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IMPORTANCE Gastroesophageal reflux disease (GERD) is associated with a strong and

severity-dependent increased risk of esophageal adenocarcinoma. Whether antireflux

surgery prevents esophageal adenocarcinoma is a matter of uncertainty.

OBJECTIVES To examine whether antireflux surgery is associated with reduced risk of

esophageal adenocarcinoma and whether the risk is different between surgically and

medically treated patients.

DESIGN, SETTING, AND PARTICIPANTS In thismultinational, population-based retrospective

cohort study fromDenmark, Finland, Iceland, Norway, and Sweden, patients undergoing

surgery were followed up for a median of 12.7 years, and a comparison group of patients

receiving medication only were followed up for a median of 4.8 years. All patients with

a registered diagnosis of GERD (or an associated disorder), including 48 414 individuals

undergoing surgery and 894492 receiving medication only, were included in the study.

The study periods varied in the different countries depending on the year of initiation of

registration and the date of data retrieval, from January 1, 1964, to December 21, 2014.

EXPOSURES Antireflux surgery for GERD.

MAIN OUTCOMES ANDMEASURES The risk of esophageal adenocarcinoma over time after

surgery was compared with that in a corresponding background population using

standardized incidence ratios (SIRs) with 95% CIs and with patients with GERDwho received

medication using multivariable Cox proportional hazards regression, providing hazard ratios

(HRs) with 95% CIs adjusted for confounders.

RESULTS In this study of 942906patientswithGERD, 48414underwent antireflux surgery

(median[interquartilerange]age,66.0[58.0-73.0]years;27 161male[56.1%])and894492received

medicationonly (median[interquartile range]age,71.0[62.0-78.0]years;434035male[48.6%]).

Amongpatients undergoing surgery, 177 developed esophageal adenocarcinoma. Esophageal

adenocarcinoma risk decreased in a time-dependentmanner after surgery comparedwith the

backgroundpopulation (5 to<10yearsafter surgery:SIR, 7.63;95%CI,5.42-10.43;$15yearsafter

surgery:SIR, 1.34;95%CI,0.98-1.80).Amongpatientswithmoresevereandobjectivelydetermined

GERD, the SIRswere 10.08 (95%CI, 6.98-14.09) at 5 to less than 10 years after surgery and 1.67

(95%CI, 1.15-2.35)at 15yearsormoreaftersurgery.Theriskofesophagealadenocarcinomadidnot

changeover time in surgical patients comparedwithpatientswho receivedmedicationonly (5 to

<10years after surgery:HR, 2.02;95%CI, 1.44-2.84;$15years:HR, 1.80;95%CI, 1.28-2.54). The

risk remained stable over time in analyses restricted to severe reflux disease (5 to <10 years after

surgery: HR, 1.81; 95%CI, 1.24-2.63;$15 years after surgery: HR, 1.69; 95%CI, 1.14-2.51).

CONCLUSIONS AND RELEVANCE Medical and surgical treatment of GERDwere associated with

a similar reduced esophageal adenocarcinoma risk, with the risk decreasing to the same level

as that in the background population over time, supporting the hypothesis that effective

treatment of GERDmight prevent esophageal adenocarcinoma.
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G
astroesophageal reflux disease (GERD), mainly de-

fined by heartburn or regurgitation,1 is an increas-

ingly commonpublic health concern, affecting 10% to

20%of adults inWesternpopulations.2,3GERD is strongly and

dose dependently associated with the risk of esophageal

adenocarcinoma, particularly in individuals with severe and

objectivelydeterminedreflux (ie,esophagitisorBarrettesopha-

gus [premalignant metaplasia]).4,5 Esophageal adenocarci-

noma is characterizedby increasing incidence, treatmentcaus-

ingseriousmorbidity,andpoorprognosis,highlightingtheneed

forpreventivemeasures.6 If antireflux therapywith surgeryor

medicationpreventsesophagealadenocarcinoma, itcouldopen

newopportunitiesofprevention;however, this isa topicofcon-

troversy,with conflicting and insufficient research findings.7,8

Antirefluxsurgerymimicsahumanmodel for studiesof therisk

of esophageal adenocarcinoma after antireflux therapy be-

cause, starting fromadefineddate, it creates amechanical bar-

rier that prevents duodenogastric contents from reaching the

esophagus, with good long-term outcomes.9 However, the

existing literature is sparse, and previous investigations are

hampered by small sample sizes, short and incomplete

follow-up, varying control groups, and selection bias attribut-

able to the lackofpopulation-baseddesigns.10This largepopu-

lation-based cohort study with long and complete follow-up

aimed to clarify whether antireflux surgery is associatedwith

reduced risk of esophageal adenocarcinoma using both the

background population and patients with GERD receiving

only medication as comparison groups.

