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What is the significance of the Hill classification?
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SUMMARY. This study aimed to investigate the significance of Hill classification to predict esophagitis, Barrett’s
esophagus, gastroesophageal reflux disease (GERD) symptomatology, and future prescriptions of proton pump
inhibitors in clinical practice. A total of 922 patients (546 women and 376 men; mean age 54.3 [SD 18.4] years)
who underwent gastroscopy between 2012 and 2015 were analyzed. Patient questionnaire regarding symptoms were
compared with endoscopy findings. A medical chart review was done that focused on the prescription of PPIs,
additional gastroscopies, and GERD surgery in a 3-year period before the index gastroscopy and in a 6-year
period afterward. In patients naïve to PPI prescriptions (n = 466), Hill grade III was significantly associated with
esophagitis (AOR 2.20; 95% CI 1.00–4.84) and > 2 PPI prescriptions 6 year after the index gastroscopy (AOR
1.95; 95% CI 1.01–3.75), whereas Hill grade IV was significantly associated with esophagitis (AOR 4.41; 95% CI
1.92–10.1), with Barrett’s esophagus (AOR 12.7; 95% CI 1.45–112), with reported heartburn (AOR 2.28; 95%
CI 1.10–4.74), and with >2 PPI prescriptions (AOR 2.16; 95% CI 1.02–4.55). In patients ‘non-naïve’ to PPI
prescription (n = 556), only Hill grade IV was significantly associated with esophagitis, reported heartburn, and
with >2 PPI prescriptions. The gastroscopic classification in Hill grades III and IV is important in clinical practice
because they are associated with esophagitis, Barrett’s esophagus, symptoms of GERD, and prescriptions of PPIs,
whereas a differentiation between Hill grades I and II is not.

KEY WORDS: esophagitis, gastroesophageal reflux disease, gastroscopy, Hill grade, proton pump inhibitor.

INTRODUCTION

Gastroesophageal reflux disease (GERD) is one
of the most prevalent chronic gastrointestinal (GI)
diseases globally with a prevalence of ∼20%.1,2,3

In clinical praxis, esophagogastroduodenoscopy
(gastroscopy) is the most important medical inves-
tigation for patients with the suspicion of GERD,
which enables thorough the investigation of signs
of esophagitis and Barrett’s esophagus and an
evaluation of the gastroesophageal valve.

The competence of the gastroesophageal flap valve
is an important anatomical key to prevent reflux of
gastric contents into the esophagus. Hiatal hernia is
a common finding in patients with GERD and is
characterized by a herniation of the stomach through
the esophageal hiatus into the mediastinum.4 Hiatal
hernia is often categorized using the axial length of the
hiatal hernia in centimeters (cm).5 The interobserver
agreement of the endoscopic length measurements

during endoscopy is in general poor.6 A thorough
evaluation of the gastroesophageal junction including
the lower esophagus sphincter (LES), the crural fibers
of the diaphragm, and the gastroesophageal flap valve
is therefore important.7 The Hill classification is a
validated method to evaluate the gastroesophageal
flap valve in gastroscopies.7 It is simple and repro-
ducible when evaluating patients with suspicion of
GERD at gastroscopy in clinical practice.8 In the
Hill classification, the gastroesophageal flap valve is
graded from I to IV and a higher Hill grade has been
associated with the prevalence of GERD,8,9 hiatal
hernia,10 and lower pressure in the lower esophageal
sphincter (LES). In addition, Hill’s classification has
been shown to be a better predictor of reflux than
the LES pressure7 and the Hill classification has
been shown to be associated with GERD at least as
strongly as the axial length of a hiatal hernia.11

Although, the Hill classification is commonly used
in clinical practice, firm knowledge is lacking concern
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to what extent different Hill grades affect the patient
symptoms, their clinical outcome, and the patients use
of proton-pump inhibitors.12 The aim of this study
was to see how patients with different Hill grades
report upper GI symptoms, if Hill grade is associated
with gastroscopy findings, and/or with the number of
long-term PPI prescriptions.

