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Abstract

Objectives

To evaluate the associations of pre-endoscopy anxiety with discomfort and tolerance in

patients undergoing unsedated esophagogastroduodenoscopy (EGD).

Methods

This is a hospital-based cohort study of 348 patients undergoing routine, non-advanced

EGD without sedation. The primary outcomes were discomfort and tolerance. The anxiety

before endoscopy was evaluated with a 10-point visual analogue scale (VAS). The associa-

tions of pre-endoscopy anxiety with the outcomes were evaluated with logistic regression

adjusting for potential confounders like age, sex, and body mass index.

Results

Seventy patients reported severe discomfort and 56 patients reported poor tolerance after

endoscopy. The risk of severe discomfort increased with pre-endoscopy anxiety and

reached a platform around 7–10 points. Compared with the participants with low pre-endos-

copy anxiety, those with moderate (adjusted odds ratio [OR] 2.70, 95% confidence interval

[CI] 1.17 to 6.22) and high level of anxiety (adjusted OR 6.87, 95% CI 2.16 to 21.79) were

associated with a gradual increase in the risk of severe discomfort (P-trend < 0.001). The

association between pre-endoscopy anxiety and tolerance was linear, with an adjusted OR

of 1.67(95% CI 1.33 to 2.08) for a 1-score increase in pre-endoscopy anxiety VAS. The

associations were not modified by age, sex, pharyngitis, duration of endoscopy, and diame-

ter of the endoscope.

Conclusions

Pre-endoscopy anxiety was an independent predictor of severe discomfort and poor toler-

ance in Chinese patients undergoing unsedated EGD. Our findings suggested the

PLOS ONE | https://doi.org/10.1371/journal.pone.0212180 February 19, 2019 1 / 12

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Yang M, Lu L-L, Zhao M, Liu J, Li Q-L, Li

Q, et al. (2019) Associations of anxiety with

discomfort and tolerance in Chinese patients

undergoing esophagogastroduodenoscopy. PLoS

ONE 14(2): e0212180. https://doi.org/10.1371/

journal.pone.0212180

Editor: John Green, University Hospital Llandough,

UNITED KINGDOM

Received: August 6, 2018

Accepted: January 24, 2019

Published: February 19, 2019

Copyright: © 2019 Yang et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: Data cannot be

shared publicly because the dataset contains

sensitive patient information and the participant

could be identified through the date of endoscopy,

age, sex and other personal information. Data are

available from the Ethics Committee of Songgang

Hosipital, Baoan, Shenzhen (contact via email:

whtfmmu@gmail.com, tel: +86-755-29627824) for

researchers who meet the criteria for access to

confidential data.

http://orcid.org/0000-0003-0016-776X
https://doi.org/10.1371/journal.pone.0212180
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0212180&domain=pdf&date_stamp=2019-02-19
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0212180&domain=pdf&date_stamp=2019-02-19
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0212180&domain=pdf&date_stamp=2019-02-19
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0212180&domain=pdf&date_stamp=2019-02-19
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0212180&domain=pdf&date_stamp=2019-02-19
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0212180&domain=pdf&date_stamp=2019-02-19
https://doi.org/10.1371/journal.pone.0212180
https://doi.org/10.1371/journal.pone.0212180
http://creativecommons.org/licenses/by/4.0/
mailto:whtfmmu@gmail.com


importance of the management of anxiety to reduce adverse endoscopic experience and

taking high level of anxiety as an indication for sedation.