Methods

Study Design

This multinational, population-based cohort study (Nordic

Antireflux SurgeryCohort)was basedon information fromna-

tionwide health data registries uniquely available from all 5

Nordic countries (ie, Denmark, Finland, Iceland, Norway, and

Sweden). The Nordic Antireflux Surgery Cohort has been de-

scribed indetail inacohortprofile.11Thesimilar structureof the

nationwide health data registries in the Nordic countries and

the use of personal identity numbers of each resident in the

Nordic countries enabled linkages of individuals’ information

among the registries.11,12 All required ethical and data permis-

sionswere retrieved from the relevant authoritieswithin each

country (The Danish Data Protection Agency; Population

Register Centre, National Institute for Health and Welfare,

StatisticsFinland;The IcelandicDataProtectionAuthority,The

National Bioethics Committee; Regional Ethics Committee,

Norway; and Regional Ethics Committee, Sweden).11

The study exposure was antireflux surgery for GERD ac-

cording to procedure codes and diagnosis codes in the pa-

tient registries (eTable 1 in theSupplement). Theoutcomewas

the risk of developing esophageal adenocarcinoma (includ-

ing the gastroesophageal junction) over time after antireflux

surgery, recorded with relevant diagnosis codes and histo-

pathologiccodes in thecancer registries (eTable2 in theSupple-

ment). Two control groups were used: the background popu-

lation of individuals with age, sex, and calendar year that

corresponded to that of the group having undergone

antireflux surgery and patients with GERD who did not

undergo antireflux surgery (antirefluxmedication only). The

medication-only patients were identified through diagnosis

codes in the patient registries (eTable 1 in the Supplement).

Dataonsecondaryantirefluxsurgeryandendoscopic treat-

ment against metaplasia were retrieved for descriptive pur-

poses. A subcohort was established that consisted of patients

withmoresevereandobjectivelydeterminedrefluxdisease (ie,

refluxesophagitis orBarrett esophagus).Data regarding covar-

iateswere retrieved fromthenationwidepatient registries and

included sex, age, calendar year, chronic obstructive pulmo-

nary disorder (proxy for tobacco smoking), and obesity diag-

nosis or type 2 diabetes (proxies for obesity). All participants

were 18 years or older at the timeof the first diagnosis ofGERD

and the first antireflux surgery. The studyperiodsvaried in the

different countries depending on the year of initiation of reg-

istration and the date of data retrieval andwere July 1, 1979, to

December 31, 2014, in Denmark; January 1, 1968, to December

31, 2014, in Finland; January 1, 2000, to December 31, 2013, in

Iceland; January 1, 2007, toDecember31, 2013, inNorway; and

January 1, 1964, to December 31, 2013, in Sweden.

Data Sources

The patient registries provided codes and dates that repre-

sented all diagnoses and surgical procedures from inpatient

and specializedoutpatient care in eachNordic country, aswell

as the date of birth and sex of the patients. These registries

reached complete nationwide coverage in 1978 (Denmark),

1967 (Finland), 1999 (Iceland), 1997 (Norway), and 1987

(Sweden). The completeness and validity of the information

in the patient registries are high, with positive predictive val-

ues of 85% to 100% for most diagnoses and operations.13-15

The cancer registries provided anatomical and histologic

codes for all esophageal adenocarcinomas within each

Nordic country. Nationwide registration started in 1943 in

Denmark, 1953 in Finland and Norway, 1955 in Iceland, and

1958 in Sweden. The incidence of esophageal adenocarci-

noma is similar in the Nordic countries; therefore, only the

Key Points

Questions Is treatment of gastroesophageal reflux disease (GERD)

associatedwith decreased risk of esophageal adenocarcinoma, and

is there a difference in risk between patients treatedwith antireflux

surgery and those receivingmedication only?