PATIENTS AND METHODS

Patients

A questionnaire was given to out-patients ≥ 18 years
old, between May 2012 and 2015 when attending
drop-in gastroscopy at Umeå University Hospital
to be answered in the waiting room. The question-
naire also included a protocol on findings during
gastroscopy to be completed by the doctor. Follow-
up medical chart review was done at death or 6 years
after gastroscopy. Excluded at follow-up were patients
with incomplete data after 6 years (Fig. 2).

Patient questionnaire

The questionnaire included the GerdQ13 with ques-
tions of heartburn, regurgitation of stomach contents,
nausea, and epigastric pain. The questions in GerdQ
are constructed as a four-graded Likert scale with
no symptoms, symptoms on 1, 2–3, or 4–7 days the
last week. In addition, a question on smoking was
included in the questionnaire.

Endoscopic findings

Blinded from the answers from the patient’s question-
naires, an experienced endoscopist filled in a ques-
tionnaire that included findings on the gastroscopy.
Images showing the Hill grade and the Los Angeles
classification14 were available to the endoscopist at the
room where the gastroscopy was performed. To be
classified with Hill grade I, the prominent fold of tis-
sue along with the lesser curvature encloses the gastro-
scope. In Hill grade II, the fold is present, but there are
periods of opening and rapid closing around the gas-
troscope. In Hill grade III, the fold is barely present,
and there is failure to close around the gastroscope,
and in Hill grade IV, the fold is absent and there is an
open space around the gastroscope, and a hiatus her-
nia is always present (Fig. 1).7 The endoscopist filled
in a standardized questionnaire that included, among
other things, Hill’s classification with grades from I to
IV, the presence of macroscopic Barrett’s esophagus
(defined by Prague classification C > 3 cm),15 and
esophagitis (according to the Los Angeles classifica-
tion system, with grades from A through D).

Medical chart review

The Region of Västerbotten uses a single and
cohesive medical chart computerized system in

which all notes on patient health-related contacts
including endoscopy, surgery, and all prescriptions
of medications are recorded. Blinded from the data
from the questionnaires, a medical chart review
was performed that focuses on the prescription
of PPIs, the presence and outcome of additional
gastroscopies, and referral for GERD surgery in
a 3-year period before, and a 6-year period after
the index gastroscopy. We recorded the number of
prescription of PPIs 3 years before and 6 years after
the gastroscopy. We also recorded the prescribed
cumulative dose (in omeprazole equivalents)16 in the
6-year follow-up period.

Statistical analysis

Statistical Package for the Social Sciences, version
26.0, has been used for the statistics. Pearson’s chi2

test (or Fisher’s Exact test when appropriate) was
used to compare categorical data. Student’s t-test and
Mann–Whitney test were used to compare means
and medians. Bivariate correlations were tested using
Spearman’s test. The significance level was set at a
P-value of 0.05. To adjust for possible confound-
ing of factors associated with GERD, we used logis-
tic regression with dependent variables for PPI pre-
scription (> median prescriptions), findings of any
esophagitis or Barrett’s esophagus on gastroscopy,
and any reported GERD symptom on the patient
questionnaire. The independent variables were age,
female gender, BMI > 30 kg/m,2 and Hill grade (ref-
erence Hill grade I).

Ethics

The study was approved by the Ethical Board, Umeå,
Dnr 2011-160-31M. All patients that were included in
the study gave their informed consent to participate.

RESULTS

Invited were 1213 patients attending the hospital for
drop-in gastroscopy between May 2012 and 2015.
All patients answered the questionnaire. Twenty-two
patients attended twice, and the second gastroscopy
was regarded as follow-up. Gastroscopy was not done
in 23 patients. A Hill grade was not recorded in
another 246 patients, leaving 922 patients including
in the data analysis (Fig. 2). Ten experienced doctors
performed the gastroscopies.