Introduction

Esophagogastroduodenoscopy (EGD) is the gold standard test for the investigation of upper

gastrointestinal symptoms, allowing a direct view of mucosal surfaces, photography, biopsy,

and therapeutic intervention[1]. EGD is widely accepted. Approximately 6.9 million proce-

dures were performed in the U.S. in 2009[2]. EGD is an invasive and unpleasant procedure

which may lead to gag reflex, panic, fear, abdominal fullness and pain[3]. In a survey of 509

patients attending for routine diagnostic gastroscopy, 39 subjects (8%) failed to complete the

initial unsedated endoscopy due to poor tolerance, 51 (9%) of those who completed endoscopy

experienced severe discomfort during the procedure[4]. The discomfort and tolerance can be

effectively improved by sedation, but sedation may lead to adverse events such as cardiorespi-

ratory arrest[5], increase the complexity and duration of endoscopy, and increase medical

cost. Identifying risk factors for severe discomfort and poor tolerance is important for clinical

practice as it enables individualized use of sedation and, when the factors are modifiable, pro-

vides methods to reduce the risk.

A number of factors, such as age[4, 6, 7], pharyngeal sensitivity[7], chronic use of psycho-

tropic drugs or alcohol[8], and diameter of EGD[4] have been shown to be associated with dis-

comfort and tolerance in patients undergoing EGD. As a modifiable factor, anxiety before

endoscopy has been investigated in some studies but the evidence remains unclear[4, 6–12].

First, previous studies have showed mixed findings demonstrating either a harmful[4, 7–9], or

null effect[6, 10–12] of anxiety on comfort or tolerance. Second, the associations of pre-endos-

copy anxiety with discomfort and tolerance may not be linear but no previous studies have

investigated the non-linear association. Third, the associations were likely to be confounded

by pharyngeal sensitivity, obesity, duration of endoscopy, and endoscopists, but most previous

studies did not adequately control these factors[4, 6–12]. Last, the discomfort and tolerance to

EGD and acceptance to sedation vary considerably among patients in different countries[13].

Most previous studies were carried out in Europe and North America[4, 6–9, 12], while evi-

dence from the Chinese population has been lacking. Managing anxiety is important for both

sedated and unsedated EGD. For unsedated procedures, managing anxiety may reduce the

potential needs for sedation; For procedures performed with sedation, it may reduce the doses

of sedation, which increases the risk of adverse events and the cost. The aim of the present

study was to investigate the associations of pre-endoscopy anxiety with discomfort and toler-

ance in Chinese patients undergoing unsedated EGD.

Materials and methods

Design, study setting, and participants

This is a prospective hospital-based cohort study. We consecutively recruited 348 inpatients or

outpatients undergoing EGD from an upper second-class hospital in Shenzhen, China from

May to June 2017. The inclusion criteria were as follows: 1) aged 18 years or over; 2) scheduled

to undergo routine, diagnostic non-advanced EGD, for any reasons; 3) unsedated; 4) undergo-

ing EGD for the first time. We excluded patients with EGD contraindications including preg-

nancy, esophageal stenosis, upper gastrointestinal tract anomalies, and a history of upper

gastrointestinal surgery. Before recommending an EGD to a patient in our hospital, the doctor
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needs to ask whether the patient has these contraindications. The judgment for esophageal ste-

nosis and upper GI tract anomalies was based on self-reporting. We cannot rule out undiag-

nosed esophageal stenosis or upper GI tract anomalies, however, we did not find such cases

among the included participants after EGD exam. Written informed consents were obtained

from all participants. This study was approved by the ethics committee of Songgang People’s

Hospital (SGPHE201704G).

There were two comparisons in our primary analyses (moderate anxiety group vs. low

anxiety group, high anxiety group vs. low anxiety group). Based on the estimated effects

from previous studies[4, 8], we expected the intolerance rates are 9.3%, 40% and 55% for

the low, moderate and high anxiety group, respectively. Using a significance level (2-sided)

of 0.05 and a power of 0.8, the total number of participants required is 109 (72 for the

comparison moderate vs low and 36 for comparison high vs low).

Endoscopic procedure

To avoid fasting for long period of time for patients, over 95% diagnostic EGD procedures are

scheduled in the morning working period (8:00 am to 12:30 am) in our hospital. Endoscopy

nurses introduced the EGD procedure, benefits, and potential harms to all participants as a

standard procedure before signing the informed consent form for endoscopy. All patients

received lidocaine hydrochloride mucilage (12 mg per application) in a standardized fashion

about 10 to 20 minutes before the endoscopy. Patients who required sedation were excluded.

