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Introduction
Ulcerative colitis (UC) has emerged as a public 
health challenge worldwide in the past decade,1 
with the highest prevalence of UC being 505 per 
100,000 reported in Norway.2 The main clinical 
presentations of UC include bloody mucus in 
stool, diarrhea, and abdominal pain. While the 
majority of patients with UC have a mild-to-mod-
erate course, approximately 10−15% of patients 
suffer from a severe disease course.3 Therapies 
include the administration of 5-aminosalicylic 
acid, corticosteroids, immunosuppressants, and 
biologics. Some of them have many adverse 
effects, including infections, malignancy, liver 
toxicity, myelosuppression et cetera, and some of 

these are quite expensive.4–6 Although patients 
can be rescued by surgery, it has a 5% post-oper-
ative mortality risk when emergency surgery is 
performed.7 Thus, new strategies with fewer 
adverse effects and lower costs are needed.

Hyperbaric oxygenation therapy (HBOT) is a 
type of treatment in which people breathe 100% 
oxygen under a pressure two or three times higher 
than normal atmospheric pressure at sea level. 
This therapy increases the oxygen dissolved in 
blood and causes hyper oxygenation in tissues, 
which can bring about physiological and bio-
chemical effects.8 HBOT has been widely used as 
a treatment in several diseases such as diabetic 
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foot ulcers, radiation tissue injury, and chronic 
wounds.8–10

Several studies have reported the use of HBOT in 
the treatment of inflammatory bowel disease; 
however, most of them are case reports. Whether 
HBOT has a definitive therapeutic effect in 
patients with UC remains controversial. Recently, 
several high-quality randomized controlled trials 
(RCTs) have been published. This meta-analysis 
was conducted to examine the efficacy of HBOT 
in UC based on RCTs and provide evidence for 
the clinical use of HBOT in UC patients.

Methods

Search strategy and selection criteria
This meta-analysis is reported in accordance with 
the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses statement.11 We con-
ducted this comprehensive study by searching up 
to September 2020 the online databases of Embase, 
Cochrane Library, PubMed, China National 
Knowledge Infrastructure, WanFang and VIP. 
Manuscripts written in English and Chinese were 
included. The following search strategy combining 
free-text words and MeSH terms was applied in 
PubMed: (colitis ulcerative[Mesh terms] or 
Idiopathic Proctocolitis[Title/Abstract] or 
Ulcerative Colitis[Title/Abstract] or Colitis 
Gravis[Title/Abstract] or Inflammatory Bowel 
Disease, Ulcerative Colitis Type[Title/Abstract]) 
and (Hyperbaric Oxygenation[Mesh terms] or 
Hyperbaric Oxygenations[Title/Abstract] or Oxy-
genations, Hyperbaric[Title/Abstract] or Hyper-
baric Oxygen Therapy[Title/Abstract] or 
Hyperbaric Oxygen Therapies[Title/Abstract] or 
Oxygen Therapies, Hyperbaric[Title/Abstract]  
or Oxygen Therapy, Hyperbaric[Title/Abstract] or  
Therapies, Hyperbaric Oxygen[Title/Abstract]  
or Therapy, Hyperbaric Oxygen[Title/Abstract] or 
Oxygenation, Hyperbaric[Title/Abstract]). The 
most recent or most complete study was chosen 
when several publications reported findings for the 
same patients. The searching strategy in other data-
bases is introduced in the supplemental material.

Inclusion and exclusion criteria
The following inclusion criteria were used: 1) the 
study was a randomized controlled trial; 2) study 
in which patients were diagnosed with UC; 3) 
study in which hyperbaric oxygenation was used 

in the intervention group; and 4) at least one out-
come was reported in the study.

The following exclusion criteria were used: 1) 
observational studies, retrospective studies, 
reviews, case reports, letters, animal trials, and 
meeting abstracts; 2) studies without full text 
available or sufficient data for calculation; and 3) 
studies in which patients were not treated with 
standard therapy recommended in guidelines, 
such as Chinese herb intake.

Literature search and selection were conducted 
by two independent investigators (Pingrun Chen 
and Yina Li). Any disagreement was resolved by 
discussion until a consensus was reached.