Basal characteristics of the patients referred for
gastroscopy

Table 1 shows the basal characteristics of the 922
patients included in the data analysis. There was a sig-
nificantly higher proportion of women than men that
participated in the study (P < 0.001). Approximately
half of the patients had any PPI prescribed 3 years
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Fig 1 Endoscopic images of Hill grade I (A), Hill grade II (B), Hill grade III (C), and Hill grade IV (D).

Fig. 2 Description of included and excluded patients in the study.
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Table 1 Basic characteristics of patients included in the study (n = 922). Proportions are presented as percent, means with standard
deviation,11 and medians with 25th–75th percentile

Gender Women
Men

59.2%
40.8%

Age at index gastroscopy, years Mean
Median

54.3 (18.4)
58.0 (38–69)

Body mass index, kg/m2 ≤25
>25
>30
Mean

50.7%
49.3%
14.5%
25.5 (4.6)

Current smokers (n = 916) Yes
No

7.1%
92.9%

Any prescription of proton pump inhibitors 3 years
before the index gastroscopy (n = 798)

Yes
No

54.3%
45.7%

Number of prescriptions of proton pump inhibitors 3
years before the index gastroscopy (n = 798)

Mean
Median

1.38 (1.88)
1 (0–2)

Fig. 3 The number of prescriptions of PPIs in the 3-year period before the index gastroscopy and in the 6-year follow-up period after the
index gastroscopy.

before the index gastroscopy. The median number of
prescriptions of PPIs in the 3-year period before the
index gastroscopy was for patients with Hill grade
I, 1.0 (25th–75th percentile 0–2.0), Hill grade II, 0
(0–2.0), Hill grade III, 1.0 (0–2.0), and for patients
with Hill grade IV, 1.0 (0–3.0) (Fig. 3). There were no
significant differences in the number of prescriptions
before gastroscopy between patients with different
Hill grades except for patients with Hill grade IV
versus Hill grade II (P = 0.017).

The median number of prescriptions for PPIs
3 years before the index gastroscopy was signifi-
cantly higher among women than men (1.0 vs 0.0,
P < 0.001).

The association between Hill grade and findings on the
index gastroscopy

Table 2 presents the prevalence of reported findings
on the index gastroscopy. Approximately one-third of
the patients had at least one clinically relevant patho-
logical finding at their index gastroscopy. The propor-
tion of patients with esophagitis and Barrett’s esopha-
gus for Hill grades I–IV are shown in Figures 4 and 5.
The patients with Hill grade IV had significantly more
often esophagitis compared with the patients with

Table 2 Findings on the index gastroscopy

Hill grade (n = 922) I
II
III
IV

26.5%
29.5%
26.9%
17.1%

Any pathological findings (n = 922) Yes
No

28.0%
72.6%

Esophagitis (n = 872)† Grade A
Grade B
Grade C
Grade D
No

8.4%
6.0%
1.8%
0.6%
83.3%

Barrett’s esophagus (n = 920) Yes
No

4.3%
95.7%

†Los Angeles classification system.

Hill grade I (40.5 vs 11.9%; P < 0.001), Hill grade II
(40.5 vs 18.4%; P < 0.001), and Hill grade III (40.5
vs 21.4%; P < 0.001). Patients with Hill grade II (18.4
vs 11.9%; P = 0.41) and Hill grade III (21.4 vs 11.9%;
P = 0.05) had significantly more often esophagitis on
the index gastroscopy than patients with Hill grade I,
but there were no differences between patients with
Hill grades II and III (P = 0.393).

The proportion of patients with Barrett’s esopha-
gus was significantly higher in the Hill IV group com-
pared with the Hill I group (8.2 vs 1.6%; P = 0.002),
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Fig. 4 Association between Hill grade and esophagitis (Los Angeles classification) at the index gastroscopy.

Fig. 5 Association between Hill grade and Barrett’s esophagus at the index gastroscopy.

but there were no significant differences between the
other Hill grade groups. Correlations between Hill
grade and age, body mass index, esophagitis, and
Barrett’s esophagus are shown in Table 3.

