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Abstract

BACKGROUND

Esophageal chromoendoscopy with iodine solution is important for detecting
early esophageal cancer. The effect of routine treatment for lesions lightly stained
with Lugol’s iodine solution is limited, and the addition of natural substances to a
regular diet is becoming increasingly common. Vinegar has antitumor effects as
reported in previous studies.

AIM

To evaluate whether vinegar supplementation could improve the prognosis of
patients with lightly stained esophageal lesions.

METHODS
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This prospective single-centre trial included consecutive patients with lightly stained lesions between June 2020
and April 2022. Patients in the experimental group received increased amounts of vinegar for 6 months. The
primary outcome of the study was the clinical therapeutic effect. Complications related to vinegar ingestion and
adverse events were also recorded in detail.

RESULTS

A total of 166 patients were included in the final analysis. There was no significant difference in the baseline data
between the two groups. Intention-to-treat (ITT) analysis demonstrated that the rates at which endoscopic charac-
teristics improved were 33.72% in the experimental group and 20.00% in the conventional group (P = 0.007); and
the rates at which biopsy pathology improved were 19.77% and 8.75%, respectively (P = 0.011). Additional vinegar
consumption had a statistically protective effect on the rate at which endoscopic characteristics improved [hazard
ratio (HR) ; = 2.183, 95%CI: 1.183-4.028; HR .., ,ci0co1 o) = 2.307, 95%Cl: 1.202-4.426] and biopsy pathology improved
(HRy; = 2.931, 95%ClI: 1.212-7.089; HR;,;, = 3.320, 95%ClI: 1.295-8.507). No statistically significant effect of increased
vinegar consumption on preventing high-grade intraepithelial neoplasia or early cancer was observed (HR; =
0.382, 95%CI: 0.079-1.846; HR,, = 0.382, 95%ClI: 0.079-1.846). The subgroup analyses indicated that the overall
therapeutic improvement of endoscopic characteristics and biopsy pathology seemed more obvious in older (age >
60) male patients with small lesions (lesion size < 0.5 cm). Three patients in the experimental group reported acid
regurgitation and heartburn. No adverse event during gastroscopy were recorded during follow-up.

CONCLUSION

A moderately increased ingestion of vinegar could not directly reduce the risk of esophageal cancer in the mucosa
dysplasia population, but it improved the endoscopic characteristics and ameliorated the biopsy pathology to a
certain extent. Further research is needed to verify the effect of nutritional intervention on precancerous esophageal
lesions.

Key Words: Chromoendoscopy; Esophageal squamous epithelium; Vinegar; Atypical hyperplasia; Prognosis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Esophageal lesions stained lightly with iodine solution may progress pathologically even though they have a
relatively better prognosis. Vinegar was thought to have an antitumor effect according to previous studies. However, its
effect on lesion progression is still unclear. In the present study, we reported that moderate vinegar consumption improved
the prognosis of several esophageal lesions lightly stained with Lugol’s iodine solution at a tertiary referral endoscopy centre
in China.

Citation: Gao Y, Ye LS, Li X, Yu B, Liao K, Xie J, Du J, Zhang QY, Hu B. Effect of vinegar supplementation on patients with
esophageal lesions lightly stained with Lugol’s iodine solution: Prospective single-centre trial. World J Gastrointest Endosc 2024;
16(5): 259-272

URL: https://www.wjgnet.com/1948-5190/full/v16/i5/259.htm
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INTRODUCTION

Esophageal cancer is the eighth most common malignancy worldwide with more than 600000 new cases diagnosed
annually[1]. The poor prognosis and increasing incidence of esophageal cancer highlight the need for improved detection
and prediction methods[2-4]. Esophageal chromoendoscopy with iodine solution is an important diagnostic method for
detecting superficial esophageal cancer[5]. The esophageal mucosa is considered abnormal when there are “unstained” or
“lightly stained” lesions[6]. Generally, unstained areas indicate high-grade intraepithelial neoplasia (HGIN) or early
cancer, while lightly stained areas generally indicate inflammation, squamous epithelial hyperplasia, low-grade intrae-
pithelial neoplasia (LGIN), etc.[7]. Endoscopic resection is recommended for treating HGIN and early cancer, while
continuous surveillance is recommended mainly for treating LGIN and squamous hyperplasia because these conditions
are thought to have relatively better prognoses[3,8]. Most authorities recommend increased endoscopic surveillance with
biopsies and a healthy diet for these lightly stained lesions, but the progression of these lesions cannot be ignored[9,10].