Findings Thismultinational, population-based cohort study

included 48414 individuals who underwent antireflux surgery and

894492 individualswithGERDtreatedwithmedicationonly inanyof

the 5Nordic countries. The risk of esophageal adenocarcinoma

decreasedover timeafter antireflux surgery to reach a similar level as

that in the backgroundpopulation andwas similarwhen comparing

individualswhounderwent surgerywith thosewhodid not.

Meaning Both antireflux surgery andmedicationmay be

associated with decreased risk of esophageal adenocarcinoma in

patients with GERD, decreasing to a similar level as that in the

background population over time.
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Swedish Cancer Registry was used to assess the overall inci-

dence of esophageal adenocarcinomas in the general back-

groundpopulation.TheNordiccancer registrieshavebeenvali-

dated in numerous studies.16-19The completeness of the data

is 98.2% or greater, and the accuracy of the data is 93.8% or

greater. The causes of death registries and population regis-

tries provided date of death for all study participants, with

virtually 100% completeness.12,20

The Swedish Prescribed Drug Registry provided data re-

garding any dispensed prescription of proton pump inhibi-

tors andhistamine2 (H2) receptor antagonists andwasused to

validate theuseof antirefluxmedication amongpatientswith

GERD who did not undergo antireflux surgery. The nation-

wide registration started in 2005.

Statistical Analysis

Standardized incidence ratios (SIRs) and 95% CIs were calcu-

lated to compare the riskof esophageal adenocarcinoma inpa-

tients who underwent antireflux surgery and patients who re-

ceived medication only with that in the corresponding

background population. The incidence of esophageal adeno-

carcinoma in the background populationwas based on the in-

cidence in the general Swedish population of the correspond-

ing sex, age (<50, 50-65, or >65 years), and calendar period

(1980-1984, 1985-1999,or2000-2015).Apatiententeredtheco-

hort at the date of first GERD diagnosis or at the date of anti-

reflux surgery,whichever came first. Apatient contributedob-

servations (person-years andesophageal adenocarcinomas) to

the GERD group fromdate of diagnosis until date of antireflux

surgery, date of esophageal adenocarcinoma, date of death, or

end of study period, whichever came first. A patient contrib-

uted observations to the antireflux surgery group fromdate of

operation until date of esophageal adenocarcinoma, date of

death,orendofstudy,whichevercamefirst.Theobservednum-

ber of esophageal adenocarcinomas in the antireflux surgery

groupand in themedication-onlygroupwasdividedby theex-

pectednumberamongindividualsofthecorrespondingage,sex,

and calendar period and categorized for total individual time

of follow-up into5 to less than 10years, 10 to less than 15years,

or 15 years ormore after antireflux surgery or refluxdiseasedi-

agnosis. The first 5 years of follow-up were excluded to coun-

teract detection bias and to include only exposure time long

enough to allow the exposure to influence the risk of esopha-

geal adenocarcinoma. To further assess the trends in the risk

of developing esophageal adenocarcinoma over time after

antireflux surgery andmedication,P values for trendwere de-

termined using Poisson regression. P < .05 (2-sided) was con-

sidered to indicate statistical significance.

For comparisonbetween the antireflux surgery groupand

the GERD group, person-years and esophageal adenocarci-

noma cases were allocated as described above. Cox propor-

tional hazards regression was used to calculate hazard ratios

(HRs) and 95% CIs, categorized by total individual time of

follow-up into 5 to less than 10 years, 10 to less than 15 years,

or 15 years or more after antireflux surgery or reflux diagno-

sis. The initial 5 years were excluded for the reasons stated

above. The HRs were adjusted for sex, age at follow-up (<50,

50-65, or >65 years), calendar period of follow-up (1984 or

earlier, 1985-1999, or 2000 or later), chronic obstructive pul-

monarydisorder (yesorno), andobesityor type2diabetes (yes

or no) diagnosed before the beginning of follow-up.

Forvalidationpurposes, all dispensedprescriptionsofpro-

ton pump inhibitors and H2-receptor antagonists among pa-

tients with GERD who did not undergo antireflux surgery in

Sweden since 2007 were identified regardless of duration of

treatment.Theregistrationstarted inSwedenin2005,but2007

was chosen to accurately assess new treatment episodes and

exclude ongoing medication.