Data extraction
We extracted the following data: name of the first 
author, publication year, country, total number of 
participants, age, sex, treatments, trial duration, 
clinical outcomes, and adverse events. The pri-
mary clinical outcome was clinical remission, and 
the secondary outcomes included clinical 
response, disease activity scores, and laboratory 
test results. Clinical remission or response was iden-
tified by the respective article authors (Table 1). 
Disease activity scores were used to evaluate the 
severity of UC, and were identified by the article 
author. Results of laboratory tests included 
changes in the serum levels of tumor necrosis 
factor-α (TNF-α), interleukin (IL)-6, IL-10, and 
superoxide dismutase (SOD). For the article that 
reported several outcomes based on different time 
points, we extracted data at only the longest time 
point. Adverse effects were also evaluated if men-
tioned by the authors. Two reviewers (Pingrun 
Chen and Yina Li) independently completed this 
period. Cochrane risk of bias tool was used to 
assess the risk of bias for each study based on six 
bias domains.12

Statistical analysis
RevMan 5.4.1 and Stata 12.1 software packages 
were used for the analysis. Discontinuous out-
comes including clinical remission and clinical 
response were characterized by the risk ratio (RR) 
and 95% confidence interval (CI). Continuous 
data, including disease activity scores and labora-
tory test results, were characterized by weighted 
mean difference (WMD), standardized mean dif-
ference (SMD), and 95% CI. Cochrane Q and I2 
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Table 1. Characteristics of the included studies.

Study Location Number Men (%) Mean age (years) Inclusion and exclusion criteria

Liang13 China 30 50 37.8 Inclusion criteria: UC patients; exclusion criteria: 
NA.

Shen14 China 25 68 34.6 Inclusion criteria: UC patients; exclusion criteria: 
NA.

Xu15 China 36 33.3 31 Inclusion criteria: UC patients; exclusion criteria: 
NA. The author described that included patients all 
had abdominal pain, diarrhea.

Wang16 China 70 52.8 32.9 Inclusion criteria: UC patients; exclusion criteria: 
NA.

Yin17 China 94 NA NA Inclusion criteria: UC patients; exclusion criteria: 
NA.

Nie18 China 138 NA NA Inclusion criteria: UC patients; exclusion criteria: 
NA.

Wang19 China 60 33.3 31 Inclusion criteria: UC patients; exclusion criteria: 
NA. The author described that included patients all 
had abdominal pain, diarrhea.

Zhan and Peng20 China 30 NA NA Inclusion criteria: UC patients; exclusion criteria: 
NA.

Huang and Cao21 China 78 52.6 39.6 Inclusion criteria: UC patients, 20−65 years old; 
exclusion criteria: accompanied by other severe 
diseases or infectious enteritis, pregnancy, lactation, 
treated with drugs other than mesalazine one month 
before study.

Dulai et al.22 USA 18 50 47 (median, 
intervention  
group), 31  
(median,  
control group)

Inclusion criteria: UC patients, 18 years or older, 
moderate to severe UC flare (full Mayo score ⩾6, 
AND Mayo endoscopic sub-score of 2 or 3), high risk 
of failing intravenous steroids and needing second-
line therapy during hospitalization; exclusion 
criteria: requiring urgent surgical intervention, 
HBOT contraindications, intravenous steroids  >48 h 
prior to study

Zhong et al.23 China 50 56 41.7 Inclusion criteria: UC patients, 18−65 years old, 
without immunosuppressants or corticosteroids 
one month prior to study; exclusion criteria: 
accompanied by other immune disease, other severe 
diseases, intestinal infection or tumor, allergic 
to mesalazine, psychiatric disease, pregnancy, 
lactation

Dulai et al.24 USA 11 50 (total  
20 patients)

37 (total  
20 patients)

Inclusion criteria: UC patients, 18 years or older, 
moderate to severe UC flare (full Mayo score ⩾6, 
AND Mayo endoscopic sub-score of 2 or 3), high risk 
of failing intravenous steroids and needing second-
line therapy during hospitalization; exclusion 
criteria: requiring urgent surgical intervention, 
contraindication or intolerance to steroid use or 
any medical condition, HBOT contraindications, 
intravenous steroids  >48 h prior to study