Previous laboratory experiments and trials have demonstrated that vinegar can block the synthesis of N nitroso
compounds and proline nitrosamines, which can induce cancer in the human body, making this agent capable of
preventing cancer[11-14]. Retrospective clinical studies have also reported that vinegar consumption is associated with a
decreased risk for esophageal cancer[15,16]. However, no prospective clinical study has verified these findings.

This prospective clinical trial was designed to evaluate whether increased vinegar consumption could improve the
prognosis of patients with lightly stained esophageal lesions.
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MATERIALS AND METHODS
Study design

This prospective clinical trial was conducted at the Endoscopy Center of West China Hospital, Sichuan University, China.
The study protocol was approved by the Biomedical Research Ethics Committee, West China Hospital of Sichuan
University (No. HX-IRB-AF-03-V3.0) and was registered in the Chinese Clinical Trial Registry (No. ChiCTR1900024686).

Patient enrolment

Patients were enrolled in this study after receiving endoscopic evaluations from June 1, 2020, to April 30, 2022, at a
tertiary referral endoscopy centre in China. In accordance with the inclusion criteria, patients were selected as follows: (1)
Patients aged 18-80 years; (2) underwent gastroscopy and biopsy histopathology; and (3) had esophageal lesions lightly
stained with Lugol’s iodine solution. The exclusion criteria prohibited inclusion of the following patients: (1) Patients
were pregnant or lactating; (2) patients who had an allergy to iodine and its derivatives; (3) patients who had a tumour
requiring surgery, chemotherapy or radiotherapy; (4) patients who had reflux esophagitis; and (5) patients who refused
to participate in the study or were unable to provide informed consent. All patients received a preoperative consultation
with a detailed explanation of the pros and cons of different approaches, including endoscopic resection, increased
vinegar intake and surveillance. Written informed consent was obtained from all patients or their legal representatives.

Allocation and intervention
A total of 166 patients who underwent gastroscopy and had histopathological proof of lightly stained esophageal lesions
were recruited for the study and assigned to two groups according to patient choice: The experimental group and the
conventional group. Allocation of eligible patients was completed by two nurses who were not directly involved in the
data analysis or patient enrolment. Investigators who were involved in the data analysis and endoscopists were blinded
to the group assignments until all the data collection and data queries had been completed and the database was locked.
Patients assigned to the experimental group received 20 mg of 9% Baoning vinegar (Sichuan Baoning Vinegar Co., Ltd.,
Langzhong, China) three times a day (tid) diluted with 50 mL of warm water for 6 months. The amount of vinegar used
was determined according to previous retrospective reports, which showed that the incidence rate of esophageal cancer
in people who consumed > 40 g/w vinegar was significantly lower than that in people who consumed 0-39 g/w vinegar
[16]. The use of other drugs was stopped when the patient consumed more vinegar. Patients assigned to the conventional
group received the same health education to quit smoking, stop drinking, and avoid hot and spicy food.

Outcomes and study evaluations

The primary outcome of the study was the clinical therapeutic effect, which was classified into the following four
categories. Endoscopic characteristics improved is defined as a reduction of more than 50% in the maximum diameter of
the lesion, or a reduction of more than 50% in the number of lesions. Endoscopic characteristics deteriorated is defined as
an increase of more than 50% in the maximum diameter of the lesion or an increase of more than 50% in the number of
lesions. Biopsy pathology improved is defined as less malignant pathological results than before. Biopsy pathology
deteriorated is defined as more malignant pathological results than before. The incidence of lesions progressing to HGIN
or early cancer in patients was also concerned. The rates were determined by both intention-to-treat (ITT)- and per-
protocol (PP)-based analyses. All enrolled patients were included in the ITT analysis, but the PP analysis excluded those
patients who dropped out due to side effects, loss to follow-up, or poor compliance.