Five certified endoscopists with at least three years of endoscopy experience performed all pro-

cedures. We assigned patients to endoscopists randomly. Patients had no information on the

background of the endoscopists. Patients were examined using one of the endoscopes in our

center including GIF-H260Z, GIF-Q260J, GIF-Q260, GIF-XQ260 instruments (Olympus,

KeyMed, Southend-on-Sea, UK) in the left lateral position. The procedures were performed in

a standardized way. An examination was considered technically adequate if all anatomic seg-

ments of the upper GI tract (esophagus, stomach, bulb and second portion of duodenum, fun-

dus of the stomach) were adequately viewed.

Assessment of pre-endoscopy anxiety

We evaluated patients’ level of anxiety in the waiting room before undergoing endoscopy. Par-

ticipants were asked “what’s your current level of anxiety about the endoscopy?”. The partici-

pants were asked to rate their anxiety by a visual analogue scale (VAS) as previous studies [7, 8,

14] (0 point: no anxiety, 10 points: extreme anxiety). We categorized 0� VAS� 3 as low level,

4� VAS� 6 as moderate, and 7� VAS� 10 as high level of anxiety for data analyses.

Covariates

We selected covariates that may influence patients’ comfort and tolerance based on a literature

review [3, 4, 6–8, 11, 15–17] and a discussion with the endoscopists in our center. Data were

collected with a structured questionnaire. The covariates included sociodemographic charac-

teristics (age, sex, weigh, height, education, and family income), lifestyle behaviors (smoking,

alcohol drinking), current or recent use of psychotropic drugs (antidepressant, antianxiety

drug, antimanic drug, antipsychotic drug, tranquillizers, and others), self-reported snore, cur-

rent diagnose with pharyngitis, and self-evaluated tolerance for uncomfortable feelings such as

pain and nausea (evaluated with a 10-point VAS) [7, 8, 14]. Endoscopy nurses with at least 5

years of working experience evaluated the pharyngeal sensitivity by the method described by

Moulton et al[18]. Modified mallampati classification was used to evaluate the view of
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oropharyngeal[19]. The duration of procedure and diameter of endoscope were recorded after

the procedures.

Outcomes

Endoscopy nurses evaluated the study outcomes with a questionnaire about 10 to 20 minutes

after endoscopy when the patients were waiting for the EGD results. The primary outcomes

were discomfort (determined by asking ‘what was your level of discomfort during the proce-

dure?’) and tolerance (‘how hard did you feel to tolerate the discomfort during the proce-

dure?’). The secondary outcomes included panic and fear (‘what was your level of panic and

fear during the procedure?’) and the willingness to repeat unsedated endoscopy in the future.

Discomfort, tolerance, and panic/fear were evaluated with a 10-point VAS as used by previous

studies[7, 8, 14], and were dichotomized based on a cut-off at 7 point (7� VAS score� 10:

severe discomfort / poor tolerance / intense panic and fear). The willingness to repeat unse-

dated endoscopy in the future was assessed by answering ‘yes’ or ‘no’.

We evaluated the content validity of the questionnaires by discussing with the five gastroen-

terologists in our center. Most of the questions were concise and straightforward and have

been validated in previous study[12].

Data analyses

We carried out descriptive analysis and reported means and standard deviations (SD) for con-

tinuous variables and percentages for categorical variables. To explore the shape of the associa-

tion between pre-endoscopy anxiety and study outcomes, we used general additive logistic

regression model taking pre-endoscopy anxiety as a smoothed term[20]. The choice of the

degrees of freedom was determined by comparing the Akaike Information Criterion and

residual deviance of different models[21]. Because no single parameter values for the exposure

were returned directly from general additive model, we additionally evaluated the odds ratios

(ORs) with regular logistic regression.