Wang and Ma25 China 140 47.9 40.1 Inclusion criteria: UC patients; exclusion criteria: 
accompanied by infectious diarrhea or other severe 
diseases, treated with corticosteroids, lactation, 
pregnancy

HBOT, hyperbaric oxygenation therapy; NA, not accessible; UC, ulcerative colitis.
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statistics were calculated to assess the heterogene-
ity between studies. When significant heterogene-
ity was observed (p < 0.01 and/or I2>50%), we 
used a random-effect model; otherwise, the fixed-
effect model was applied. We also conducted sen-
sitivity analyses to check the stability of the pooled 
results. Publication bias was assessed by a funnel 
plot using the Begg and Egger tests, and signifi-
cant publication bias was defined as a 
p-value < 0.05. The trim-and-fill method was 
applied to estimate the corrected effect size after 
adjustment for publication bias when it was 
observed. A two-sided p-value < 0.05 denoted a 
statistical difference.

Result

Literature search and selection
As shown in Figure 1, 283 articles were recorded 
from databases using the method mentioned 
above. After removing 68 duplicated records, 215 
studies were further screened on the basis of title 
and abstract. Thirteen studies were finally 
included for statistical analysis.13–25

Characteristics of the articles
All included studies were RCTs. A total of 780 
patients were included with 397 patients in the 
intervention group (Tables 1 and 2). The sample 
sizes ranged from 11 to 140 among these studies. 
Two studies included patients with moderate to 

severe flares, while the others included patients 
without restriction on disease flares. Twelve stud-
ies reported the primary and secondary outcomes 
(clinical response), and only three studies reported 
disease activity scores (two studies using partial 
Mayo scores and one study using DAI according 
to Sutherland and Martin).26 Results of inflam-
matory cytokines (TNF-α, IL-6, IL-10, and 
SOD) were less reported. Only four studies 
reported changes in TNF-α levels: two reported 
changes in IL-10 and SOD and two studies 
reported changes in IL-6 levels. The intervention 
method was HBOT combined with standard con-
ventional therapy in all studies, and the control 
method was conventional therapy, except for two 
studies hosted by Dulai et al.22,24 In these two 
studies, one study used a sham HBOT therapy 
combined with conventional therapy as a control 
protocol.22 Another study reported by Dulai com-
pared the possible effects of different sessions of 
HBOT on UC. In the latter, all 20 enrolled 
patients received HBOT combined with standard 
therapy, and 11 patients underwent randomiza-
tion to receive different sessions of HBOT (5-day 
treatment vs. 3-day treatment).24 The percentage 
of males and the age of participants in this study 
are listed in Table 1, representing all enrolled 20 
patients.

This meta-analysis included some Chinese arti-
cles. Zhong et al.23 included UC patients who did 
not take corticosteroids or immunosuppressants 
one month before the trial and the age of these 

Figure 1. Flow diagram of literature review.
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Table 2. Intervention methods, control methods, and outcomes of included trials.

Study Intervention group Outcomes and definition Outcomes and definitions Evaluation 
timepoints

Style Sessions of 
HBOT

Patients 
enrolled

Style Patients 
enrolled

Liang13 HBOT + ST 24 15 (seven 
mild, eight 
moderate)

ST 15 (eight 
mild, seven 
moderate)

Clinical remission (defined 
as disappearance of clinical 
symptoms, no positive findings 
under endoscopy), clinical response 
(defined as basically disappearance of 
clinical symptoms, mild inflammation 
under endoscopy)

Before and after 
treatment

Shen14 HBOT + ST 20−30 Eight 
(three 
mild, four 
moderate, 
one 
severe)

ST 17 (six 
mild, 10 
moderate, 
one severe)

Clinical remission (defined 
as disappearance of clinical 
symptoms, no positive findings 
under endoscopy), clinical response 
(defined as basically disappearance of 
clinical symptoms, mild inflammation 
under endoscopy)