During the experiment, members of the quality supervision team contacted the patients through interviews and phone
calls every month to remind them to consume vinegar. The investigator recorded all complications related to vinegar
therapy, such as acid regurgitation, heartburn, nausea, vomiting, taste abnormalities, abdominal pain, abdominal
distension, and diarrhoea[12]. The compliance of patients with medication and incidence of complications was assessed
by conducting a questionnaire at the following points: Before treatment, during treatment (1 wk, 2 wk, 3 wk, 1 month, 3
months), and after treatment (6 months). The gastroscopy and biopsy histopathology re-examinations were arranged after
treatment completion and follow-up. Adverse events during gastroscopy were also recorded and were defined as
bleeding, perforation or severe cardiopulmonary accidents[17]. After treatment completion, the patients were followed
up monthly, hospital medical records were reviewed, and endoscopic and pathological examination results were
collected. All patients were followed until December 13, 2023. The time to show treatment effect was also recorded, and
deterioration of the lesion was treated with caution. A team of senior doctors conducted a review to ultimately determine
the changes in the lesions and ensure the accuracy of the judgement. Two people completed the data analysis in parallel
to ensure the accuracy of the data.

Sample size and statistical analysis

Based on previous studies showing that increased vinegar consumption reduces the incidence of esophageal cancer[6,15],
we expected a difference in the incidence rate of esophageal cancer between health education therapy combined with
increased vinegar ingestion and health education therapy alone (10% vs 25%). The model has a power of 80% and a two-
sided significance level of 0.05 with an assumed 10% dropout rate. Survival analysis based on the Log-rank test was
performed with a final sample size of 154 patients (77 per group). The full analysis set should be as close as possible to the
ITT set. The standards and population of the PP dataset was to be finalized after data-blinding verification. The direct
deletion method was used to treat missing data.
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In this study, the demographic and clinical characteristics of the patients are summarized as the mean + SD or median
(interquartile range) based on their distribution type. The incidence rates of therapeutic outcomes are expressed in terms
of the number of patients and percentage. Qualitative variables were compared using the Chi-squared test, while
Student’s t-test was used for quantitative variables. The specific test methods used are listed below the table. A Cox
proportional hazard model was used to estimate the hazard ratio (HR) and 95%CI. Comparisons of clinical therapeutic
effects between two groups were performed using the Log-rank test, Kaplan-Meier curves were generated, and a two-
tailed P value < 0.05 was considered to indicate statistical significance. Subgroup analyses were performed by age,
gender, lesion size, lesion location and biopsy characteristics[18-20]. All the statistical analyses were performed by
blinded professional statisticians with IBM SPSS for Mac (version 26.0 statistical software package; Armonk, NY: IBM
Corp.).

RESULTS

Patient disposition and baseline characteristics

A total of 194 patients who fulfilled the inclusion criteria were enrolled in this trial, with 86 patients in the experimental
group and 80 patients in the conventional group were included in the ITT analysis. Ten patients (6.0%) were excluded
from the PP analysis. Three patients in the experimental group discontinued treatment because of severe acid regur-
gitation and heartburn, while 1 patient in the conventional group discontinued treatment because of excessive alcohol
consumption. Poor treatment compliance was reported for 2 (2.3%) patients and 1 (1.3%) patient in the experimental
group and conventional group, respectively. In addition, there was 1 patient in the experimental group who dropped out
of treatment because of pregnancy (Figure 1). Two patients in the conventional group were lost to follow-up. At baseline,
there were no statistically significant differences in the baseline characteristics of the patients included in the two study
groups in either the ITT analysis or the PP analysis (Tables 1 and 2).

Clinical therapeutic outcomes

ITT analysis demonstrated that the incidence rates of endoscopic characteristics improved were 33.72% in the experi-
mental group and 20.00% in the conventional group (P = 0.007). PP analysis indicated that 32.50% of the patients in the
experimental group and 18.42% of the patients in the conventional group achieved endoscopic improved (P = 0.007). ITT
analysis demonstrated that the incidence rates of biopsy pathology improved were 19.77% in the experimental group and
8.75% in the conventional group (P = 0.011). PP analysis indicated that the percentage of patients whose biopsy pathology
improved was 20.00% in the experimental group and 7.89% in the conventional group (P = 0.007). Both ITT and PP
analyses revealed no significant differences in the incidence rates of endoscopic characteristics deteriorate or biopsy
pathology deteriorate between the experimental group and conventional group. Figures 2 and 3 depict the Kaplan-Meier
survival curves for each group in the ITT analysis or PP analysis, respectively, considering the time interval before
progression or improvement of each patient.