All statistical analyses were conducted by an experi-

encedbiostatistician(K.W.)accordingtoapredefinedstudypro-

tocol. The statistical analyseswere conductedusing IBMSPSS

Statistics, version 24 (IBM Corp).

Results

Participants

The total GERD cohort included 942906 patients. The study

included 48414 individuals who underwent antireflux sur-

gery (median [interquartile range (IQR)] age, 66.0 [58.0-73.0]

years; 27 161 male [56.1%]) and 894492who did not undergo

surgery (median [IQR] age, 71.0 [62.0-78.0] years; 459 340

female [51.4%]). The group who underwent antireflux sur-

gery included 30537 with severe GERD. The group who had

not undergone antireflux surgery included 264543 with se-

vere GERD. Table 1 presents characteristics of the partici-

pants. The median follow-up time was longer in the surgery

group (12.7 years; IQR, 7.8-16.9 years) than in the nonsurgery

group (4.8years; IQR, 2.0-9.9years) butwas longer in thenon-

surgical subcohortwith severe GERD (7.0 years; IQR, 2.4-12.6

years). In total, 617 181 person-years were accumulated after

surgery and 6 511 385 person-years after reflux diagnosis.

Among the patients with GERD in the nonsurgery group for

whom data regarding medication were available, 183 699

(92.1%)were recorded users of antirefluxmedication (proton

pump inhibitor or H2-receptor antagonist), and among these,

165 773 (90.2%) received their first prescription within 3

months before or after the GERD diagnosis. Among patients

with severeGERD, 7143 (97.3%) in thenonsurgery groupwere

recorded users of antireflux medication, and 6530 (91.4%)

received their first prescription within 3 months before or

after the GERD diagnosis. In the antireflux surgery group,

2695 (5.6%) underwent secondary antireflux surgery among

patientswith anyGERDand2029 (6.6%) amongpatientswith

severe GERD. In both the surgery and nonsurgery groups,

less than 0.1% underwent endoscopic treatment against

metaplasia (Table 1).

Antireflux Surgery Group vs Background Population

Amongpatientswhohadundergoneantirefluxsurgery, 177new

cases (0.4%) of esophageal adenocarcinoma were identified

during follow-up. The SIR was high initially after surgery but

decreased over time; the SIR was 7.63 (95% CI, 5.42-10.43)

among patients with 5 to less than 10 years of follow-up after

surgery, 3.64 (95%CI,2.66-4.85) amongpatientswith 10 to less

than 15yearsof follow-upafter surgery, and 1.34 (95%CI,0.98-
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1.80) among patients with 15 years or more of follow-up after

surgery (P<. 001, for trend) (Table 2).

In the subcohort of individuals with severe GERD, 149

esophageal adenocarcinomas occurred after antireflux sur-

gery. TheSIRswere generallyhigher than those in the total co-

hort, although the pattern of decreasing SIRs with time after

surgery was similar. The SIR was 10.08 (95% CI, 6.98-14.09)

among patients with 5 to less than 10 years of follow-up after

surgery and 1.67 (95% CI, 1.15-2.35) among patients with 15

years or more of follow-up after surgery (P<.001, for trend)

(Table 2).

AntirefluxMedication Group vs Background Population

In the group with GERD who did not undergo surgery, 2368

cases (0.3%) of esophageal adenocarcinoma were identified.

TheSIRswere increasedearlyafterdiagnosisbutdecreasedwith

timeafterdiagnosis; theSIRwas2.06(95%CI, 1.83-2.30)among

patientswith 5 to less than 10years of follow-up, 1.56 (95%CI,

1.35-1.81) among patients with 10 to less than 15 years of

follow-up, and 0.69 (95% CI, 0.59-0.81) among patients with

15 years or more of follow-up after the GERD diagnosis

(P<.001, for trend) (Table 2).

In the subcohort of individualswith severeGERD, the SIR

among patients with severe GERD (1351 cases of esophageal

adenocarcinoma) decreased from 3.90 (95% CI, 3.40-4.45)

among patients with 5 to less than 10 years of follow-up after

diagnosis to 1.16 (95% CI, 0.97-1.39) among patients with 15

years ormore of follow-up after diagnosis (P<. 001, for trend)

(Table 2).

