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Abstract

Background—Clinical prediction models targeting patients for Barrett’s esophagus (BE) 

screening include data obtained by interview, questionnaire, and body measurements. A tool based 

on electronic health records (EHR) data could reduce cost and enhance usability, particularly if 

combined with non-endoscopic BE screening methods.

Aims—To determine whether EHR-based data can identify BE patients.

Methods—We performed a retrospective review of patients ages 50–75 who underwent a first-

time esophagogastroduodenoscopy. Data extracted from the EHR included demographics and BE 

risk factors. Endoscopy and pathology reports were reviewed for histologically confirmed BE. 

Screening criteria modified from clinical guidelines were assessed for association with BE. 

Subsequently, a score based on multivariate logistic regression was developed and assessed for its 

ability to identify BE subjects.

Results—A total of 2931 patients were assessed, and BE was found in 1.9%. Subjects who met 

screening criteria were more likely to have BE (3.3% vs. 1.1%, p = 0.001), and the criteria 

predicted BE with an AUROC of 0.65 (95% CI 0.59–0.71). A score based on logistic regression 

modeling included gastroesophageal reflux disease, sex, body mass index, and ever-smoker status 

and identified BE subjects with an AUROC of 0.71 (95% CI 0.64–0.77). Both prediction tools 

produced higher AUROCs in women than in men.
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Conclusions—EHR-based BE risk prediction tools identify BE patients with fair accuracy. 

While these tools may improve the efficiency of patient targeting for BE screening in the primary 

care setting, challenges remain to identify high-risk patients for non-invasive BE screening in 

clinical practice.
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Introduction

Esophageal adenocarcinoma (EAC) has rapidly increased in incidence over the past several 

decades and continues to carry a poor prognosis [1, 2]. Low survival rates are due in part to 

late detection, with most patients demonstrating advanced disease at diagnosis [3]. Barrett’s 

esophagus (BE) is a known precursor of EAC, and endoscopic surveillance of BE may 

potentially reduce EAC mortality through early cancer detection as well as endoscopic 

treatment of precancerous lesions [4–7]. Unfortunately, approximately 90% of EAC patients 

do not receive a prior BE diagnosis [8, 9]. Thus, the opportunity may be missed to identify 

and intervene in at-risk patients [5, 10, 11].

Widespread screening of the general population for BE by upper endoscopy is impractical 

and expensive. Recently, there has been considerable interest in developing non-endoscopic 

methods to diagnose BE and would ideally be employed in the primary care setting [12–16]. 

In order to limit the false positive rate of these tests and minimize the number of 

unnecessary confirmatory endoscopies, appropriate selection of patients at higher risk for 

EAC is critical. Also, to achieve optimal uptake in the primary care setting, identification of 

appropriate patients for non-endoscopic BE screening will require minimal time and effort 

on the part of physicians and staff.

Current guidelines from gastroenterology societies suggest that screening for BE should be 

considered in individuals with multiple EAC risk factors, including gastroesophageal reflux 

disease (GERD), age ≥ 50years, white race, male sex, central obesity, cigarette smoking, and 

a family history of EAC [17, 18]. BE risk prediction models based on many of these factors 

have been developed [19–25]. However, these models require data collection by the provider 

in the form of a patient interview, questionnaire, and/or measurement of waist and hip 

circumference, all of which may prove impractical in the clinical setting.

The electronic health record (EHR) contains readily available data that could allow for 

identification of patients at higher risk for EAC without additional provider input. Compared 

to existing BE prediction models, use of an HER-based tool to identify screen-eligible 

patients could reduce cost and increase ease and speed of administration, particularly if 

combined with non-endoscopic BE screening methods in the primary care setting. The aim 

of this study was to determine whether patient characteristics that can be readily extracted 

from the EHR can predict which individuals are most likely to have BE within a diverse 

patient population who had undergone a first upper endoscopy.
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Methods

Study Population

We performed a retrospective chart review of patients ages 50–75 who underwent a first-

time esophagogastroduodenoscopy (EGD) at Columbia University Medical Center (CUMC) 

between January 2015 and December 2017. Patients were excluded if the patient medical 

history was not contained within our EHR system (Allscripts, Chicago, Illinois) or if the 

patient had a history of a prior EGD. History of a prior EGD was determined by review of 

the EHR for an antecedent EGD report, in addition to review of the current EGD indication 

for the suggestion of a prior endoscopy (e.g., “Follow up of Barrett’s esophagus”). The 

Institutional Review Board of Columbia University Medical Center approved this study.