Before and after 
treatment

Xu15 HBOT + ST 36 21 ST 15 Clinical remission (defined 
as disappearance of clinical 
symptoms, no positive findings 
under endoscopy), clinical response 
(defined as basically disappearance of 
clinical symptoms, mild inflammation 
under endoscopy), disease activity 
score (measured using DAI according 
to Sutherland and Martin26)

Before and after 
treatment

Wang16 HBOT + ST 30 36 ST 34 Clinical remission (defined 
as disappearance of clinical 
symptoms, no positive findings 
under endoscopy), clinical response 
(defined as improvement of clinical 
symptoms and endoscopic findings)

Before and after 
treatment

Yin17 HBOT + ST 28 48 ST 46 Clinical remission (defined as 
disappearance of clinical symptoms, 
daily stool frequencies lower than 
twice, no red or white cells in feces, 
no positive findings under endoscopy), 
clinical response (defined as basically 
disappearance of clinical symptoms, 
daily stool frequencies lower than 
four times, fecal red or white cells 
lower than 10 under high power lens, 
mild inflammation under endoscopy), 
results of laboratory test (TNF-α, 
IL-6)

Before and after 
treatment

Nie18 HBOT + ST 28 73 ST 65 Clinical remission (defined as 
disappearance of clinical symptoms, 
daily stool frequencies lower than 
twice, no red or white cells in 
feces, no positive findings under 
endoscopy), clinical response 
(defined as basically disappearance 
of clinical symptoms, daily stool 
frequencies lower than four times, 
fecal red or white cells lower than 
10 under high power lens, mild 
inflammation under endoscopy), 
expression of cytokines (TNF-α, IL-6)

Before and after 
treatment

(continued)

https://journals.sagepub.com/home/tag


Therapeutic Advances in Gastroenterology 14

6 journals.sagepub.com/home/tag

Study Intervention group Outcomes and definition Outcomes and definitions Evaluation 
timepoints

Style Sessions of 
HBOT

Patients 
enrolled

Style Patients 
enrolled

Wang19 HBOT + ST 40 30 ST 30 Clinical remission (defined 
as disappearance of clinical 
symptoms, no positive findings 
under endoscopy), clinical response 
(defined as improvement of clinical 
symptoms and endoscopic findings)

Before and after 
treatment

Zhan and 
Peng20

HBOT + ST 30 15 ST 15 Clinical remission (defined 
as disappearance of clinical 
symptoms, no positive findings 
under endoscopy), clinical response 
(defined as improvement of clinical 
symptoms and endoscopic findings)

Before and after 
treatment

Huang and 
Cao21

HBOT + ST 28 40 ST 38 Clinical remission (defined as 
disappearance of clinical symptoms, 
no positive findings under endoscopy), 
clinical response (defined as no 
abdominal pain, no loose stool with 
daily frequencies between two to 
four times, mild inflammation under 
endoscopy), expression of cytokines 
(TNF-α, IL-10, SOD)

Before and after 
treatment

Dulai  
et al.22

HBOT + ST 10 10 Sham 
HBOT + ST

8 Clinical remission (defined as a 
partial Mayo score of ⩽2 points with 
no individual sub-score exceeding 
one point), clinical response (defined 
as a decrease in partial Mayo score 
of ⩾2 points with an absolute rectal 
bleeding sub-score of 0 or 1), disease 
activity score (measured using partial 
Mayo score)

Before 
treatment, and 
day 3, day 5, 
day 10 during 
treatment

Zhong  
et al.23

HBOT + ST 28 25 ST 25 Clinical remission (defined as 
disappearance of clinical symptoms, 
no positive findings under endoscopy), 
clinical response (defined as no 
abdominal pain, no loose stool with 
daily frequencies between two to 
four times, mild inflammation under 
endoscopy), expression of cytokines 
(TNF-α, IL-10, SOD)

Before and after 
treatment

Dulai  
et al.24

HBOT (five 
sessions) 
 + ST

5 6 HBOT (three 
sessions) 
 + ST

5 Disease activity score (measured 
using partial Mayo score)

Before 
treatment, and 
day 3, day 5, 
day 10 during 
treatment

Wang and 
Ma25

HBOT + ST 60 70 ST 70 Clinical remission (defined as 
disappearance of clinical symptoms, 
normal routine stool examination, no 
positive findings under endoscopy), 
clinical response (defined as basically 
disappearance of clinical symptoms, 
stool white blood cells 0–2 under 
high power lens, stool red blood cell 
0–2 under high power lens, mild 
inflammation under endoscopy)

Before and after 
treatment

DAI, disease activity index; HBOT, hyperbaric oxygenation therapy; SOD, superoxide dismutase; ST, standard therapy.

