

al. [24] reported an unadjusted OR of 12, which was remark-
ably similar to the adjusted OR reported here. In our study, the 
next most important factor was advanced age, which has not 
been reported in previous studies [25-27]. Clinically, however, 
this is one of the most important risk factors for BE. Based on 
these results, initiating screening around the age of 50 years, 
who also have other risk factors, would make the most sense 
and would be in line with colorectal cancer screening guidance. 
Therefore, screening criteria should be developed to reflect the 
varying risks inferred by each risk factor.

Strengths and limitations

Our study has several strengths. It is a multicenter, state-
wide, large database study of millions of patients and thus pro-
vides real-world experience on BE and its risk factors. However, 
as with any large-database study, there are inherent limitations. 
These included missing data, miscoding, and loss to follow-up, 
and the use of ICD and CPT codes. BE is a histologic diagnosis. 
Relying on ICD codes for this diagnosis introduces obvious limi-
tations. We attempted to address these limitations in the study 
design and statistical analysis. Additionally, the true prevalence 
of BE in the population may be inaccurate since many patients 
are likely to have BE but have never been diagnosed. We ad-
justed for this in a sensitivity analysis of BE risk among patients 
who underwent endoscopy only, and the results were similar in 
trend and magnitude. Lastly, these results, despite being multi-
centered, originated from one state, thus questioning their gen-
eralizability to a national level. However, previous studies have 
already shown that the results of this large dataset are similar 
to those of national datasets [28]. Therefore, we believe that 
our results are generalizable.

Conclusion

Several risk factors are associated with BE and EAC. This 
study showed that more risk factors are associated with a high-
er prevalence of BE. These data support the current guidelines 
that patients with multiple risk factors are at an increased risk 
for BE and may benefit from screening.
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Appendix: Diagnoses and procedure codes used to define our study.

Code Codes System Meaning

k22.7 ICD-10 Barrett’s esophagus

k22.71 ICD-10 Barrett’s esophagus with dysplasia

K22.710 ICD-10 Barrett’s esophagus with low-grade dysplasia

k22.711 ICD-10 Barrett’s esophagus with high-grade dysplasia

k22.719 ICD-10 Barrett’s esophagus dysplasia unspecified

530.85 ICD-9 Barrett's esophagus

C15 ICD-10 Malignant neoplasm of esophagus 

C15.4 ICD-10 Malignant neoplasm of middle third of esophagus 

C15.5 ICD-10 Malignant neoplasm of lower third of esophagus 

C15.8 ICD-10 Malignant neoplasm of overlapping sites of esophagus

C15.9 ICD-10 Malignant neoplasm of esophagus, unspecified site 

150.2 ICD-9 Malignant neoplasm of abdominal esophagus

150.4 ICD-9 Malignant neoplasm of middle third of esophagus 

150.5 ICD-9 Malignant neoplasm of lower third of esophagus 

150.9 ICD-9 Malignant neoplasm of esophagus, unspecified site 

530.81 ICD-9 Esophageal reflux

K21 ICD-10 Gastro-esophageal reflux disease

K22.0 ICD-10 Gastro-esophageal reflux disease without esophagitis

K22.9 ICD-10 Gastro-esophageal reflux disease with esophagitis

43197 CPT Esophagoscopy flex dx brush

43198 CPT Esophagoscopy flex transnasal biopsy

43200 CPT Esophagoscopy flexible brush

43201 CPT Esophagoscopy with submucosal injection

43202 CPT Esophagoscopy flex biopsy			 

43235 CPT Egd diagnostic brush wash

43239 CPT Esophagogastroduodenoscopy, flexible, transoral; biopsy; single or multiple

43254 CPT Esophagogastroduodenoscopy, flexible, transoral; with EMR (endoscopic mucosal resection)

43270 CPT
Esophagogastroduodenoscopy, flexible, transoral; with ablation of tumor(s), polyp(s), or other lesion(s) (includes pre- and post-dilation 
and guide wire passage, when performed)

43236 CPT Esophagogastroduodenoscopy, flexible, transoral; with directed submucosal injection(s), any substance

43243 CPT Esophagogastroduodenoscopy, flexible, transoral; injection sclerosis of esophageal/gastric varices

43244 CPT Esophagogastroduodenoscopy, flexible, transoral; band ligation of esophageal/gastric varices

43245 CPT Esophagogastroduodenoscopy, flexible, transoral; with dilation of gastric/duodenal stricture(s) (eg, balloon, bougie)

43247 CPT Esophagogastroduodenoscopy, flexible, transoral; with removal of foreign body(s) 

43248 CPT
Esophagogastroduodenoscopy, flexible, transoral; insertion of guide wire followed by passage of dilator(s) through esophagus over 
guide

43249 CPT Esophagogastroduodenoscopy, flexible, transoral; transendoscopic balloon dilation of esophagus (<30 mm)

43233 CPT
Esophagogastroduodenoscopy, flexible, transoral; with dilation of esophagus with balloon (30 mm diameter or larger) (includes fluoro-
scopic guidance, when performed) 

43250 CPT Esophagogastroduodenoscopy, flexible, transoral; with removal of tumor(s), polyp(s), or other lesion(s) by hot biopsy forceps

43251 CPT Esophagogastroduodenoscopy, flexible, transoral; with removal of tumor(s), polyp(s), or other lesion(s) by snare technique

43252 CPT Esophagogastroduodenoscopy, flexible, transoral; with optical endomicroscopy

43255 Esophagogastroduodenoscopy, flexible, transoral; with control of bleeding, any method

43257 CPT
Esophagogastroduodenoscopy, flexible, transoral; with delivery of thermal energy to the muscle of lower esophageal sphincter and/or 
gastric cardia, for treatment of gastroesophageal reflux disease 4