Chart Abstraction

Manual review of the EHR was performed for all patients who had undergone a first EGD. 

The following chart sections were reviewed: active problem list, past medical history, family 

history, social history, medications, and vital signs. Individual provider notes were not 

reviewed, as we felt that the time and effort required would not facilitate efficient targeting 

of patients for BE screening in clinical practice. We extracted data on the following 

variables: age, sex, race, ethnicity, body mass index (BMI), smoking history, family history, 

history of a diagnosis of GERD, history of a typical GERD symptom (heartburn or 

regurgitation), use of a proton-pump inhibitor (PPI) medication within 1year prior to EGD, 

and use of an H2-receptor antagonist (H2RA) medication within 1year prior to EGD.

The indication for each EGD was recorded and categorized as yes or no for GERD. If any of 

the listed indications suggested that the patient had a history of GERD, then indication was 

categorized as yes for GERD. All EGD and pathology reports were manually reviewed. The 

presence of BE was defined as endoscopic evidence of BE based on the endoscopy report, 

combined with the presence of intestinal metaplasia on esophageal biopsies. “Irregular Z-

lines” were not counted as endoscopic evidence of BE. For purposes of these analyses, cases 

in which EAC or gastroesophageal junction (GEJ) adenocarcinoma was found were counted 

as BE.

BE Screening Criteria Development and Analysis (Method 1)

In order to generate an EHR-based tool to predict BE, two approaches were taken. The first 

was the development of an a priori set of criteria, modified from clinical guide-lines, to 

identify patients likely to have BE. The purpose of this approach was to create a simple, 

highly efficient checklist which could be used to rapidly target patients for BE screening. 

The second approach was to use logistic regression modeling to identify EHR-based factors 

which predict BE. This information could then be used to generate a risk score based on the 

association of individual factors with BE.

Employing the first approach, patients were identified as hypothetical candidates for BE 

screening (“eligible” or “ineligible”) according to prespecified criteria, hereafter referred to 

as “BE screening criteria.” Given the increased prevalence of BE and EAC in men, BE 

screening criteria were made more permissive for men compared to women [19, 26, 27]. The 

Baldwin-Hunter et al. Page 3

Dig Dis Sci. Author manuscript; available in PMC 2020 April 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



risk factors assessed were: GERD, ever-smoker, BMI ≥ 30kg/m2, and first-degree relative 

with esophageal or gastric cancer. For BMI, a cutoff of 30 kg/m2 was chosen given that this 

represents the frequently used definition of obesity and is also associated with an increased 

risk of BE and EAC [28]. For family history, we chose to broaden the definition to include 

gastric cancer to capture GEJ cancers that may have been classified in the medical record as 

gastric cancer. Men were considered screen eligible if any of the risk factors were present. 

Women were considered screen eligible if GERD was present as well as at least one 

additional risk factor. The decision to make GERD a mandatory criterion for women was 

based largely on the fact that GERD is the strongest known modifiable risk factor for BE and 

EAC.

GERD was classified as present if any of the following were noted in the EHR: GERD 

diagnosis listed under active problem list or past medical history; typical GERD symptom 

(heartburn or regurgitation) listed under active problem list or past medical history; PPI 

listed as an active medication within 1 year prior to EGD; or H2RA listed as an active 

medication within 1 year prior to EGD.

Categorical variables were compared between groups using Fisher’s exact tests, and 

continuous variables were compared using t tests or rank sum tests, where appropriate. The 

ability of the prespecified BE screening criteria to predict which patients would have BE on 

upper endoscopy was assessed in the entire study population through calculation of 

sensitivity, specificity, positive and negative likelihood ratios, and area under the receiver 

operating characteristic curve (AUROC). Analyses were then repeated stratified by sex. In 

secondary analyses, the above was repeated but with subjects categorized based on the 

presence of “high risk” BE lesions, defined as length ≥ 3cm and/or low-grade dysplasia or 

worse on biopsies.