Table 2. (continued)
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patients was restricted to between 18 and 65 years 
of age. They excluded patients who had other 
comorbidities such as immune disease, endocrine 
disease, intestinal infection, or tumor. Those who 
were allergic to treatment drugs or were pregnant 
were also excluded. Wang and Ma25 excluded 
patients who were pregnant, and were treated 
with corticosteroids or accompanied by infectious 
diarrhea or other severe diseases. Other Chinese 
studies did not show clear exclusion criteria. 
Although these Chinese studies did not describe 
the exact requirement of disease flares, some 
studies have provided detailed data about the dis-
ease severity of their enrolled patients. For exam-
ple, Liang13 included 15 patients (seven patients 
in the intervention group) with mild disease and 
15 patients (eight patients in the intervention 
group) with moderate disease. Shen14 included 
nine patients (three patients in the intervention 
group) with mild disease, 14 patients (four 
patients in the intervention group) with moderate 
disease, and two patients (one patient in the inter-
vention group) with severe disease. Some of the 
other studies roughly described patients’ symp-
toms, for example, Xu15 included patients with 
loose stools or bloody diarrhea 2−3 times a day, 
and some patients could reach 10 times a day 
(Table 1). Most Chinese studies evaluated out-
comes including endoscopy before and after the 
treatment, while Dulai et al.22 set three time points 
during the trial (day 3, day 5, day 10) (Table 2).

Meta-analysis findings
The intervention groups were superior to the con-
trol groups in the induction of clinical remission 
(RR=1.62; 95% CI 1.42 to 1.84; p < 0.001; 
I2=33%) and clinical response (RR=1.29; 95% CI 
1.21 to 1.38; p < 0.001; I2=0%). Furthermore, the 
intervention groups had significantly lower disease 
activity scores than the control groups (SMD= 
−1.19; 95% CI −1.74 to −0.65; p < 0.001; I2=0%) 
(Figure 2). Comparing two studies reporting par-
tial Mayo scores, intervention groups also had 
lower scores than the control groups (WMD= 
−2.99; 95% CI −4.31 to −1.67; p < 0.00001; 
I2=0%). Changes in disease activity scores before 
and after the treatment were also evaluated, and 
these indicated that disease activity scores of the 
intervention groups dropped more significantly 
than those of the control groups (SMD= −1.21; 
95% CI= −1.80 to −0.62; p < 0.001; I2=0%). 
Comparing the level of cytokines, HBOT combi-
nation therapy significantly decreased the levels of 

serum TNF-α (SMD= −1.96; 95% CI −2.50 to 
−1.41; p < 0.001; I2=77%) and IL-6 (SMD= 
−2.49; 95% CI −2.84 to −2.15; p < 0.001; 
I2=0%), and increased the levels of serum IL-10 
(SMD=2.40; 95% CI 0.68 to 4.12; p = 0.006; 
I2=93%). However, the changes in SOD were not 
significant (SMD=1.75; 95% CI −0.30 to 3.80; 
p = 0.09; I2=96%) (Figure 2).

Risk of bias
All included studies underwent an evaluation of 
the risk of bias. The summary of the risk of bias is 
presented in Figure 3.

Publication bias and sensitivity analysis
We also conducted a sensitivity analysis for clini-
cal remission and response. We omitted each 
study in sequence to determine whether doing so 
had significant influence on the outcomes. No 
relative change was observed after the removal of 
each study (Figure 4). Publication bias was found 
based on the Begg and Egger tests (clinical remis-
sion: p = 0.002; clinical response: p < 0.001). 
Further analysis using trim-and-fill was con-
ducted. Adjusted pooled estimates still indicated 
the superiority of HBOT combination therapy in 
reaching clinical response (adjusted RR=1.226; 
95% CI 1.152 to 1.305; p < 0.001) and clinical 
remission (adjusted RR=1.411; 95% CI 1.253 to 
1.590; p < 0.001) (Figure 5).

