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Background: The diagnostic value of linked color imaging based on endoscopy for gastric intestinal 
metaplasia has shown variable results. Therefore, this meta-analysis sought to systematically evaluate the 
value of linked color imaging (LCI) based on the blue laser endoscopy system for the diagnosis of gastric 
intestinal metaplasia (GIM).
Methods: Literature searches were conducted of electronic databases including PubMed, Embase, the 
Cochrane Library, and Web of Science to screen diagnostic tests of LCI. The random-effects model was 
adopted to calculate the diagnostic efficacy of LCI for GIM. Meta-DiSc 1.40 software was applied for the 
calculation of sensitivity, specificity, and likelihood ratios; symmetric receiver operator characteristic (SROC) 
curves were drawn, and the areas under the SROC curves (AUCs) were computed. Quality of the included 
studies was chosen to assess using the quality assessment of diagnostic accuracy studies-2 (QUADAS-2) tool.
Results: Six original studies involving 700 participants were included in the meta-analysis. The pooled 
sensitivity, specificity, positive likelihood ratio, and negative likelihood ratio of LCI for diagnosing GIM were 
0.87 (0.83–0.91), 0.86 (0.82–0.89), 5.72 (3.63–8.99), and 0.17 (0.08–0.36), respectively. SROC curve analysis 
showed that the AUC value was 0.9283.
Discussion: Our study shows that LCI can be used for the accurate diagnosis of GIM. Considering 
weaknesses of available studies in terms of design, further studies with rigorous design are in need for further 
validating the findings of this meta-analysis.
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Introduction

Gastric intestinal metaplasia (GIM) is considered to be a 
precursor to the development of dysplasia and intestinal 
gastric adenocarcinoma. Multiple studies have described 
GIM as an independent risk factor for gastric cancer  
(1-4). Currently, the diagnosis of GIM mainly depends on 
the histological study of biopsy specimens. As GIM typically 
originates in flat mucosa and results in few morphological 
changes, the ability of white light endoscopy to detect it is 
limited. Narrow-band imaging (NBI), an image-enhanced 
endoscopic method, has increased the detection rate of 
GIM (5-10). However, clear diagnostic criteria have yet to 
be established, which brings difficulties for clinical doctors 
in identifying GIM lesions. 

LASEREO, a blue laser endoscope system officially 
launched by FUJIFILM Corporation (Tokyo, Japan) in 
2012, uses a laser light source to render brighter and 
clearer endoscopic images with more identifiable layers 
(11,12). The linked color imaging (LCI) mode of this 
system can facilitate special processing of images to 
obtain greater color contrast (13), which is conducive 
to the identification of lesions, thereby improving the 
efficiency of targeted biopsy of suspicious lesions and, 
consequently, the accuracy of GIM diagnosis. In recent 
years, prospective studies have explored the effectiveness 
of LCI for the diagnosis of GIM. In the present study, we 
aimed to evaluate the value of LCI for the diagnosis of 
GIM and provide medical evidence supporting the clinical 
application of LCI by conducting a meta-analysis of LCI-
related literature. We present the following article in 
accordance with the PRISMA reporting checklist (available 
at http://dx.doi.org/10.21037/atm-21-1051).

Methods

Search strategy

Online searches were conducted of electronic databases 
including PubMed, Embase, the Cochrane Library, and 
Web of Science. The search time was set from database 
establishment to February 7, 2021. Manual searches were 
also performed to identify articles of potential interest 
from the references of retrieved studies. In terms of the 
search strategy, we combined theme words with free words 
and divided the topics of the studies into 3 aspects: the 
target disease, the tests to be evaluated, and diagnostic 
accuracy indexes. The search terms included “Metaplasia” 

and “Linked color imaging” as well as their corresponding 
abbreviations. The language was restricted to English. 
Specific details of the search strategies are described in the 
Supplementary Materials (Appendix 1).

Inclusion and exclusion criteria

The inclusion criteria for studies were as follows: (I) sufficient 
information was provided to enable the establishment of 
a 2×2 table to determine the number of false positive, true 
positive, false negative, and true negative cases; (II) the 
diagnostic test to be evaluated was LCI examination, with the 
golden criterion being that pathological biopsy could confirm 
the existence of GIM; and (III) English was the publication 
language. There were no restrictions in terms of the age or 
sex of study participants, or sample size.

The exclusion criteria were as follows: (I) duplicated 
data sources; (II) study participants had clear risk factors or 
had already been diagnosed with GIM; (III) the diagnostic 
tests applied did not meet the golden criterion as the means 
of diagnosis; and (IV) complete 4-table data could not be 
extracted. Literature reviews, letters, meeting abstracts, case 
reports, and animal studies were also excluded.