BE Risk Prediction Model Development and Analysis (Method 2)

For the second approach, we developed an EHR-based BE risk prediction score using 

multivariate logistic regression analyses. The candidate predictor variables proposed for the 

model were established risk factors associated with BE and EAC: age, sex, race, BMI, 

smoking history (ever vs. never), family history, and GERD [19, 26, 27, 29–35]. For GERD, 

we evaluated combinations of the various EHR-based methods to “define” GERD (GERD 

diagnosis, GERD symptom, PPI use, H2RA use) to determine whether a particular definition 

may better identify patients with BE. For each of these combinations, we calculated odds 

ratios and AUROCs for the association with BE. We performed multivariable logistic 

regression modeling, including in a full model all variables associated with BE with a p 
value < 0.10. Smoking history was categorized as ever/never, and BMI was evaluated as a 

continuous variable. We subsequently created a reduced model, removing variables in a 

stepwise fashion with highest p value that was > 0.15. We then forced the indication for 

EGD into the selected multivariable model to assess whether this impacted the results. These 

analyses were performed for the entire study population and then repeated stratified by sex. 

For the final models, the optimal cut-points were determined using the Youden’s index 

method [36]. The Youden’s index is calculated for each possible cut point as (sensitivity + 

specificity – 1) and is defined graphically as the vertical distance between the ROC curve 
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and the diagonal chance line. AUROCs were calculated for the models, and tenfold cross-

validation was performed. As described above in Method 1, secondary analyses were 

performed to assess a risk prediction model for the identification of “high risk” BE lesions. 

Statistical significance was defined as p < 0.05. All analyses were performed using Stata 

14.0 (StataCorp, College Station, TX).

Results

Patient Characteristics

A total of 2931 patients underwent a first EGD between 2015 and 2017 and were included in 

the study analyses. Patient characteristics are shown in Table 1. The majority of patients 

were female (55.3%), mean BMI was 28.8 (SD 7.5), 36.4% of patients were ever-smokers, 

and 23.7% had a GERD-related indication for EGD. The prevalence of histologically 

confirmed BE was 1.9%. The median length of BE was 2.0cm (IQR 1.0–3.0 cm). Forty-

three patients (75.4%) had no dysplasia, 5 had indefinite dysplasia (8.8%), 1 had low-grade 

dysplasia (1.8%), 2 had high-grade dysplasia (3.5%), and 6 had adenocarcinoma (10.5%). 

Twenty patients had “high risk” BE (length ≥ 3 cm and/or low-grade dysplasia or worse). 

Patients with BE had a higher mean BMI (30.9 vs. 28.7, p = 0.04) and were more likely to 

be an ever-smoker (54.4 vs. 36.2%, p = 0.02), to have a GERD diagnosis (42.1 vs. 23.3%, p 
= 0.002), and to have used a PPI within one year prior to EGD (38.6 vs. 23.0%, p = 0.01). 

No significant difference was seen in the prevalence of GERD symptoms, H2RA use, or 

family history of esophageal or gastric cancer in patients with and without BE.

EHR‑Based BE Screening Criteria

Using the prespecified criteria, 44% of patients would have been eligible for BE screening 

(68.5% of men, 31.5% of women). Screen-eligible patients had a significantly higher 

prevalence of BE (3.3 vs. 1.1%, p = 0.001). Overall, BE screening criteria discriminated 

between patients with and without BE with 73.7% sensitivity and 56.7% specificity and 

produced an AUROC of 0.65 (95% CI 0.59–0.71) and positive and negative likelihood ratios 

of 1.70 and 0.46, respectively (Table 2). When stratified by sex, the criteria were more 

sensitive (87.5%) and less specific (56.7%) in men and produced a lower AUROC of 0.60. 