The association between Hill grade and reported GI
symptoms

The proportions of patient-reported GI symptoms
for different Hill grades are shown in Supplementary
Table 1. There was a significant correlation between
increasing Hill grade and the frequency of reported
symptoms of heartburn (Table 3) and a weak neg-
ative correlation between increasing Hill grade and
the frequency of reported epigastric pain (Table 3).
When excluding patients with Hill grade IV, there

were no significant correlations between Hill grade
and reported symptoms (Table 3).

Referral to gastroscopy and prescription of PPI in the
follow-up period

Of the 922 patients included in the data analysis, 124
patients moved to another region during the 6-year
follow-up period and were excluded in the follow-
up analysis (Fig. 2). Forty-four patients deceased in
the 6-year observation period. The mean observation
time for the 798 patients included in the follow-up
analysis was 70 months (SD 10 months).

A total of 75.7% of patients received a prescription
of PPIs at least once within the 6-year follow-up
period. The median number of prescriptions of PPIs

https://academic.oup.com/dote/article-lookup/doi/10.1093/dote/doad004#supplementary-data
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Table 3 Spearman correlations for Hill grade and age, body mass index, reported symptoms, findings on the index gastroscopy, and number
of proton pump inhibitor12 prescriptions. Data are presented for all Hill grades and when Hill grade IV is excluded

Hill grades I–IV Hill grades I–III

Age 0.081∗ 0.033
Body Mass Index 0.081∗ 0.006
Esophagitis† at the index gastroscopy 0.207∗∗ 0.093∗
Barrett’s esophagus at the index gastroscopy −0.009 0.068
Reported heartburn 0.104∗∗ 0.023
Reported regurgitation 0.034 0.023
Reported epigastralgia −0.077∗ −0.059
Number of PPI prescriptions 3 years before the index gastroscopy 0.062 0.015
Number of PPI prescriptions 6 years after the index gastroscopy 0.172∗∗ 0.068
Cumulative dose of prescribed omeprazole equivalents 6 years after the index
gastroscopy

0.216∗∗ 0.098∗

∗P < 0.05; ∗∗P < 0.01.
†Los Angeles classification system.

in the 6-year follow-up period was for all patients,
3 (25th–75th percentile 0–6), for patients with Hill
grade I, 2 (0–6), Hill grade II, 2 (0–7), Hill grade III,
3 (0–7), and for patients with Hill grade IV, 6 (1.5–9)
(Fig. 3).

The median number of prescriptions of PPI within
the 6-year follow-up period was significantly higher
among the patients with Hill grade IV compared with
the other Hill groups (6 vs 2 prescriptions, P < 0.001),
but there was no difference between patients with Hill
grades I–III (Fig. 3). There was a significantly positive
correlation between Hill grade with the number of
PPI prescriptions and prescribed cumulative dose of
omeprazole equivalents but when excluding patients
with Hill grade IV there was no significant correlation
in the number of PPI prescriptions (Table 3).

The prescribed median cumulative dose of omepra-
zole equivalents at 6 years after the gastroscopy was
3200 mg (0–21,850 mg) for patients with Hill grade
I, 6800 mg (0–32,320 mg) for patients with Hill grade
II, 7840 mg (0–43,800 mg) for patients with Hill grade
III, and 30080 mg (5880–43,800 mg) for patients with
Hill grade IV. The median cumulative dose of omepra-
zole equivalents for patients with Hill grade IV was
significantly higher than for patients with Hill grade
III (P < 0.001), Hill grade II (P < 0.001), and Hill
grade I (P < 0.001). The median cumulative dose of
omeprazole equivalents given to patients with Hill
grade III was significantly higher than for patients
with Hill grade I (P = 0.013), whereas there was no
difference between patients with Hill grades III and
II (P = 0.459) or between patients with Hill grades II
and I (P = 0.051).

The median number of PPI prescriptions in the 6-
year follow-up period was significantly higher among
women than men (3 vs 2 prescriptions, P = 0.011),
but there were no gender differences in patients who
were ‘naïve’ to PPI prescriptions before the index
gastroscopy (0 vs 0; P = 0.715).