Literature screening and data extraction

X Shu and G Wu screened the retrieved literature and 
extracted relevant data according to preset inclusion and 
exclusion criteria. Any disagreements that arose were 
resolved through discussions with a 3rd author. Data 
extracted from each study mainly included the following 
information: first author, publishing year, country, study 
design, object of research, sample size, screening methods, 
and test parameters (true positive, false positive, false 
negative, and true negative).

Risk-of-bias assessment in the included studies

The QUADAS-2 scale, a quality assessment tool for 
diagnostic tests, was chosen to assess the risk of bias (14). 
The scale comprises 2 parts: assessment of risk of bias and 
applicability. The risk-of-bias assessment is composed of 
4 aspects: case selection, tests to be evaluated, the golden 
criterion as well as case flow and progress. The applicability 
assessment covers 3 aspects: case selection, tests to be 
evaluated, and the golden criterion. In each aspect, the risk 
of bias was classified as “high”, “low”, or “unclear”.

http://dx.doi.org/10.21037/atm-21-1051
https://cdn.amegroups.cn/static/public/ATM-21-1051-Supplementary.pdf
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Data integration and statistical analysis

Heterogeneity in diagnostic tests often results from 
threshold effects and non-threshold effects. First, to judge 
whether there was heterogeneity caused by threshold effects, 
the Spearman’s correlation coefficient was calculated. If 
P<0.05, threshold effects were considered to exist and 
the data were not integrated. Statistical heterogeneity 
was evaluated using the χ2 test and I2 statistics. The value 
range of I2 was 0% (no heterogeneity) to 100% (maximum 
level of heterogeneity). If I2>50%, a significant level of 
heterogeneity was considered to exist. The DerSimonian 
and Laird random-effects method was selected for data 
integration and the pooled sensitivity, specificity, likelihood 
ratio, and diagnostic odds ratio (DOR) as well as the 
corresponding 95% confidence intervals (CIs) based on per-
patient were computed. A statistically significant difference 
was indicated by P<0.05. As there were fewer than  
10 studies included in the meta-analysis, publication bias 
testing and meta-regression analysis were not performed to 
analyze heterogeneity triggered by non-threshold effects. 
Sensitivity analysis was carried out to evaluate the stability 
of the results. Revman (version 5.3) and Meta-DiSc (version 
1.40) were used to perform the statistical analyses. 

Results

Results of literature screening and bias risk assessment

The initial search yielded 123 articles including 28 in 

PubMed, 54 in Embase, 5 in the Cochrane Library, and 36 
in Web of Science. After the completion of title and abstract 
screening and full-text reading, 7 research articles (15-21) 
and 1 conference abstract (22) were selected. However, 
Fukuda et al.’s (21) study did not report the number of 
subjects (16); instead, the analysis was conducted according 
to the number of lesions. Furthermore, in Min et al.’s (19) 
and Ono et al.’s (20) studies, analyses were also based on the 
number of lesions. The Spearman’s correlation coefficient 
was calculated, and suggested significant threshold effects 
in the results of the above studies; consequently, Min et 
al.’s (19), Ono et al.’s (20) and Fukuda et al.’s (21) trials were 
excluded from our meta-analysis. Because the quality of 
conference literature could not be evaluated, the literature 
of this category was only included for sensitivity analysis. 
Ultimately, 6 original studies involving 700 participants were 
included. The specific literature screening process and the 
baseline status of the included studies are detailed in Figure 1  
and Table 1, respectively. The results of bias evaluation are 
shown in Figure 2.

Heterogeneity testing

By calculating the Spearman’s correlation coefficient 
between the logarithm of sensitivity and the logarithm of 
(1-specificity), we arrived at P=0.544, indicating the absence 
of a threshold effect. The pooled DOR, Cochran-Q, 
degree of freedom (df), and I2 value were 38.21, 12.75, 5 
(P=0.00258), and 60.8%, respectively. The above results 

123 records identified from databases:
• PubMed (n=28) 
• IEmbase (n=54)
• Web of Science (n=36)
• Cochrane libraray (n=5) 

53 records excluded based on title and abstract77 records after 46 duplicates removed

16 of studies excluded for reasons:
• Evaluating LCI for Barrett’s Esophagus (n=1)
• Evaluating LCI for Hp (n=3)
• Evaluating LCI for Gastric Cancer (n=2)
• Evaluating LCI for other aspects (n=2)
• no full text (n=1)
• no complete data (n=1)
• conference abstract (n=4)
• same data source (n=1)
• protocol (n=1)

24 of full-text articles evaluated for 
eligibility 

8 records included for qualitative 
analysis and 6 for quantitative synthesis

Figure 1 Flow diagram of the literature screening process.
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suggested the existence of heterogeneity caused by non-
threshold effects; consequently, a random-effects model was 
applied for data integration in this meta-analysis.