An increase in vinegar consumption had a statistically protective effect on the rate of improvement of endoscopic
characteristics (HR; = 2.183, 95%CI: 1.183-4.028; HR,;, = 2.307, 95%ClI: 1.202-4.426), and biopsy pathology improved
(HRyp = 2.931, 95%ClI: 1.212-7.089; HR,, = 3.320, 95%CI: 1.295-8.507). However, no statistically significant protective effect
of increasing vinegar consumption on preventing the risk of developing HGIN or early cancer was observed (HR; =
0.382, 95%CI: 0.079-1.846; HR,, = 0.382, 95%CI: 0.079-1.846). After adjusting for age, gender, lesion size, lesion location
and biopsy characteristics, an impact of vinegar consumption on decreasing cancer risk was not observed (Tables 3 and
4).

) The subgroup analyses (Tables 5 and 6) indicated that the overall therapeutic improvement in endoscopic character-
istics and biopsy pathology seemed more obvious in older (age > 60) male patients with small lesions (lesion size < 0.5
cm).

Adverse events

Only 3 patients in the experimental group experienced adverse events related to vinegar therapy; 2 patients experienced
severe acid regurgitation and heartburn, and 1 patient claimed taste abnormalities. These patients experienced symptom
relief after the cessation of vinegar ingestion, and the symptoms may have been related to mucosal stimulation in the
mouth, pharynx, and esophagus caused by vinegar. No severe adverse events during gastroscopy were recorded during
reexamination.

DISCUSSION

This prospective clinical trial was designed to explore the influence of increased vinegar consumption on the prognosis of
patients with lightly stained esophageal lesions. Our study revealed that increased vinegar consumption did not reduce
the risk of esophageal cancer in the esophageal mucosa dysplasia population, but it improved the endoscopic character-
istics of a considerable number of patients with early lesions of the esophageal mucosa according to the ITT analysis
(33.72% vs 20.00%, P = 0.007), and biopsy pathology improved (19.77% vs 8.75%, P = 0.011).

It has been reported that the progression of esophageal mucosa generally progresses through the stages of normal
epithelium, mild atypical hyperplasia, moderate atypical hyperplasia, severe atypical hyperplasia, carcinoma in situ,
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Table 1 Characteristics of patients and lesions (intention-to-treat population), n (%)

Characteristics Experimental group Conventional group P value
No. of participants 86 80
Age, mean * SD, yr 59.84 + 8.40 59.75 +9.21 0.949'
BMI, mean * SD, kg/m” 23.89 £3.35 23.49 £2.29 0.372"
Sex 0.798”
Male 51 (59.30) 49 (61.25)
Female 35 (40.70) 31 (38.75)

Basic diseases

Diabetes 9 (10.47) 8 (10.00) 0.921>
Hypertension 14 (16.28) 6 (7.50) 0.083”
Coronary heart disease 4 (4.65) 4 (5.00) 0.916”
Family history of esophageal cancer or stomach 0.800”
cancer
No 67 (77.91) 61 (76.25)
Yes 19 (22.09) 19 (23.75)
Smoking 0.899”
No-smoker 46 (53.49) 42 (52.50)
Smoker 40 (46.51) 38 (47.50)
Smoking index 0.618”
<200 15 (17.44) 11 (13.75)
200-400 14 (16.28) 13 (16.25)
>400 11 (12.79) 14 (17.50)
Alcohol drinking 0.712*
No-drinker 39 (45.35) 34 (42.50)
Drinker 47 (54.65) 46 (57.50)
Alcohol ingestion, g/d 0.833
<20 23 (26.74) 20 (25.00)
20-60 13 (15.12) 13 (16.25)
260 11 (12.79) 13 (16.25)
Prefer hot dishes/hot tea 0.459”
No 50 (59.14) 51 (63.75)
Yes 36 (41.86) 29 (36.25)
Prefer spicy food 0.227>
No 76 (88.37) 75 (93.75)
Yes 10 (11.63) 5 (6.25)
Prefer pickled dishes 0.095”
No 77 (89.53) 77 (96.25)
Yes 9 (10.47) 3 (3.75)
Multiple Lugol’s voiding lesions 0.208”
No 52 (65.00) 57 (75.00)
Yes 28 (35.00) 19 (25.00)
Lesion location 0.197>
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Upper thoracic esophagus 12 (13.95) 8 (10.00)
Middle thoracic esophagus 44 (51.16) 52 (65.00)
Lower thoracic esophagus 30 (34.88) 20 (25.00)
Maximum diameter 0.134”
Lesion size < 0.5 cm 65 (75.58) 54 (67.50)
Lesion size > 0.5 cm 21 (24.42) 26 (32.50)
Morphology 0.324
Quasi circular 31 (36.05) 30 (37.50)
Bar-type 3(3.49) 7 (8.75)
Irregular shape 52 (60.47) 43 (53.75)
Biopsy pathology 0.506”
Squamous epithelial hyperplasia 77 (89.53) 74 (92.50)
Low grade intraepithelial neoplasia 9 (10.47) 6 (7.50)
Follow-up time 28.92 + 6.04 30.48 +5.88 0.0958"

IStudent’s t-test.