In the 6-year follow-up period after the index gas-
troscopy, 27.8% of the patients had an additional

gastroscopy. Totally, 3.6% of the patients had a new
diagnosis of esophagitis and 2.3% of the patients had
a new diagnosis of Barrett’s on the gastroscopy in
the follow-up period. In total, six patients (0.7%)
underwent surgery because of GERD in the follow-
up period. Of these six patients, one patient had Hill
grade I, two patients Hill grade II, two patients Hill
grade III, and one patient Hill grade IV on the index
gastroscopy.

Patients who at the index gastroscopy were classi-
fied to Hill grade IV significantly more often had an
additional gastroscopy in the 6-year follow-up period
compared with patients classified with Hill grades I–
III (38.3 vs 25.0%, P = 0.001). Patients with Hill grade
IV significantly more commonly were diagnosed with
esophagitis (8.5 vs 2.7%, P = 0.001) and Barrett’s
esophagus (5.0 vs 2.0%, P = 0.04) on gastroscopy
in the follow-up period. There were no significant
differences between patients with Hill grades III and
I–II in for a new diagnosis of esophagitis and Barrett’s
esophagus.

Patients who were ‘naïve’ to PPI prescriptions

We performed a logistic regression analyzing sepa-
rately patients who were ‘naïve’ for PPI prescrip-
tion and patients who were ‘non-naïve’ for PPI
prescription before the index gastroscopy (Table 4).
For patients who were ‘naïve’ for PPI prescrip-
tions, BMI > 30 and Hill grades III and IV were
significantly associated with esophagitis on the
index gastroscopy. Hill grade IV were significantly
associated to Barrett’s esophagus and to reported
heartburn at the index gastroscopy. Hill grades III
and IV were also significantly associated to PPI
prescription in the follow-up period. BMI > 30 was
significantly associated with reported regurgitation at
the index gastroscopy and was significantly associated
with prescriptions of PPI in the follow-up period.
Females ‘naïve’ to PPI prescription had significantly
more reported epigastric pain than men.
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Table 4 Logistic regression showing how age, gender, body mass index, and Hill grade effect on endoscopic findings, symptoms of GERD,
and proton pump inhibitor prescriptions in patients referred to gastroscopy

Dependent variable Independent variable All patients
(n = 1022)
Adjusted OR (CI 95%)

Patients naïve for proton
pump inhibitors
prescriptions (n = 466)
Adjusted OR
(CI 95%)

Patients non-naïve for
proton pump inhibitors
prescriptions (n = 556)
Adjusted OR
(CI 95%)

Any esophagitis at the Age 1.01 (0.99–1.02) 1.00 (0.99–1.02) 1.01 (0.99–1.03)
index gastroscopy Female gender 0.78 (0.56–1.08) 0.62 (0.36–1.04) 0.97 (0.58–1.61)

BMI > 30 2.08 (1.37–3.17) 2.21 (1.14–4.30) 2.12 (1.17–3.83)
Hill II 1.63 (0.98–2.70) 1.32 (0.61–2.87) 2.05 (0.96–4.39)
Hill III 2.08 (1.26–3.43) 2.20 (1.00–4.84) 1.96 (0.89–4.30)
Hill IV 4.45 (2.67–7.43) 4.41 (1.92–10.1) 4.62 (2.18–9.82)
Hill I (reference)

Any Barrett’s Age 1.03 (1.01–1.05) 1.00 (0.97–1.04) 1.04 (1.00–1.07)
esophagus at the Female gender 1.02 (0.53–1.95) 1.51 (0.45–5.03) 0.67 (0.30–1.53)
index gastroscopy BMI > 30 0.93 (0.37–2.30) 0.34 (0.04–2.81) 1.34 (0.47–3.82)

Hill II 2.79 (0.89–8.71) 2.96 (0.37–27.0 2.68 (0.70–10.3)
Hill III 2.33 (0.71–7.59) 0.97 (0.06–15.8) 3.16 (0.81–12.3)
Hill IV 4.59 (1.46–14.5) 12.7 (1.45–112) 1.81 (0.42–7.88)
Hill I (reference)