Multivariate regression analyses were adopted to adjust for established and potential con-

founding factors. The basic model adjusted for baseline age (continuous), sex (men or

women), and body mass index (continuous). The fully-adjusted model additionally adjusted

for current smoking (yes or no), current alcohol drinking (yes or no), education (secondary

school or lower, high school or higher), self-reported pharyngitis (yes or no), self-evaluated tol-

erance to unpleasant feelings (continuous), pharyngeal sensitivity (normal or attenuated),

modified Mallampati classification of oropharyngeal view (continuous), duration of endos-

copy (continuous), and diameter of endoscope (9.0–9.2 mm or 9.8–9.9 mm). Because the rate

of psychotropic drug use was very low (4.6%, n = 16), and the rate of individual drug use was

even lower, their contributions to the regression model were tiny. We therefore did not

include the use of psychotropic drugs in the regression analysis. The primary analyses were

based on complete case analysis. To investigate the potential influence of missing covariate

data, we used multiple imputation to generate missing data and reanalyzed the study. We also

re-fitted the unadjusted model and basic adjustment model by restricting the participants in

those participants with complete data.

We undertook subgroup analyses by age, sex, self-reported pharyngitis, duration of endos-

copy, and diameter of endoscope. The interaction effects were tested by including an interac-

tion term in the regression model. We conducted a series of sensitivity analyses to check the

robustness of the primary results: 1) additionally adjusting for family income; 2) additionally

adjusting for snore; 3) additionally adjusting for endoscopists; and 4) considered VAS� 5 as

the definition of severe discomfort, poor tolerance, and intense panic and fear. Two-sided

Pre-endoscopy anxiety affacts discomfort and tolerance in patients undergoing EGD

PLOS ONE | https://doi.org/10.1371/journal.pone.0212180 February 19, 2019 4 / 12

https://doi.org/10.1371/journal.pone.0212180


P<0.05 was considered statistically significant for all analyses. Analyses were performed using

R software version 3.4.1 (R Development Core Team, 2017).

Results

Baseline characteristics

Table 1 presents the baseline characteristics of participants by the level of pre-endoscopy anxi-

ety. The median age of participants was 35 years and 62.1% of the participants were men. The

mean pre-endoscopy anxiety VAS score was 4 points (SD = 2). A total of 38 patients were clas-

sified into high anxiety group based on the cut-off at� 7 VAS score. The participants with

high pre-endoscopy anxiety were likely to be older, with lower self-evaluated tolerance to

unpleasant feelings. All participants completed post-endoscopy outcome assessment. Two

patients failed to finish the procedure due to severe discomfort. They were considered as cases

with severe discomfort, poor tolerance, and severe panic and fear in our analysis; They also

Table 1. Characteristics of participants.

Pre-endoscopy anxiety level

Low

(0� VAS� 3)

N = 166

Moderate

(4� VAS� 6)

N = 144

High

(7� VAS� 10)

N = 38

P-value�

Mean (SD) age, years 37.0(12.0) 33.0(9.0) 33.0(6.0) 0.006

Female, n(%) 60(36.1) 62(43.1) 12(31.6) 0.30

Mean (SD) BMI, kg/m2 21.9(2.7) 22.3(3.6) 22.4(3.0) 0.58

Current smoker, n(%) 38(24.4) 44(31.0) 12(31.6) 0.39

Current alcohol drinker, n(%) 28(17.9) 36(26.9) 12(31.6) 0.09

Self-reported pharyngitis, n(%) 30(18.3) 34(23.9) 12(33.3) 0.12

Psychotropic medicine, n(%) 6(3.7) 8(5.7) 2(5.3) 0.70

Education

Illiteracy, n(%) 4(2.5) 0(0.0) 0(0.0) 0.42

Primary school, n(%) 10(6.2) 12(8.3) 4(10.5)

Secondary school, n(%) 80(49.4) 76(52.8) 20(52.6)