Chi-squared test.

Multiple Lugol’s voiding lesions: > 10 Lugol’s voiding lesions per endoscopic field of vision. Smoking index = length of smoking (year) x daily cigarette
consumption. Alcohol ingestion = daily alcohol consumption (mL) x alcohol concentration x 0.8.

(et

‘ Assessed for eligibility (n = 194) ‘

Excluded (n = 28)
Pregnant or lactation (n = 1)
Allergy to iodine (n = 1)
Advanced tumors (n = 4)
Reflux esophagitis (n = 12)
Declined to participate (n = 10)

Allocation

‘ Allocated for intervention (n = 166) ‘

l
[

Experimental group (n = 86) ‘ ‘ Conventional group (n = 80) ‘

Erop out (rlq = 1)( 2 m .| Poorcompliance (n=1)
oor compliance (1 = Adverse events (n = 1)
Advere frents(n = 3) Lost to follow up (n = 2)
Analysis: Analysis:
ITT (n = 86) ITT (n = 80)
PP (n = 80) PP (n = 76)

Figure 1 Flow chart of the patients in the cohort study. ITT: Intention-to-treat; PP: Per-protocol.

invasive carcinoma, etc[21]. Although esophageal dysplasia does not require immediate endoscopic resection, surveil-
lance should be maintained because of the potential risk of early esophageal cancer or precancerous lesions[22-24]. Early
treatment of esophageal mucosal lesions is helpful for preventing progression to esophageal cancer. Currently, treatment
for esophageal cancer relies mainly on early screening and diagnosis. For these early lesions, endoscopic resection or
special drug intervention is not yet necessary, but preventing progression at an early stage through dietary intervention is
very meaningful.
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Table 2 Characteristics of patients and lesions (per-protocol population), n (%)

Characteristics Experimental group Conventional group P value
No. of participants 80 76
Age, mean * SD, yr 59.69 + 8.47 59.32 £9.22 0.793'
BMI, mean * SD, kg/m” 23.93 +3.43 2349 £2.28 0.070"
Sex 0.535”
Male 49 (61.25) 47 (61.84)
Female 31 (38.75) 29 (38.16)

Basic diseases

Diabetes 9 (11.25) 8 (10.53) 0.545”
Hypertension 13 (16.25) 6 (7.89) 0.143°
Coronary heart disease 3 (3.75) 4 (5.26) 0.949”

Family history of esophageal cancer or stomach cancer 0.984”
No 62 (77.50) 59 (77.63)
Yes 18 (22.50) 17 (22.37)

Smoking 0.863"
No-smoker 41 (51.25) 40 (52.63)
Smoker 39 (48.75) 36 (47.37)

Smoking index 0.687>
<200 14 (17.50) 10 (13.16)
200-400 14 (17.50) 13 (17.11)
=400 11 (13.75) 13 (17.11)

Alcohol drinking 0.836
No-drinker 35 (45.75) 32 (42.11)
Drinker 45 (56.25) 44 (57.89)

Alcohol ingestion, g/d 0.936”
<20 21 (26.25) 19 (25.00)
20-60 13 (16.25) 13 (17.11)
> 60 11 (13.75) 12 (15.79)

Prefer hot dishes/hot tea 0.287”
No 46 (57.50) 50 (65.79)
Yes 34 (42.50) 26 (34.21)

Prefer spicy food 0.210”
No 70 (8.75) 71(93.42)
Yes 10 (12.50) 5 (6.58)

Prefer pickled dishes 0.087*
No 71 (88.75) 73 (96.05)
Yes 9 (11.25) 3 (3.95)

Multiple Lugol’s voiding lesions 0.3018"
No 54 (67.50) 57 (75.00)
Yes 26 (32.50) 19 (25.00)

Lesion location 0.194>
Upper thoracic esophagus 12 (15.00) 8 (10.53)
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Middle thoracic esophagus 39 (48.75) 48 (63.16)
Lower thoracic esophagus 29 (36.25) 20 (26.32)