Diagnostic value of LCI for GIM

The pooled sensitivity, specificity, positive likelihood ratio, 
and negative likelihood ratio of LCI for the diagnosis of 

GIM were 0.87 (0.83–0.91), 0.86 (0.82–0.89), 5.72 (3.63–
8.99), and 0.17 (0.08–0.36), respectively (Figure 3A,B,C,D). 
Symmetric receiver operator characteristic (SROC) curve 
analysis revealed an AUC value of 0.9283 (Figure 4).

Sensitivity analysis

With the exclusion of Lee et  al . ’s  (15) study,  the 
heterogeneity of the combined sensitivity and negative 
likelihood ratio was significantly reduced. With the 
exclusion of Chen et al.’s (16) study, the heterogeneity 
of the combined specificity and positive likelihood ratio 
was significantly reduced. When the above 2 studies were 
excluded simultaneously, the pooled DOR was 74.83 (41.44, 
135.09), Cochran-Q was 1.63, df was 3 (P=0.6528), and I2 
was 0.0%, At this point, the sensitivity, specificity, positive 
likelihood ratio, negative likelihood ratio, and AUC value 
were 0.90 (0.85–0.93), 0.89 (0.84–0.92), 7.47 (5.18–10.78), 
0.12 (0.08–0.20), and 0.9536, respectively. No obvious 
change was observed in the combined results before and 
after the inclusion of Wu et al.’s (22) conference abstract. 
There was no significant change in the results after data 
integration using the fixed-effects model.

Discussion

According to the criteria of the updated Sydney System, 

Table 1 Characteristics of the included studies

Study Country
Participants 

(M/F)
Mean age 

(years)
Trial design Endoscopy type Observed site

Endoscopic 
term

Basis

Lee et al. 
2020 (15)

China 100 (52/48) 51.2 Single-center, 
prospective

EG-760R, 760Z Antrum – Pre-patient

Chen et al. 
2019 (16)

China 107 (64/43) 53.5 Single-center, 
prospective

LCI endoscopy Antrum PLC‡ Pre-patient/
pre-lesion

Weigt et al. 
2020 (17)

Germany 29 (14/15) 65 Multi-center, 
prospective

EG-760ZP Corpus, antrum – Pre-patient

Zhang et al. 
2021 (18)

China 277 (156/121) 53.3 Single-center, 
prospective

EG-L590ZW, 
L700ZW, L580NW

Less, Gre¶, 
angulus

PLC‡ Pre-patient

Min et al. 
2019 (19)

China 63 (36/27) 54.2 Single-center, 
prospective

GF-L590WR Antrum, corpus, 
angulus

PIM§ Pre-patient/
pre-lesion

Ono et al. 
2018 (20)

Japan 128 (54/74) 65.1 Single-center, 
prospective

EG-L590ZW, 
L600ZW, 580NW

Antrum LCS† Pre-patient/
pre-lesion

Fukuda et al. 
2019 (21)

Japan 52 (36/16) 71.9 Single-center, 
prospective

EG-L590ZW – Purple 
mucosa

Pre-lesion

†, LCS, Lavender color sign; ‡, PLC, Patchy Lavender Color; §, PIM, Purple in Mist; ¶, less, the lesser curvature of the gastric antrum and 
corpus; Gre, the greater curvature of the gastric antrum and corpus.

Figure 2 Risk of bias assessment.
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pathological biopsy is still the golden criterion for the 
diagnosis of GIM. However, since GIM can form in 
different parts of the stomach, lesions are likely to be 
missed by random biopsy sampling. Consequently, initial 
identification of GIM lesions under endoscopy has great 
diagnostic significance. The blue laser endoscopy system 
that has appeared in recent years has performed well in 
diagnostic efficiency. Many studies have confirmed that 
by observing “PLC” (patchy lavender color with a regular 
mucosal pattern and a clear border) (16,18), “PIM” (Purple 

in Mist; purple mixed with white on the epithelium 
with signs of mist detected by the non-magnifying LCI 
observation) (19), or “LCS” (20) (a lavender color sign), 
along with other signs through LCI, the detection rate of 
GIM will significantly increase. In this paper, the sensitivity, 
specificity, and positive and negative likelihood ratios of 
LCI for the diagnosis of GIM were integrated through a 
systematic search of relevant literature, and an SROC curve 
was drawn to provide visual evidence of the diagnostic 
efficacy of LCI.