Antireflux Surgery Group vs AntirefluxMedication Group

The analysis of patients with GERDwho had undergone anti-

reflux surgery compared with those who did not (reference

group) showed that the adjustedHR of esophageal adenocar-

cinomawas stable over time after antireflux surgery or reflux

diagnosis. The HR was 2.02 (95% CI, 1.44-2.84) among pa-

tients with 5 to less than 10 years of follow-up and 1.80 (95%

CI, 1.28-2.54) among patients with 15 years or more of

follow-up (Table 3). In the subcohort with severe GERD, the

adjustedHRwas 1.81 (95%CI, 1.24-2.63) among patientswith

5 to less than 10 years of follow-up and 1.69 (95% CI, 1.14-

2.51) among patients with 15 years or more of follow-up

(Table 3).

Discussion

This study found an increased risk of esophageal adenocar-

cinoma initially after antireflux surgery and GERD diagnosis

(using medication) compared with the background popula-

tion; the risk decreased over time, approaching the level

of that in the background population. The risk estimates

were stable over time in the comparison of patients with

GERD undergoing operations with those receiving medica-

tion only, indicating a similar association of antireflux medi-

cation with risk of esophageal adenocarcinoma. The pat-

terns were similar in analyses restricted to patients with

severe GERD.

Table 1. Characteristics of PatientsWithAny or SevereGastroesophageal

RefluxDiseaseWhoDid andDidNotUndergoAntireflux Surgerya

Characteristic No Antireflux Surgery Antireflux Surgery

Gastroesophageal Reflux Disease

Patients 894 492 (100) 48 414 (100)

Person-years
of follow-up

6 511 385 (100) 617 181 (100)

Sex

Male 434 035 (48.6) 27 161 (56.1)

Female 459 340 (51.4) 21 253 (43.9)

Age, y

<50 291 732 (32.6) 23 825 (49.2)

50-65 267 861 (29.9) 18 206 (37.6)

>65 334 899 (37.4) 6383 (13.2)

Endoscopic treatment
of metaplasia

602 (0.07) 21 (0.04)

Obesity diagnosis 37 642 (4.2) 1537 (3.2)

Type 2 diabetes 84 463 (9.4) 2444 (5.0)

Chronic obstructive
pulmonary disease

74 387 (8.3) 2516 (5.2)

Secondary
antireflux surgery

NA 2695 (5.6)

Esophageal
adenocarcinoma

Age at diagnosis,
median (IQR), y

71.0 (62.0-78.0) 66.0 (58.0-73.0)

Sex

Male 1884 (79.6) 153 (86.4)

Female 484 (20.4) 24 (13.6)

Total 2368 (0.3) 177 (0.4)

Severe Gastroesophageal Reflux Disease

Patients 264 543 (100) 30 537 (100)

Person-years
of follow-up

2 496 630 (100) 391 908 (100)

Sex

Male 146 502 (55.4) 17 756 (58.1)

Female 118 041 (44.6) 12 781 (41.9)

Age, y

<50 83 419 (31.5) 15 529 (50.9)

50-65 82 703 (31.3) 11 686 (38.3)

>65 98 421 (37.2) 3322 (10.9)

Endoscopic treatment
of metaplasia

359 (0.1) 16 (0.05)

Obesity diagnosis 13 186 (5.0) 1079 (3.5)

Type 2 diabetes 31 549 (11.9) 1728 (5.7)

Chronic obstructive
pulmonary disease

26 717 (10.1) 1675 (5.5)

Secondary
antireflux surgery

NA 2029 (6.6)

Esophageal
adenocarcinoma

Age at diagnosis,
median (IQR), y

70.0 (62.0-77.0) 65.0 (58.0-73.0)

Sex

Male 1125 (83.3) 128 (85.9)

Female 226 (16.7) 21 (14.1)

Total 1351 (0.5) 2029 (6.6)

Abbreviations: IQR, interquartile range; NA, not applicable.

a Data are presented as number (percentage) of patients unless otherwise

indicated.
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Two smaller population-based studies7,8,10 found no de-

creasedriskofesophagealadenocarcinomaafterantirefluxsur-

gery comparedwith thebackgroundpopulation.However, the

earlier studies7,8,10 had few cases of esophageal adenocarci-

noma in the categories of longer follow-up, providing impre-

cise risk estimates, whereas the current study was well pow-

ered to provide robust risk estimates.