Maximum diameter 0.379°
Lesion size < 0.5 cm 60 (75.00) 52 (68.42)
Lesion size > 0.5 cm 20 (25.00) 24 (31.58)

Morphology 0.518”
Quasi circular 29 (36.25) 28 (36.84)
Bar-type 3 (3.75) 6 (7.89)
Irregular shape 48 (60.00) 42 (55.26)

Biopsy pathology 0.477°
Squamous epithelial hyperplasia 71 (88.75) 70 (92.11)
Low grade intraepithelial neoplasia 9 (11.25) 6(7.89)

Follow-up time 29.53 +5.73 31.00 £ 5.52 0.514'

1Student’s #-test.
Chi-squared test.
BMI: Body mass index.

Table 3 Hazard ratio and 95%Cl of clinical therapeutic outcomes (intention-to-treat population)

Therapeutic effect HR (95%Cl) Multivariable adjusted HR (95%Cl)’

Endoscopic characteristics improved

Conventional group
Experimental group

Endoscopic characteristics deteriorate
Conventional group
Experimental group

Biopsy pathology improved
Conventional group
Experimental group

Biopsy pathology deteriorate

1.00

2183 (1.183, 4.028)"

1.00

0.791 (0.305, 2.048)

1.00

2.931 (1.212, 7.089)"

1.00

2,515 (1.318, 4.800)"

1.00

0.976 (0.920, 1.035)

1.00

2.710 (1.066, 6.891)"

Conventional group 1.00 1.00

Experimental group 0.690 (0.230, 2.069) 0.983 (0.911, 1.060)
HGIN or early cancer

Conventional group 1.00 1.00

Experimental group 0.382 (0.079, 1.846) 0.833 (0.125, 5.560)
P 0.05.
°P 0.01.

! Adjusted by age, sex, lesion size, lesion location and biopsy characteristics.
HR: Hazard ratio; HGIN: High-grade intraepithelial neoplasia.

In recent years, the use of natural food additives for the prevention and treatment of diseases has increased. Previous
nutritional intervention cohort studies have shown that appropriate doses of vitamin and mineral supplements may have
a preventive effect on chronic diseases caused by malignant tumours[25,26]. However, in a study on the effect of multiv-
itamin and mineral nutrition intervention on the mortality of upper digestive tract tumours in a population with severe
esophageal squamous epithelial hyperplasia in China that had been followed up for 35 years after a 6-year intervention
period, no effect of multivitamin or mineral nutrition on the mortality of upper digestive tract tumours in the population
was observed[27]. Another prospective study showed that the Qilian Shupi Granule had a pathological reversal effect on
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Table 4 Hazard ratio and 95%ClI of clinical therapeutic outcomes (per-protocol population)

Therapeutic effect HR (95%Cl) Multivariable adjusted HR (95%Cl)’
Endoscopic characteristics improved
Conventional group 1.00 1.00
Experimental group 2.307 (1.202, 4.426)" 2.545 (1.282, 5.052)"
Endoscopic characteristics deteriorate
Conventional group 1.00 1.00
Experimental group 0.793 (0.306, 2.055) 0.979 (0.923, 1.037)
Biopsy pathology improved
Conventional group 1.00 1.00
Experimental group 3.320 (1.295, 8.507)" 3.186 (1.179, 8.605)"
Biopsy pathology deteriorate
Conventional group 1.00 1.00
Experimental group 0.795 (0.259, 2.440) 0.969 (0.896, 1.048)
HGIN or early cancer
Conventional group 1.00 1.00
Experimental group 0.382 (0.079, 1.846) 0.750 (0.140, 4.015)
4P 0.05.
°P 0.01.
Tadjusted by age, sex, lesion size, lesion location and biopsy characteristics.
HR: Hazard ratio; HGIN: High-grade intraepithelial neoplasia.
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Figure 2 Kaplan-Meyer survival analysis (intention-to-treat population). A: Endoscopic characteristics improved; B: Biopsy pathology improved; C:
Endoscopic characteristics deteriorated; D: Biopsy pathology deteriorated; E: Lesions progressing to high-grade intraepithelial neoplasia or early cancer.
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Table 5 Subgroup analyses for endoscopic characteristics improved (intention-to-treat population)