High school, n(%) 58(35.8) 48(33.3) 14(36.8)

University or above, n(%) 10(6.2) 8(5.6) 0(0.0)

Mean (SD) self-evaluated tolerance 5.3(1.4) 4.8(1.0) 4.9(2.8) 0.006

Gag reflex

Normal, n(%) 154(93.9) 134(94.4) 38(100.0) 0.30

Attenuated, n(%) 10(6.1) 8(5.6) 0(0.0)

Absent, n(%) 0(0.0) 0(0.0) 0(0.0)

Mallampati classification

Class I, n(%) 78(47.0) 66(47.1) 30(78.9) 0.006

Class II, n(%) 66(39.8) 52(37.1) 2(5.3)

Class III, n(%) 14(8.4) 14(10.0) 4(10.5)

Class IV, n(%) 8(4.8) 8(5.7) 2(5.3)

Mean (SD) of endoscopy procedure time, minutes 5.1(2.2) 5.1(2.6) 5.0(2.9) 0.94

Diameter of endoscope

9.0–9.2 mm 138(87.3) 124(87.3) 22(61.1) <0.001

9.8–9.9 mm 20(12.7) 18(12.7) 14(38.9)

�The difference between groups were tested by analysis of variance for continuous variables and Chi-square test for categorical variables

VAS: visual analogue scale (0–10 points). SD: standard deviation. BMI: body mass index

https://doi.org/10.1371/journal.pone.0212180.t001
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expressed unwillingness to repeat unsedated endoscopy in the future. These two patients did

not receive sedation to accomplish the procedures so they were still eligible for analysis.

Discomfort

A total of 348 participants with 70 cases of severe discomfort contributed to the analyses.

Fig 1A presents the nonlinear association between pre-endoscopy anxiety and discomfort. The

Fig 1. Non-linear associations between pre-endoscopy anxiety with patient-related outcomes. The results were based on general additive

model taking pre-endoscopy anxiety score as the smoothing term. The figures showed the smooth component (pre-endoscopy anxiety) of fitted

general additive models in terms of discomfort (Panel A), tolerance (Panel B), panic and fear during endoscopy (Panel C), and the willingness to

repeat unsedated endoscopy (Panel D). A larger s (anxiety) value indicated greater discomfort, lower tolerance, greater panic and fear during

endoscopy, and lower willingness to repeat unsedated endoscopy.

https://doi.org/10.1371/journal.pone.0212180.g001
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association ascended and reached a platform around 7–10 points. Results from regular logistic

model suggested that the crude OR for 1-score increase in pre-endoscopy anxiety VAS was

1.33 (95%CI, 1.17 to 1.52)(Table 2). The association did not change after the adjustment for

potential confounders (adjusted OR 1.32, 95%CI 1.09 to1.61). Compared with the participants

with low pre-endoscopy anxiety, those with moderate (adjusted OR 2.70, 95%CI 1.17 to 6.22)

and high (adjusted OR 6.87, 95%CI 2.16 to 21.79) anxiety were associated with a gradual

increase in the risk of severe discomfort (P-trend < 0.001). The results were similar in

the additional analyses using the multiple imputation dataset or limiting the participants

among those with complete covariate information (S1 and S2 Tables in the Supporting Infor-
mation file).

Tolerance

A total of 348 participants with 56 cases of poor tolerance contributed to the analyses for toler-

ance. The relationship between pre-endoscopy anxiety and risk of poor tolerance was linear

(Fig 1B), with an adjusted OR of 1.67(95%CI, 1.33 to 2.08) for 1-score increase in pre-endos-

copy anxiety (Table 2). Compared with the participants with low pre-endoscopy anxiety, those

with moderate (adjusted OR 4.58, 95%CI 1.53 to 13.70) and high (adjusted OR 30.78, 95%CI

7.90 to 119.85) anxiety were associated with a significant increase in the risk of poor tolerance.