Adverse effect
Regarding safety, no serious adverse effects were 
reported in the included studies. One patient 
enrolled in the study hosted by Dulai et al.22 devel-
oped headache during HBOT treatment. However, 
it was later proved to be related to the use of mesa-
lamine. Liang13 reported that some patients felt 
discomfort in their ears, which could be relieved by 
swallowing. No patient developed claustrophobia 
or psychological intolerance, vision changes, sei-
zures, or other evidence of oxygen toxicity.

Meta-analysis with applicable data
We conducted another meta-analysis based on all 
applicable data from the RCTs we searched, includ-
ing those that had been excluded. Another four 
studies were enrolled in this meta-analysis, and the 
results showed that patients who underwent HBOT 
combination therapy performed better in reaching 
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Figure 2. (continued)
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clinical remission (RR=1.61; 95% CI 1.44 to 1.80; 
p < 0.001; I2=25%) and clinical response (RR=1.27; 
95% CI 1.20 to 1.34; p < 0.001; I2=2%) (Figure 6).

The reasons for excluding these four studies var-
ied. For example, Xia27 described the superiority 
of HBOT combined with Shenlingbaishu powder 
compared with sulfasalazine, with a response rate 
of 93.3% in the intervention group and 73.3% in 
the control group. We excluded this research 
because Chinese herbs are not included in con-
ventional drugs. Li and Zhu28 enrolled 80 patients 
with UC, and evaluated outcomes every week 
during the therapy, but did not clearly explain the 
definitions of outcomes.

Discussion
Our results demonstrated that, compared with 
conventional therapy, hyperbaric oxygen therapy 
combined with standard treatment was more 

effective in achieving clinical remission and 
response, with lower disease activity scores, and 
significantly reduced serum levels of TNF-α and 
IL-6 and elevated IL-10 levels.

No significant heterogeneity was detected among 
clinical remission, clinical response, disease activ-
ity scores, or changes in the serum level of IL-6. 
Significant heterogeneity was observed when 
comparing the changes in TNF-α and IL-10 lev-
els. Sensitivity analysis was performed, and no 
obvious changes in our estimates were found, 
which indicated the robustness of our results. 
Publication bias was found in clinical remission 
and response, but it was proved to have no influ-
ence by trim-and-fill method.

Although many case reports have demonstrated 
the effectiveness of HBOT, it remains controver-
sial whether HBOT is suitable for UC. Pagoldh  
et al.29 reported no superiority of HBOT 

Figure 2. Forest plots. (a) Clinical remission. (b) Clinical response. (c) Disease activity scores. (d) Partial Mayo 
scores. (e) Changes in disease activity scores. (f) Changes in serum TNF-α level. (g) Changes in serum IL-6 
level. (h) Changes in serum IL-10 level. (i) Changes in serum superoxide dismutase level.
CI, confidence interval; IV, inverse variance; M-H, Mantel-Haenszel; Std., standardized.

Figure 2. (continued)
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Figure 3. Risk bias of included studies using Cochrane risk of bias tool.
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combination therapy compared with standard 
treatment, which is inconsistent with our results. 
There may be several reasons to explain the dif-
ferent conclusions. First, although it was a RCT, 
this study was open-label, without blinding and 
allocation concealment, which may result in a 
high risk of bias. Second, only four patients com-
pleted the HBOT protocol, indicating that the 
effectiveness may not be estimated correctly 
owing to the small sample size. We excluded this 
study because of insufficient data for analysis. On 
the contrary, the studies included in our analysis 

that reported clinical remission and response 
enrolled more patients and had more detailed 
data. To avoid placebo effect, Dulai et al.22 even 
used a sham control protocol in which patients 
breathed room air (21% oxygen) under a pressure 
of 1.2 ATA. This high-quality study demon-
strated that HBOT is well tolerated and effective 
for UC patients.