Subgroup Number (n) Rate (%) HR (95%Cl) Pvalue
Male (n = 100) 0.008
Conventional group (n = 49) 7 14.29 1.00
Experimental group (1 = 51) 19 37.25 3.232 (1.353, 7.719)
Female (n = 66) 0.542
Conventional group (n = 31) 9 29.03 1.00
Experimental group (1 = 35) 10 28.57 1.324 (0.537, 3.263)
Age > 60 (n = 82) 0.008
Conventional group (n = 42) 7 16.67 1.00
Experimental group (1 = 40) 15 37.50 3.425 (1.380, 8.497)
Age <60 (n=84)
Conventional group (n = 38) 9 23.68 1.00 0.395
Experimental group (1 = 46) 14 30.43 1.438 (0.622, 3.323)
Lesion size < 0.5 cm (n = 119) 0.010
Conventional group (1 = 54) 10 18.52 1.00
Experimental group (1 = 65) 24 36.92 2.708 (1.263, 5.806)
Lesion size > 0.5 cm (n = 47) 0.794
Conventional group (n = 26) 6 23.08 1.00
Experimental group (1 = 21) 5] 23.81 1.181 (0.339, 4.119)
Lesion in upper thoracic esophagus (1 = 20) 0.123
Conventional group (1 = 8) 2 25.00 1.00
Experimental group (n = 12) B 41.67 3.686 (0.701, 19.366)
Lesion in middle thoracic esophagus (1 = 96) 0.245
Conventional group (1 = 52) 12 23.08 1.00
Experimental group (n = 44) 13 29.55 1.596 (0.726, 3.506)
Lesion in lower thoracic esophagus (1 = 50) 0.060
Conventional group (n = 20) 2 10.00 1.00
Experimental group (1 = 30) 11 36.67 4.265 (0.943, 19.298)
Undergone esophageal ESD previously (1 = 65) 0.078
Conventional group (n = 29) b) 17.24 1.00
Experimental group (1 = 36) 12 33.3 2.386 (0.908, 6.267)
Not undergone esophageal ESD previously (n = 101) 0.076
Conventional group (n = 51) 11 21.57 1.00
Experimental group (1 = 50) 17 34.00 2.100 (0.924, 4.772)
Lesion biopsy: Squamous epithelial hyperplasia (n = 151) 0.009
Conventional group (n = 74) 14 18.92 1.00
Experimental group (1 = 77) 26 33.77 2.380 (1.238, 4.575)
Lesion biopsy: Low grade intraepithelial neoplasia (1 = 15) 0.814
Conventional group (1 = 6) 2 33.3 1.00
Experimental group (1 = 9) 3 33.3 1.241 (0.206, 7.479)
HR: Hazard ratio; ESD: Endoscopic submucosal dissection.
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Table 6 Subgroup analyses for biopsy pathology improved (intention-to-treat population)

Subgroup Number (n) Rate (%) HR (95%Cl) Pvalue
Male (n = 100) 0.043
Conventional group (n = 49) 4 8.16 1.00
Experimental group (1 = 51) 11 21.57 3.285 (1.040, 10.375)
Female (n = 66) 0.227
Conventional group (n = 31) 3 9.68 1.00
Experimental group (1 = 35) 6 17.14 2.356 (0.587, 9.449)
Age > 60 (n = 82) 0.035
Conventional group (n = 42) 4 9.52 1.00
Experimental group (1 = 40) 9 22.50 3.609 (1.091, 11.933)
Age <60 (n = 84) 0.187
Conventional group (n = 38) 8 7.89 1.00
Experimental group (1 = 46) 8 17.39 2.444 (0.648, 9.216)
Lesion size < 0.5 cm (n = 119) 0.042
Conventional group (1 = 54) 3 5.56 1.00
Experimental group (1 = 65) 14 21.54 3.199 (1.042, 9.820)
Lesion size > 0.5cm (1 = 47) 0.214
Conventional group (n = 26) 4 15.38 1.00
Experimental group (1 = 21) 8] 14.29 2.626 (0.573,12.033)
Lesion in upper thoracic esophagus (1 = 20) 0.440
Conventional group (1 = 8) 1 12.50 1.00
Experimental group (n = 12) 2 16.67 2.610 (0.229, 29.702)
Lesion in middle thoracic esophagus (1 = 96) 0.108
Conventional group (1 = 52) 5) 9.62 1.00
Experimental group (n = 44) 8 18.18 2.510 (0.817, 7.708)
Lesion in lower thoracic esophagus (1 = 50) 0.112
Conventional group (n = 20) 1 5.00 1.00
Experimental group (1 = 30) 7 23.33 5.485 (0.673, 44.705)
Undergone esophageal ESD previously (1 = 65) 0.088
Conventional group (n = 29) 2 6.90 1.00
Experimental group (1 = 36) 5) 13.89 4.462 (0.799, 24.917)
Not undergone esophageal ESD previously (n = 101) 0.135
Conventional group (n = 51) 5) 9.80 1.00
Experimental group (1 = 50) 12 24.00 2.198 (0.783, 6.171)
Lesion biopsy: Squamous epithelial hyperplasia (n = 151) 0.056
Conventional group (n = 74) 5 6.76 1.00
Experimental group (1 = 77) 11 14.29 2.820 (0.974, 8.161)
Lesion biopsy: Low grade intraepithelial neoplasia (1 = 15) 0.342
Conventional group (1 = 6) 2 BB188 1.00
Experimental group (1 = 9) 6 66.67 2.184 (0.436, 10.936)