Heartburn at least Age 1.00 (0.99–1.01) 1.01 (0.99–1.02) 0.99 (0.98–1.01)
once a week Female gender 1.30 (0.99–1.73) 1.17 (0.76–1.81) 1.61 (1.04–2.48)

BMI > 30 1.29 (0.86–1.93) 1.60 (0.85–3.02) 1.15 (0.64–2.04)
Hill II 1.21 (0.84–1.73) 1.35 (0.78–2.35) 1.03 (0.59–1.78)
Hill III 1.33 (0.92–1.93) 1.61 (0.88–2.94) 1.21 (0.68–2.14)
Hill IV 2.40 (1.52–3.79 2.28 (1.10–4.74) 2.16 (1.12–4.16)
Hill I (reference)

Regurgitation at least Age 1.00 (0.99–1.01) 1.00 (0.99–1.02) 1.00 (0.99–1.02)
once a week Female gender 1.52 (1.16–2.00) 1.20 (0.77–1.84) 1.89 (1.24–2.90)

BMI > 30 2.58 (1.69–3.96) 3.39 (1.74–6.60) 1.90 (1.04–3.47)
Hill II 1.02 (0.71–1.47) 1.19 (0.68–2.09) 1.04 (0.60–1.83)
Hill III 1.18 (0.82–1.71) 1.77 (0.96–3.25) 0.96 (0.54–1.69)
Hill IV 1.03 (0.67–1.58) 0.84 (0.41–1.71) 1.40 (0.74–2.62)
Hill I (reference)

Epigastric pain at least Age 1.00 (0.99–1.01) 0.99 (0.98–1.01) 0.99 (0.98–1.01)
once a week Female gender 1.52 (1.16–2.00) 2.02 (1.24–3.29) 2.59 (1.55–4.31)

BMI > 30 1.14 (0.72–1.81) 1.27 (0.62–2.59) 0.92 (0.47–1.80)
Hill II 0.82 (0.53–1.27) 0.74 (0.38–1.44) 0.70 (0.34–1.42)
Hill III 0.82 (0.52–1.28) 0.74 (0.36–1.51) 0.75 (0.36–1.57)
Hill IV 0.76 (0.46–1.24) 0.48 (0.22–1.06) 0.85 (0.39–1.85)
Hill I (reference)

Three or more Age 1.03 (1.01–1.05) 1.03 (1.01–1.04) 1.04 (1.03–1.06)
proton pump inhibitor Female gender 1.57 (1.15–2.14) 1.04 (0.65–1.65) 1.77 (1.12–2.82)
prescriptions BMI > 30 1.91 (1.25–2.90) 2.46 (1.33–4.54) 1.58 (0.86–2.92)
6 years after the index
gastroscopy

Hill II 1.21 (0.81–1.88) 1.31 (0.70–2.46) 1.28 (0.72–2.92)

Hill III 1.48 (0.97–2.25) 1.95 (1.01–3.78) 1.23 (0.68–2.22)
Hill IV 2.38 (1.48–3.84) 2.16 (1.02–4.55) 2.56 (1.29–5.10)
Hill I (reference)

BMI, body mass index, kg/m.2 Bold text = Statistically significant

Patients who had previously been prescribed PPIs

For patients who had received at least one pre-
scription of PPI in the 3-year period before the
index gastroscopy (‘non-naïve’ to PPI), Hill grade
IV was significantly associated with reported heart-
burn and esophagitis on the index gastroscopy
and significantly associated with PPI prescription
in the follow-up period (Table 4). There was no
significant association between Hill grades III and
II for findings on gastroscopy, reported symptoms,
or PPI prescriptions in comparison patients with Hill
grade I. BMI > 30 was significantly associated with
esophagitis and reported regurgitation in the non-
naïve for PPI patients. Female gender significantly
associates with reported heartburn, reported regurgi-

tation, reported epigastric pain, and long-term PPI
prescriptions.

Increasing age was significantly associated with
PPI prescription in the follow-up period indepen-
dently of patients were naïve and non-naïve for PPI
prescription before the index gastroscopy.