Among women, the criteria were less sensitive (32.6%) but more specific (76.0%) and 

produced a higher AUROC of 0.66 (Fig.1). In secondary analyses, the prespecified criteria 

identified patients with “high risk” BE lesions with 90.0% sensitivity, 56.4% specificity, and 

an AUROC of 0.73 (95% CI 0.66–0.80).

Development of EHR‑Based BE Risk Prediction Model

In order to determine the best method to parameterize GERD from the EHR, various 

combinations of GERD-related variables were assessed as predictors of BE (Supplementary 

Table 1). Addition of GERD symptoms to GERD diagnosis did not further increase the 

AUROC. Interestingly, all of the potential GERD definitions had numerically higher 

AUROCs in women as compared to men. The definition of GERD as (GERD diagnosis or 

PPI use or H2RA use) produced the highest AUROC (0.62, 95% CI 0.56–0.69), and this 

definition was used for subsequent analyses to define GERD.
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The final multivariable model for association with BE included sex, smoking history, BMI, 

and GERD and produced an AUROC of 0.71 (95% CI 0.64–0.77) (Fig.2 and Table 3). In 

cross-validation, the AUROC for the model was 0.66 (95% CI 0.59–0.73). The optimal cut-

point from this model was associated with 79.2% sensitivity and 58.0% specificity. 

Removing sex from the model and then stratifying by sex, the AUROCs were again 

numerically higher in women than in men. In women, the AUROC was 0.77 (95% CI 0.69–

0.86; cross-validation AUROC 0.75), while in men the AUROC was 0.61 (95% CI 0.51–

0.71, cross-validation AUROC 0.55).

In secondary analyses, a risk prediction model was developed and analyzed for the 

identification of “high risk” BE lesions. The final multivariable model included sex, 

smoking history, and GERD. This model produced an AUROC of 0.76 (95% CI 68–85) and 

was 0.70 (95% CI 0.62–0.79) in cross-validation. The optimal cut-point from this model for 

“high risk” BE was associated with 85.0% sensitivity and 63.2% specificity.

Discussion

In the current study, we demonstrated that EAC risk factors identified from patient electronic 

health records could be used to identify patients who had BE on upper endoscopy. The first 

approach was an a priori set of BE screening criteria (the “checklist” approach) that 

discriminated between BE and non-BE patients with fair accuracy. With the second 

approach, we developed a risk score based on a logistic regression modeling that included 

history of GERD, BMI, and ever-smoker status, and this score was similar to the a priori BE 

screening criteria in predicting the presence of BE. Interestingly, both approaches were more 

accurate in women than in men.

Several prior studies have put forth BE risk prediction models [20–24]. In general, these 

models included data elements that required patient or provider input. Frequency, duration, 

and severity of GERD symptoms were generally assessed by questionnaire. Waist-to-hip 

ratio requires body measurements that are not routinely performed in clinical practice. Pack 

years of smoking and highest level of education are not routinely and accurately recorded in 

the medical records. Few models have been put forth to identify patients at highest risk for 

EAC, and most of these models also require information that is not readily obtained from the 

EHR [37–39]. Recently, a Swedish case control study has developed a simplified EAC risk 

prediction model, which could theoretically be applied to the EHR [39]. The variables 

included in this model were BMI, smoking status, and the presence of either GERD 

symptoms or acid suppressant medication use. In our analyses, however, EHR-derived 

GERD symptoms were a poor predictor of any BE and of high-risk BE. The BE prediction 

tools proposed in the current study were generated solely using EHR-derived data and 

performed comparably to existing clinical prediction models.