In this study, we included articles in Chinese. 
Meta-analysis serves as a statistical method, 
which can combine the results from different 

Figure 4. Sensitivity analysis. (a) Analysis for clinical remission. (b) Analysis for clinical response.
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studies but of a similar topic. It was based on 
fully incorporating relevant researches. Since we 
have a good understanding of only English and 
Chinese, the languages of the studies are 
restricted to English and Chinese. And unex-
pectedly, we found more trials published in 
Chinese than in English. We selected the search-
ing results according to our inclusion and exclu-
sion criteria, which were established at the 
beginning. All the included studies must have at 
least one outcome, and they must have available 
full texts and the patients treated with standard 
therapy according to the guidelines. The defini-
tions of the outcomes should be listed in the arti-
cle, and the exact sessions of hyperbaric oxygen 
therapy are also needed. And based on these 
strategies, we did our research. We have to admit 
that some of the Chinese researches provided lit-
tle data on the selection of patients, especially 

those which were published several years ago. 
And some data which may have a great influence 
on the result were also less reported, such as dis-
ease flares. This is one of the limitations of our 
research.

HBOT has been widely used to treat chronic 
wounds and diabetic foot ulcers. Several possible 
mechanisms may explain the effects of HBOT. It 
promotes wound healing by increasing oxygen 
delivery to the hypoxic tissues. Dhamodharan  
et al.30 reported that HBOT can induce angiogen-
esis in the tissue, which was demonstrated by the 
significantly increased expression of angiogenesis 
markers such as EGF, VEGF, PDGF, FGF-2, 
and CXCL10. Other studies also demonstrated 
that HBOT can suppress the expression of pro-
inflammatory cytokines including IL-1, IL-6, and 
TNF-α, and stimulate the expression of 

Figure 5. Publication bias and trim-and-fill method. (a) Publication bias for clinical remission. (b) Trim-and-fill method for clinical 
remission. (c) Publication bias for clinical response. (d) Trim-and-fill method for clinical response.
CI, confidence interval.
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anti-inflammatory cytokines such as IL-10.31−34 
Our results were consistent with these findings.

To the best of our knowledge, this is the first 
meta-analysis to evaluate the validity of HBOT in 
the treatment of UC. We demonstrated a supe-
rior effect of HBOT combination therapy in the 
treatment of UC. There was no significant heter-
ogeneity between the studies for clinical remis-
sion and response. Our study has several 
limitations. First, the sample size was small in 
most of the included studies, and the number of 
enrolled studies for meta-analysis may not be 

large enough for sufficiently evaluating the valid-
ity of HBOT combination therapy. In addition, 
only 2–4 studies reported the laboratory results, 
and thus the cogency of the results may be lim-
ited. We do think high-quality RCTs are under 
urgent demand. Second, some of the studies had 
high or unclear risk of randomization and blind-
ing. Third, publication bias of clinical remission 
was observed, which may indicate that some 
studies remained hypothetically unpublished. 
Although publication bias was detected, it did not 
influence our results after the trim-and-fill 
method. Fourth, the baseline and control 

Figure 6. Meta-analysis with all applicable data. (a) Forest plot for clinical remission. (b) Forest plot for clinical 
response.
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strategies differed between studies. The study 
hosted by Dulai et al.22 enrolled UC patients with 
moderate-to-severe flares and used a sham con-
trol method. However, other researchers used 
traditional drugs such as mesalazine as a control 
method. Some studies enrolled patients without 
restrictions on disease severity. And still, some 
questions need to be answered. For example, it 
remains unclear whether different sessions of 
HBOT may show different treatment effects and 
how many sessions of HBOT should be recom-
mended for the treatment of UC with respect to 
disease severity. Therefore, more high-quality 
RCTs are required.

Conclusion
In the present study, we demonstrated that 
HBOT combined with standard therapy improved 
outcomes in UC patients, including clinical 
remission, clinical response, disease severity 
scores, and laboratory test results, compared with 
standard therapy alone. In conclusion, HBOT 
could serve as a complementary treatment in 
patients with UC.
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