Table 2. Associations of pre-endoscopy anxiety with discomfort and tolerance.

OR [95%CI]

Unadjusted model Basic model † Fully adjusted model ‡

Discomfort

No. of participants 348 322 264

No. of events 70 68 56

OR for 1-score increase in pre-endoscopy anxiety VAS 1.33[1.17, 1.52]��� 1.31[1.15, 1.51]��� 1.32[1.09, 1.61]��

OR by pre-endoscopy anxiety categories

Low (0 � VAS � 3) 1.00(referent) 1.00(referent) 1.00(referent)

Moderate (4� VAS � 6) 2.33[1.27, 4.27]�� 2.37[1.26, 4.48]�� 2.70[1.17, 6.22]�

High (7� VAS � 10) 5.38[2.43, 11.92]��� 5.12[2.26, 11.60]��� 6.87[2.16, 21.79]��

P-trend <0.001 <0.001 0.001

Tolerance

No. of participants 348 322 264

No. of events 56 54 46

OR for 1-score increase in pre-endoscopy anxiety VAS 1.51[1.30, 1.76]��� 1.50[1.29, 1.75]��� 1.67[1.33, 2.08]���

OR by pre-endoscopy anxiety categories

Low (0 � VAS � 3) 1.00(referent) 1.00(referent) 1.00(referent)

Moderate (4� VAS � 6) 3.88[1.81, 8.31]��� 3.67[1.66, 8.12]��� 4.58[1.53, 13.70]��

High (7� VAS � 10) 14.22[5.77, 35.05]��� 13.47[5.33, 34.04]��� 30.78[7.90, 119.85]���

P-trend <0.001 <0.001 <0.001

† Basic model: adjusted for age, sex, and body mass index.
‡ Fully adjusted model: additionally adjusted for smoking, alcohol drinking, education, self-reported pharyngitis, self-evaluated tolerance to unpleasant feelings,

pharyngeal sensitivity, modified Mallampati classification of oropharyngeal view, duration of endoscopy, and diameter of endoscope.

� 0.01� P < 0.05,

�� 0.001� P < 0.01,

��� P < 0.001

OR: odds ratio. CI: confidence interval. VAS: visual analogue scale (0–10 points)

https://doi.org/10.1371/journal.pone.0212180.t002
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Panic and fear during endoscopy

Forty patients (11.5%) reported severe panic and fear during endoscopy. The association

between pre-endoscopy anxiety and risk of severe panic/fear was linear (Fig 1C). The adjusted

OR for 1-score increase in pre-endoscopy anxiety VAS score was 1.80 (95%CI 1.39 to 2.32)

(Table 3). Moderate (adjusted OR 16.59, 95%CI 3.23 to 85.17) and high (adjusted OR 88.66,

95%CI 12.32 to 637.94) pre-endoscopy anxiety were associated with severe panic and fear dur-

ing endoscopy when compared with those with low level of anxiety.

Willingness to repeat unsedated endoscopy

The unadjusted model suggested that pre-endoscopy anxiety was associated with a higher rate

of willingness to repeat unsedated endoscopy, but the association was weak and there was

insufficient evidence of association after adjustment for confounders.

Subgroup analyses and sensitivity analyses

S3 and S4 Tables in the Supporting Information file present subgroup analyses. The associations

of pre-endoscopy anxiety with discomfort, tolerance and panic/fear were not modified by age,

sex, pharyngitis, duration of endoscopy, and diameter of endoscope. The duration of endos-

copy (P = 0.05) and diameter of endoscope (P = 0.006) showed interaction effects with the

Table 3. Associations of pre-endoscopy anxiety with panic/fear during endoscopy and the willingness to repeat unsedated endoscopy.