DISCUSSION

The main finding was that Hill grades III and IV
were associated with esophagitis and long-term PPI
prescriptions at follow-up. Patients classified to Hill
grade IV significantly more often had an additional
gastroscopy in the 6-year follow-up period, and they
more often had a new diagnosis of esophagitis and



8 Diseases of the Esophagus

Barrett’s esophagus on the second gastroscopy. In
clinical practice, our data suggest that defining Hill
grades III and IV is important to prevent complica-
tions of gastroesophageal reflux and to predict the
need of further PPI, whereas differentiation of Hill
grade I from Hill grade II was not important.

Our study supports a previous study that patients
with an abnormal gastroesophageal flap valve more
often have symptoms of GERD.17 However, in our
study when adjusting for age, gender, and BMI, the
frequency of heartburn was only associated with Hill
grade, and only with Hill grade IV, whereas regurgita-
tion or epigastric pain was not. This finding indicates
that the presence of gastroesophageal valve with Hill
grades I to III is of low importance in generating
symptoms typically for GERD.

Xirouchakis et al.18 found that patients with symp-
tomatic GERD and with Hill grade IV needed signif-
icantly more prescriptions of PPI during a 3-month
period with on-demand therapy compared with Hill
grades II and III. In the present study, patients with
Hill grades III and IV had received more prescrip-
tions of PPIs within the follow-up period compared
with the other Hill grade groups, but there was no
significant difference in the number of prescriptions
between the patients with Hill grades I–III in patients
non-naïve to PPI.

The main strength of our study was the relatively
large cohort of clinical practice. In addition, at the
time of the study, all gastroscopies in the catchment
area were performed at only one endoscopic unit. In
the Region of Västerbotten, all patient’s prescriptions
are registered in a medical record system. Data are col-
lected from a period of 9 years with a 3-year retrospec-
tive study, a cross-sectional study, and a 6-year follow-
up study, which give a long range of follow-up and
more information about the patients and their pos-
sible GERD complications, symptoms, and PPI pre-
scriptions. Furthermore, the endoscopists who per-
formed the gastroscopy were experienced and graded
the patients’ gastroesophageal flap valve by using a
standardized picture on the wall in the endoscopic
room showing the different Hill grades. The endo-
scopist was also blinded to the patient questionnaire
when evaluating the gastroscopy findings.

However, there are also some limitations. First, in
Sweden, PPIs and antacids are also available without
a doctor prescription in small packages (20 tablets)
over the counter (OTC), and in this current study, we
do not have information of to what extent the par-
ticipants used OTC PPIs in the follow-up period. In
Sweden, PPIs on prescriptions are much cheaper than
OTC PPIs. Therefore, one can assume that patients
who need frequent use of PPIs contact their doctor
for a prescription. Second, patients were asked about
the frequency of upper GI symptoms but were not
asked about the severity of symptoms. The severity
and frequency of reflux play an important role in the

pathophysiology of GERD; however, there is often a
discrepancy between the severity of esophageal expo-
sure to gastric content and the severity of symptoms.
Patients with relatively low esophageal acid expo-
sure can have severe symptoms and patients with
high exposure to reflux can have relatively few reflux
symptoms.19,20 Furthermore, there is an association
between insufficient gastroesophageal flap valve with
poor response to PPI treatment,21 but in our study,
we did not evaluate the association between Hill grade
and response to PPI treatment. Finally, the study only
includes patients referred for gastroscopy in clinical
practice, subjects who are highly prevalent of GI com-
plaints and we are not able to compare symptoms,
findings, and PPI prescriptions with subjects who are
representative of a normal population. For example,
it is possible that patients with Hill grades II and III
may significantly differ from patients with Hill grade
I if a cohort representative of a normal population
was used.

In conclusion, the gastroscopic classification in
Hill grades III and IV is important in clinical practice
because they are associated with esophagitis, Barrett’s
esophagus, symptoms of GERD, and prescriptions of
PPIs, whereas a differentiation between Hill grades I
and II is not.
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