Similar to the findings of the present study, 3 previous

meta-analyses10,21,22 did not find a superior reduction in risk

of cancer associated with antireflux surgery compared with

antireflux medication among patients with GERD or among

patients with Barrett esophagus. The higher risk estimates of

esophageal adenocarcinoma after antireflux surgery com-

pared with medication only among patients with GERD are

probably explained by patients who are selected for antire-

flux surgery havingmore severe and longer duration ofGERD

before surgery and therefore potentially having a higher risk

of esophageal adenocarcinoma at baseline. When comparing

the surgery and nonsurgery groups, the patients who under-

went surgery remainedat anelevatedbut stable increased risk

compared with the patients who did not undergo surgery,

indicating that both groups had a similar decreasing risk of

developing esophageal adenocarcinoma over time.

Both chronic acid and bile exposure induce cellular dam-

age to the esophageal epithelium, causing esophageal

adenocarcinoma.4,5,23-26 Therefore, it is plausible that effec-

tive antireflux treatment, bymechanical preventionof the re-

flux (antireflux surgery) or reduction of the acidity (medica-

tion), prevents this tumor. Because reflux of bile salts occurs

more often among patients with Barrett esophagus com-

paredwithpatientswithoutBarrett esophagus, antireflux sur-

gery might be more effective in preventing tumor progres-

sion.However, somestudies27-32have found thatprotonpump

inhibitors also effectively reduce gastroduodenal reflux and

bile exposure.

The time-dependentdecreasing riskof esophageal adeno-

carcinoma after antireflux surgery or reflux diagnosis (with

initiation of potent medical treatment) over time compared

with the risk of this tumor in the general population suggest

validityof the findingsof this study (ie, that antireflux therapy

is associated with decreased risk of esophageal adenocarci-

noma). The high prevalence of GERD and the low incidence

of esophageal adenocarcinoma stress the need not to overes-

timate the role of antireflux therapy for reducing the risk of

cancer, but the findings support the use of antireflux therapy

in patients at high absolute risk of tumor development (eg,

those with Barrett esophagus). In the clinical decision-

making in the treatment of GERD, several aspects need to be

considered, including the risk of mortality, morbidity, and

complications.9,33,34

Table 2. Risk of Esophageal Adenocarcinoma Among PatientsWith Any or Severe Gastroesophageal Reflux Disease

WhoDid or Did Not Undergo Antireflux Surgery ComparedWith the Background Population

Follow-up, y

No Antireflux Surgery Antireflux Surgery

Total No.
of Patients Person-years

No.
With EAC SIR (95% CI)

Total No.
of Patients Person-years

No.
With EAC SIR (95% CI)

Gastroesophageal Reflux Disease

5 to <10 223 842 1 584 369 310 2.06 (1.83-2.30) 10 068 78 288 39 7.63 (5.42-10.43)

10 to <15 127 960 1 566 040 185 1.56 (1.35-1.81) 13 428 168 642 46 3.64 (2.66-4.85)

≥15 104 594 2 339 334 156 0.69 (0.59-0.81) 17 542 350 472 45 1.34 (0.98-1.80)

Severe Gastroesophageal Reflux Disease

5 to <10 70 790 526 564 216 3.90 (3.40-4.45) 6632 52 547 34 10.08 (6.98-14.09)

10 to <15 50 475 659 050 130 2.02 (1.68-2.39) 9494 119 550 40 4.47 (3.20-6.09)

≥15 48 351 1 106 144 123 1.16 (0.97-1.39) 10 865 210 018 33 1.67 (1.15-2.35)

Abbreviations: EAC, esophageal adenocarcinoma; SIR, standardized incidence ratio.