OR [95%CI]

Unadjusted model Basic model † Fully adjusted model ‡

Panic and fear during endoscopy 348 322 264

No. of participants 40 38 34

No. of events

OR for 1-score increase in pre-endoscopy anxiety VAS 1.58[1.33, 1.86]��� 1.57[1.31, 1.87]��� 1.80[1.39, 2.32]���

OR by pre-endoscopy anxiety categories

Low (0 � VAS � 3) 1.00(referent) 1.00(referent) 1.00(referent)

Moderate (4� VAS � 6) 18.60[4.33, 79.92]��� 14.69[3.38, 63.82]��� 16.59[3.23, 85.17]��

High (7� VAS � 10) 38.31[8.11, 181.02]��� 34.62[7.24, 165.60]��� 88.66[12.32, 637.94]���

P-trend <0.001 <0.001 <0.001

Willingness to repeat unsedated endoscopy

No. of participants 342 316 260

No. of events 76 66 60

OR for 1-score increase in pre-endoscopy anxiety VAS 1.14[1.00, 1.29]� 1.12[0.98, 1.28] 1.18[0.99, 1.39]

OR by pre-endoscopy anxiety categories

Low (0 � VAS � 3) 1.00(referent) 1.00(referent) 1.00(referent)

Moderate (4� VAS � 6) 1.34[0.78, 2.32] 1.29[0.71, 2.34] 1.61[0.76, 3.39]

High (7� VAS � 10) 1.61[0.71, 3.68] 1.75[0.75, 4.11] 1.70[0.57, 5.04]

P-trend 0.21 0.21 0.23

† Basic model: adjusted for age, sex, and body mass index.
‡ Fully adjusted model: additionally adjusted for smoking, alcohol drinking, education, self-reported pharyngitis, self-evaluated tolerance to unpleasant feelings,

pharyngeal sensitivity, modified Mallampati classification of oropharyngeal view, duration of endoscopy, and diameter of endoscope.

� 0.01� P < 0.05,

�� 0.001� P < 0.01,

��� P < 0.001

OR: odds ratio. CI: confidence interval.VAS: visual analogue scale (0–10 points)

https://doi.org/10.1371/journal.pone.0212180.t003

Pre-endoscopy anxiety affacts discomfort and tolerance in patients undergoing EGD

PLOS ONE | https://doi.org/10.1371/journal.pone.0212180 February 19, 2019 8 / 12

https://doi.org/10.1371/journal.pone.0212180.t003
https://doi.org/10.1371/journal.pone.0212180


association between pre-endoscopy anxiety and the willingness to repeat unsedated endos-

copy. Pre-endoscopy anxiety was associated with a significantly lower rate of willingness to

repeat unsedated endoscopy if the duration of endoscopy was� 5 minutes (OR 1.40, 95%CI

1.08 to 1.81) or the diameter of endoscope was 9.8–9.9 mm (OR 1.68, 95%CI 1.18 to 2.39).

Sensitivity analyses by additionally adjusting for family income, snore, and endoscopists

generally show no major influence on the primary results (S5 Table in the Supporting Informa-
tion file. The associations did not change taking VAS� 5 as the definition of severe discom-

fort, poor tolerance, and intense panic and fear.

Discussion

This hospital-based cohort indicated that the anxiety before endoscopy was independently

associated with discomfort, tolerance, panic and fear during endoscopy in Chinese patients

undergoing standard diagnostic EGD without sedation. The level of discomfort increased with

pre-endoscopy anxiety and reached a platform around 7–10 points. The associations between

pre-endoscopy anxiety with tolerance and panic/fear during endoscopy were linear. The asso-

ciation between pre-endoscopy anxiety with the willingness to repeat unsedated endoscopy

was modified by the duration of endoscopy and diameter of endoscope. Pre-endoscopy anxiety

was associated with a significantly lower rate of willingness to repeat unsedated endoscopy if

the duration of endoscopy was� 5 minutes or a relatively larger diameter endoscope (9.8–9.9

mm) was used.