HR: Hazard ratio; ESD: Endoscopic submucosal dissection.
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Figure 3 Kaplan-Meyer survival analysis (per-protocol population). A: Endoscopic characteristics improved; B: Biopsy pathology improved; C:
Endoscopic characteristics deteriorated; D: Biopsy pathology deteriorated; E: Lesions progressing to high-grade intraepithelial neoplasia or early cancer.

mild and moderate atypical hyperplasia of the esophageal squamous epithelium, but the number of patients studied was
relatively small[28]. Dietary intervention for esophageal lesions lightly stained with Lugol’s iodine solution is still worth
studying.

Both grain vinegar and fruit vinegar, which are fermented by traditional methods, possess a variety of physiological
functions, such as antibacterial, anti-infection, antioxidative, blood glucose control, lipid metabolism regulation, weight
loss, and anticancer activities[12]. Several grain vinegars, such as Shanxi aged vinegar and Japanese black vinegar,
strongly inhibit the growth of several types of cancer cells in vivo or in vitro[29,30]. Polyphenols (such as resveratrol) in
some fruits have anticancer effects; thus, the long-term ingestion of fruit vinegar may also have a positive anticancer
effect in humans[31,32]. According to the results of epidemiological investigations, the incidence of esophageal cancer in
Linzhou (Henan, China) is negatively correlated with grain vinegar consumption[16]. In theory, supplementation with
vinegar has a positive effect on the prevention of upper gastrointestinal tumours in the general population. However, as a
consumable substance, vinegar may have a notable short-term health promoting effect, but its impact on the long-term
risk of disease is highly controversial. In this study, it was also observed that vinegar supplementation could improve
endoscopic morphology and biopsy pathology, but there was no clear statistical significance in preventing the risk of
disease progression to HGIN/early cancer after analysis. This may be because the population has already experienced
esophageal squamous cell hyperplasia. Supplying vinegar to such patients cannot promote the reversion of proliferative
esophageal squamous epithelial cells to a normal morphology; it delays the progression of lesions to a certain extent but
cannot prevent the occurrence of cancer. Based on the above results, we speculate that the therapeutic effect of vinegar on
patients may be related to the fact that vinegar can improve the proliferation and differentiation of esophageal mucosal
cells, regulate the body’s immunity, eliminate free radicals, and improve esophageal blood flow. In addition, the
consumption of vinegar in patients with reflux esophagitis increases the risk of acid regurgitation and heartburn, so it is
not recommended for these patients.

This clinical trial has several limitations. First, randomization was not performed because of patient cooperation, and
selection bias may have resulted. Second, the study was limited by its single-centre nature, which also led to some data
bias. Third, a larger sample size and further evaluation could more strongly support the research conclusion. The number
of patients with HGIN or early cancer who developed in the experimental group within 2 years was lower than that in
the conventional group, indicating that the intervention measures may have been effective and that the absolute value of
occurrence may have been reduced. However, the statistical test showed no difference, which could be caused by an
insufficient sample size and insufficient follow-up observation time.

CONCLUSION

This study showed that increased ingestion of vinegar could not directly reduce the risk of esophageal cancer in patients
with esophageal mucosa dysplasia. A considerable number of patients benefit from vinegar ingestion, which results in
improved endoscopic morphology and pathology. Due to the many limitations of this trial, including the lack of random-
ization, the results should be interpreted with caution, and further studies are needed.
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