Table 3. Risk of Esophageal Adenocarcinoma Among PatientsWith Any or Severe Gastroesophageal Reflux Disease

WhoUnderwent Antireflux Surgery ComparedWith ThoseWhoDid Not

Follow-up, y

No Antireflux Surgery Antireflux Surgery

Total No.
of Patients Person-years

No.
With EAC HR (95% CI)a

Total No.
of Patients Person-years

No.
With EAC HR (95% CI)a

Gastroesophageal Reflux Disease

5 to <10 223 842 1 584 369 310 1 [Reference] 10 068 78 288 39 2.02 (1.44-2.84)

10 to <15 127 960 1 566 040 185 1 [Reference] 13 428 168 642 46 1.96 (1.41-2.74)

≥15 104 594 2 339 334 156 1 [Reference] 17 542 350 472 45 1.80 (1.28-2.54)

Severe Gastroesophageal Reflux Disease

5 to <10 70 790 526 564 216 1 [Reference] 6632 52 547 34 1.81 (1.24-2.63)

10 to <15 50 475 659 050 130 1 [Reference] 9494 119 550 40 1.71 (1.18-2.49)

≥15 48 351 1 106 144 123 1 [Reference] 10 865 210 018 33 1.69 (1.14-2.51)

Abbreviations: EAC, esophageal adenocarcinoma; HR, hazard ratio.

a Adjusted for sex, age, calendar period, chronic obstructive pulmonary disorder, and obesity (including type 2 diabetes).
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Strengths and Limitations

Among the strengths of the present study is the population-

based design, mirroring clinical practice, counteracting selec-

tion bias, and facilitating generalizability to populations out-

side the Nordic countries. In addition, the personal identity

numbers allowed individuals to be traceable within nation-

wide health data registries, uniquely available in the Nordic

countries, which enabled complete and long-term follow-up.

Thecomparisonofpatientsundergoingantirefluxsurgerywith

both a comparable background population and patients with

GERDusing only antirefluxmedicationwas critical. Subanaly-

ses restricted to patients with severe GERD (esophagitis or

Barrett esophagus) enabled assessment of patientswith objec-

tivelyverified refluxdiseasewith aparticularly strongassocia-

tionwithesophagealadenocarcinoma.Finally, the largesample

sizemade the analysesmore robust and precise than previous

studies.7,8 The large sample was crucial for assessing the can-

cer risk after long-term follow-up after antireflux surgery.

Confounding is a general concern in observational stud-

ies. Potential confounders in this study are risk factors for

esophagealadenocarcinomaother thanrefluxdisease (ie,older

age, male sex, recent calendar period, obesity, and tobacco

smoking).6Therefore, theanalyseswereadjusted for these fac-

tors. Because obesity diagnosis was presumed to be under-

reported in the registries, type2diabeteswas addedas aproxy

for obesity in the adjusted analyses owing to its close associa-

tion with obesity. This strategy has been shown to make ad-

justment for obesity more complete.35,36 Direct information

regarding tobacco smoking was not available, but instead

chronic obstructive pulmonary disorder was used as a proxy

for smoking, which is a valid approach.36,37 Another limita-

tion is the lack of data regarding antirefluxmedication in the

entire cohort.However, in thesubsetofpatients forwhomdata

on medication were available, almost all patients with GERD

whodid not undergo antireflux surgery in Sweden after 2007

were recorded users of potent antireflux medications, and

among these,most had started taking thismedication around

the time of diagnosis. Data regarding changes in use of medi-

cation over time were not assessed. A proportion of the pa-

tients undergoing antireflux surgery might have recurrence

of GERD in a postoperative setting.38 However, among the

Swedish patients in the current cohort, a limited 17.7% had

recurrence requiring long-term medication (14.8%) or addi-

tionaloperation (2.9%).9Therewerenospecific codes for sepa-

ratingdifferent types of antireflux surgery.However, the vari-

ous main surgical techniques have similar associations with

gastroesophageal reflux.39-42 The prevalence of GERD in the

Nordic countries is similar to the prevalence in otherWestern

countries but higher than in most developing countries,2,3

suggesting that the findings might be generalizable at least

to Western populations.

Conclusions

This all-Nordic, population-basedcohort study founddecreas-

ing risk estimates of esophageal adenocarcinomaafter antire-

fluxmedicationandantirefluxsurgery,with levelsof riskalmost

the sameas thatof thebackgroundpopulation 15yearsormore

after treatment. The risk of esophageal adenocarcinoma was

stable over timeafter antireflux surgery comparedwithmedi-

cation, indicatingthat thesetreatmentalternativesmaybesimi-

larly associated with reduced risk of esophageal adenocarci-

noma. These findings support the hypothesis that antireflux

medicationandantireflux surgeryareassociatedwith reduced

risk of esophageal adenocarcinoma in patients with GERD.
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