The results of our meta-analysis showed that the 
combined sensitivity of LCI for the diagnosis of GIM 
was 0.87 (0.83–0.91), the specificity was 0.86 (0.82–0.89), 
the positive likelihood ratio was 5.72 (3.63–8.99), and the 
negative likelihood ratio was 0.17 (0.08–0.36), with the 
AUC value being 0.9283. Our results have confirmed for 
the first time that LCI has good diagnostic efficacy for 
GIM. Previous studies on the detection of GIM through 
endoscopy systems have mainly focused on the assessment 
of the diagnostic capability of NBI for GIM (23). Although 
our results did not reveal much of a difference between the 
diagnostic performance of NBI and that of LCI, there were 
still substantial differences in the diagnostic criteria for 
GIM in the tests included in the above-mentioned studies, 
which inevitably led to the existence of heterogeneity caused 
by hidden threshold effects. Also, the light blue crest and 
white opaque substance observed with NBI were of high 
specificity and positive predictive value for the diagnosis of 
GIM (24,25); although, when observed by NBI, the gastric 
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Figure 4 SROC curve and AUC. SE, standard error; Q*, the 
point of the curve in which sensitivity equals specificity; SROC, 
symmetric receiver operator characteristic; AUC, area under curve.

Figure 3 Pooled results of included studies. Pooled sensitivity (A), specificity (B), positive likelihood ratio (C), and negative likelihood ratio 
(D). df, degree of freedom; LR, likelihood ratio; CI, confidence intervals.
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cavity was slightly dark in color overall. To obtain accurate 
markings, available equipment for the optical magnification 
of endoscopy must be used (26,27). Although the diagnosis 
rate of magnified endoscopy combined with NBI for GIM 
can reach over 90% (28), due to the fact that magnified 
endoscopy requires more examination time, richer 
experience, and higher cost, this technique is not widely 
applied in clinical practice. Therefore, LCI has emerged 
as a new means for diagnosing GIM. Compared with NBI, 
LCI offers greater emphasis of mucous membrane color 
changes. Furthermore, due to its sufficient brightness, LCI 
can visualize the purple changes in the gastric cavity which 
are characteristic of GIM (14,19), which is of considerable 
value for diagnosing GIM. 

In our sensitivity analysis, we also found that after the 
exclusion of Lee et al. (15) and Chen et al.’s (16) studies, the 
heterogeneity among the studies was lowered tremendously. 
Lee et al. focused on the diagnostic value of LCI for 
Helicobacter pylori, with the diagnosis rate of GIM used only 
as a secondary outcome indicator. Therefore, a remarkable 
bias in subject group selection was inevitable, which affects 
the accuracy of the results. Also, Lee et al. believed that 
GIM should be taken into consideration when uneven and 
irregular white plaques were found under endoscopy; this 
differed from other studies, which identified lavender lesions 
as a sign of GIM. The inconsistency in diagnostic criteria 
also led to heterogeneity induced by potential threshold 
effects. In regard to Chen et al.’s report, considering that 
white light endoscopy and LCI were carried out during the 
same procedure in the research, the previous white light 
endoscopy observations might have led to deviations in 
the LCI examination results. After excluding Lee et al. and 
Chen et al.’s studies, the combined sensitivity, specificity, 
likelihood ratio, and AUC value of LCI for diagnosing GIM 
were all higher than before.

Our analysis has several limitations that cannot be 
ignored. First, due to the lack of relevant original studies 
and the fact that the included studies were almost all 
focused on single-center cohorts, there was a relatively 
small sample size for analysis, which rendered it impossible 
for us to perform subgroup analysis based on variables 
such as country and racial group. Second, each included 
study used different diagnostic criteria for the diagnosis 
of GIM with LCI, but essentially, the existence of GIM 
was considered when lavender changes were observed. 
Thirdly, the sensitivity results indicated instability in the 
overall results; nevertheless, when we excluded some studies 
and analyzed the sources of heterogeneity of the included 

studies, the summarized results revealed an improvement in 
the diagnostic efficacy of LCI. Finally, what was noteworthy 
was that in the studies of Fukuda et al., Ono et al., and Min 
et al., the calculations of true positive, true negative, false 
positive, and false negative test parameters were conducted 
according to the results of lesions. Due to the insufficient 
number of included studies, we did not synthesize data 
based on the number of lesions.

In summary, under conventional endoscopy, LCI, as 
a non-invasive inspection method, can detect unique 
purple mucosal changes, thus significantly improving the 
diagnostic efficiency and accuracy for GIM with no need 
for endoscopic magnification. These qualities make LCI 
convenient to guide targeted biopsy. In the future, LCI may 
become a novel imaging tool for monitoring patients with 
precancerous gastric lesions. For now, more high-quality, 
large-sample studies are required to further explore the role 
of LCI in the detection of precancerous gastric lesions. 
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