BE screening practices may evolve dramatically in the near future as the development of 

minimally invasive BE screening methods continues to advance. These methods may offer a 

low-cost, low-risk alternative to endoscopic BE screening and can potentially be 

administered in the primary care setting. The best studied of these methods is the 

Cytosponge, a cell sampling device that, in combination with immunohistochemical staining 
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for trefoil factor 3, has been shown to diagnose BE with 80% sensitivity and 92% specificity 

[16]. Additional minimally invasive tests for BE under investigation include use of tethered 

sampling devices to assess methylated DNA markers, breath testing, and analysis of the 

salivary microbiome [13–15]. As investigations continue of these novel BE screening 

methods for use in the primary care setting, questions remain as to which patients should be 

offered these tests, and how primary care providers, with limited resources and competing 

healthcare tasks, can identify these patients efficiently. EHR-derived data represent an 

inexpensive and efficient means to identify these patients. Additionally, many current EHR 

systems have the capacity to extract relevant data to generate electronic alerts for providers 

that would identify patients who are candidates for screening. However, it is unclear whether 

a non-endoscopic screening strategy will ultimately be superior to an endoscopic screening 

strategy to identify patients at high risk for EAC. While likely cheaper and more efficient, a 

non-endoscopic testing strategy would be impacted by the sensitivity and specificity of an 

EHR-based approach to identify patients at risk for BE, combined with the test 

characteristics of a non-endoscopic test.

Unexpectedly, the BE prediction criteria and model-based score were more accurate at 

predicting BE in women than in men. Within our study population, GERD, smoking, and 

obesity were all more strongly associated with BE in women than in men (data not shown). 

The current study evaluated patients presenting for first-time upper endoscopy, and thus, 

referral bias may explain these findings. For instance, compared to men who undergo upper 

endoscopy, women may have more frequent or long-standing reflux. Providers may also 

have a higher threshold to screen for BE in women due to the lower prevalence of BE and 

EAC in this population. There also may be differences between men and women in terms of 

GERD symptom reporting.

The present study has several strengths. We analyzed a large sample of patients with and 

without BE. The study population was diverse with over 50% women, and fewer than 55% 

white. We used a strict definition of BE that required both endoscopic evidence and 

histologic confirmation of BE, minimizing any disease misclassification. From a cancer 

prevention standpoint, the identification of patients at highest risk for EAC would be most 

useful. While the number of “high risk” BE patients was somewhat small, the EHR-based 

approaches did identify these individuals with relatively good accuracy.

There were also certain limitations. Selection bias may have been introduced by including 

patients undergoing first-time upper endoscopy, who may not be representative of patients in 

the primary care setting. EHR-based data do not capture well GERD severity and duration or 

quantitative smoking history, and this information may improve identification of BE 

patients. Similarly, family history of BE or EAC may not be reliably recorded in the EHR.

In conclusion, risk factors for EAC extracted from the EHR identify patients with BE with 

fair accuracy. While these data do not identify new risk factors for BE, they do suggest that 

appropriate patient selection for BE screening may be accomplished simply through review 

of the EHR. However, future studies are required to determine whether EHR-based 

algorithms can be improved to better identify patients with BE. Particularly, if coupled with 

non-endoscopic BE screening, the use of EHR-based data represents an inexpensive and 
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efficient mechanism to identify patients at risk for EAC and can be translated to the primary 

care setting. Additional studies are warranted to develop automated, EHR-based 

identification of patients at high risk for EAC who may benefit from screening.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Receiver operating characteristic curves for prespecified BE screening criteria among a all 

subjects, b men, and c women undergoing first-time upper endoscopy

Baldwin-Hunter et al. Page 11

Dig Dis Sci. Author manuscript; available in PMC 2020 April 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 2. 
Receiver operating characteristic curves for Barrett’s esophagus risk score based on logistic 

regression modeling among a all subjects, b men, and c women undergoing first-time upper 

endoscopy. The model includes sex, gastroesophageal reflux disease, body mass index, and 

ever-smoker status, with sex removed from the models for sex-stratified analyses
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Table 3

Final BE prediction model for the full population based on EHR-derived patient data

β coefficient 95% CI

GERD
a 1.05 0.43 to 1.67

Male sex 0.52 − 0.07 to 1.12

Ever-smoker (vs. never) 0.66 0.07 to 1.25

BMI (per m/kg2) 0.03 − 0.01 to 0.06

BE Barrett’s esophagus, BMI body mass index, CI confidence interval, EHR electronic health record, GERD gastroesophageal reflux disease

a
GERD defined as GERD diagnosis or PPI use or H2RA use
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