Our findings were in agreement with a number of previous studies[4, 7, 8]. A cohort study

of 509 participants suggested that high level of anxiety were related to poor tolerance in

patients undergoing diagnostic EGD[7].A study of 508 patients attending for routine diagnos-

tic gastroscopy suggested high apprehension about examination was associated with signifi-

cantly high discomfort (OR 2.72, 95%CI 1.79–4.12) and preference for sedation during any

future endoscopy (OR 2.25, 95%CI 1.44–3.50). However, this study did not find a significant

association between apprehension with tolerance (P = 0.51) [4]. A study of 148 participants

suggested that nervousness (P = 0.02) before endoscopy was significantly associated with

adverse endoscopic experience (defined as a score of� 5 on the postprocedure overall level of

satisfaction (evaluated with a 10-points scale) or the willingness to repeat endoscopy) in

patients undergoing non-advanced endoscopic procedures with conscious sedation[8]. How-

ever, in the study by Abraham et al[6], high anxiety (OR 0.49, 95% CI 0.30 to 0.81) was associ-

ated with a less comfortable examination in the univariate analyses but there was no

association after the adjustment for confounders. A study of 300 Iranians showed that self-

reported EGD tolerance during and after an EGD procedure did not correlate with fear or anx-

iety about the procedure[10]. Possible explanations for these inconsistent results included 1)

different adjustments for confounding factors, 2) different cultural and acceptance of unse-

dated EGD in patients from different countries, and 3) different patient characteristics such as

age, sex, and prior endoscopy experience.

This is the first study evaluating the non-linear relationship between pre-endoscopy anxiety

with adverse endoscopic experiences in Chinese patients undergoing unsedated EGD. The

strengths of this study included the prospective hospital-based study design, subgroup analyses

by various factors, and stable sensitivity analyses.

Our study has limitations. First, despite our best efforts to adjust for established and poten-

tial risk factors, residual confounding by other unmeasured or unknown factors remains possi-

ble. Second, we were unable to evaluate the effect by risk ratio, which is easier for

interpretation, since the data failed to converge to the maximum likelihood estimate even with

the expectation–maximization algorithm[22].ORs in this study could not be used to directly
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estimate risk ratios as the outcome rates are high. Third, we were unable to develop a predic-

tion model due to insufficient sample size. Nevertheless, a study to develop such model specific

for Chinese patients is ongoing in our center. Last, we did not specify the reasons for EGD,

which was likely to influence the pre-endoscopy anxiety level and confound the association

between pre-endoscopy anxiety and panic/fear during endoscopy. Anxiety is the exposure in

this study and we have specified that the anxiety we evaluated was about the procedure.

Though we cannot rule out the confounding effect for panic/fear during endoscopy, the con-

clusion was unlikely to be altered due to the large effect size, clear dose-response relationship,

and the consistency with other endpoints which were unlikely to be influenced by reasons of

EGD, such as discomfort and tolerance.

Our findings have important implications on clinical practice and future research. First,

this study suggested that high level of pre-endoscopy anxiety may be considered as an indica-

tion for sedation in Chinese population. A number of studies have established the role of anxi-

ety as a predictor of selecting patient undertaking EGD with sedation in Spaniards[7],

Americans[8], and Britons[4]. Such method may also be applied for Chinese patients although

further research is required to develop a valid model adapting to this population. In addition,

our study supports appropriate management of anxiety before endoscopy to alleviate discom-

fort and improve tolerance. Potentially effective interventions include oral midazolam[23],

music[24], and written educational material[25]. Further research is needed to evaluate the

effectiveness of these interventions in Chinese patients.

In conclusion, this study suggested that the anxiety level before EGD was independently

associated with discomfort, tolerance, and panic/fear during endoscopy in Chinese patients

undergoing standard unsedated EGD. When the duration of endoscopy procedure was� 5

minutes or a relatively larger diameter endoscope (9.8–9.9 mm) was used, pre-endoscopy anxi-

ety was also associated with a significantly lower rate of willingness to repeat unsedated endos-

copy in the future.
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