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Abstract
Objectives: It is crucial to identify effective diagnostic biosignatures of tuberculosis (TB) to optimize its treatment. Herein, we
conducted a systematic review to elucidate the diagnostic efficacy of long noncoding RNA (lncRNAs) as TB biomarkers.

Methods:We searched Medline, Web of Science, Embase, Cochrane Library, CNKI, Wanfang, VIP, and China Biology Medicine
disc databases up to February 18, 2020. These studies focusing on lncRNAs as diagnosis markers of TBwere collected. STATA 12.0
and Meta-disc1.4 software were used to analyze the data extracted from eligible studies.

Results: We included 8 articles with 1058 TB patients, and 1896 healthy controls in our study. The values of pooled sensitivity,
specificity, positive likelihood ratio, negative likelihood ratio, and diagnostic odds ratio were 0.63, 0.86, 4.48, 0.43, and 10.31,
respectively. Additionally, we plotted the summary receiver operating characteristic curve to evaluate the diagnostic accuracy, and
the area under the curve was 0.80.

Conclusion: The present study is the first meta-analysis to assess the diagnostic accuracy of lncRNAs in TB patients. We found
that lncRNAs might constitute potential biomarkers for the diagnosis of TB patients. More population-based high-quality research
should be conducted to validate the efficacy lncRNAs in TB patients.

Abbreviations: AUC = area under the curve, CI = confidence interval, CNKI = China national knowledge infrastructure, DOR =
diagnostic odds ratio, LncRNA = long non-coding RNA, NLR = negative likelihood ratio, PLR = positive likelihood ratio, PRISMA =
Preferred Reporting Items for Systematic Reviews and Meta-Analysis, QUADAS-2 = Quality Assessment of Diagnostic Accuracy
Studies-2, ROC = receiver-operating characteristic curves, TB = tuberculosis.
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1. Introduction

Tuberculosis (TB) remains one of the most significant public
health threats.[1] In 2017, there were 10 million newly diagnosed
TB cases and approximately 1.6 million TB-associated deaths
globally.[2–4] China ranks top 20 worldwide regarding the TB
burden and had the second largest number of new cases.[5]

Considering such a huge burden of TB, the development of tools
for early detection of TB is significant. Eearly diagnosis and
appropriate treatment can improve prognosis.[4] The conven-
tional diagnostic criterion including microscopysputum smear
microscopy and traditional Mycobacterium tuberculosis cul-
tures, are too insensitive and time-consuming.[6] Greater efforts
were supposed to develop new tools to detect TB fast and reduce
morbidity and mortality.[7]

Long noncoding RNA (lncRNAs) are nonprotein coding
RNAs with >200 nucleotides in length.[8] Previous studies
demonstrated that lncRNAs play a crucial role in a wide range of
cell biological activities, including cell proliferation, differentia-
tion, pre-transcription, and post-transcription,.[9–12] It had been
proved that lncRNAS were also involved in different types
of infectious diseases.[13] Notably, they have effects on the
development and progression of tuberculosis infection and may
serve as promising diagnostic biomarkers.[14–16] Some studies
indicated that lncRNAs are abnormally expressed in TB and
latent tuberculosis infection patients.[13,15–17]
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Some studies have revealed that lncRNAs exerct efficiency as
novel diagnostic biomarkers with high sensitivity and specificity
in diagnosing tuberculosis.[16,22–23] They have demonstrated the
high sensitivity and specificity of lncRNAs in diagnosing
tuberculosis.[16,23] However, the diagnosis efficiency of different
lncRNAs for TB is controversial. Some studies revealed that the
diagnostic efficacy of lncRNAs as TB biosignature is low.[24,25]

Based on these inconsistent findings and the small sample in these
individual studies, we conducted a meta-analysis to comprehen-
sively explore the diagnostic value of lncRNAs in TB and provide
relatively reliable research evidence. Best to our knowledge, this is
the first meta-analysis about lncRNAs and tuberculosis diagno-
sis. We intend to demonstrate the potential of lncRNAs as
markers for tuberculosis diagnosis in our study.
2. Methods

2.1. Data source and search strategy

We conducted a literature search in Medline (via PubMed), Web
of Science, and Embase (via Ovid SP, from1982), Cochrane
Library, CNKI, Wanfang, VIP, and China Biology Medicine disc
databases up to February 18, 2020. We used the following terms
to search in these databases: “Long non-coding RNA” or “long
noncoding RNA” or lncRNA and TB or tuberculosis. We
conducted our searches via combining text words and medical
subject headings words, without language restriction. Addition-
ally, we searched through the references of the retrieved studies to
identify other potentially eligible studies. We have registered this
meta-analysis in International Platform of Registered Systematic
Review and Meta-analysis Protocols. The ethical review is not
applicable for this study.
2.2. Inclusion criteria and exclusion criteria

All eligible studies in this meta-analysis satisfied the following
criteria: (human research subjects; evaluating the diagnostic value
of abnormally expressed lncRNAs in TB; providing sufficient
data to tabulate 2�2 table for diagnostic meta-analysis. We
utilized the following exclusion criteria: duplicate studies; not
control study; letters, conferences, reviews, or meta-analysis.
2.3. Data extraction and study quality assessment

The values of true-positives, false-positives, true-negatives, and
false-negatives were accessed from the included studies. We used
the GetData Graph Digitizer 2.24 software to compute the
sensitivity and specificity in some articles which only provided
receiver-operating characteristic curves. This systematic review
and meta-analysis was performed as the guidance of the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA).[18] We conducted a quality assessment by adapting
the Quality Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2) checklist.[19] The QUADAS-2 checklist consists of
4 critical domains including patient selection, index test, reference
standard, flow, and timing. Two reviewers independently
extracted data from included studies and assessed methodological
quality. Any disagreements were resolved through consensus.

2.4. Statistical analysis

Sensitivity, specificity, positive likelihood ratio (PLR), negative
likelihood ratio (NLR), diagnostic odds ratio (DOR), and area
2

under the curve (AUC) were used to evaluate the overall
diagnostic performance of the lncRNAs. Heterogeneity between
studies was assessed using the CochranQ test, the Higgins I2.[20]

Moreover, the threshold effect that causes heterogeneity among
studies was quantified using Spearman correlation coefficient,
which must be ≥0.6.[21]

The random-effects model was used to analyze the results when
heterogeneity was caused by the non-threshold effect (I2 >50%,
P< .05). In contrast, the fixed-effects model was utilized when
heterogeneity was absent in the eligible studies (I2 <50%, P >
.05). Subgroup analysis and sensitivity analysis was used to
explore the potential sources of heterogeneity. The publication
bias was assessed using the Deek funnel-plot. A P value of <.05
indicated statistical significance. Meta-disc1.4 and Stata 12.0
software (version 12, College Station, TX) were used to analyze
the data in this meta-analysis. We utilized the Review Manager
Version 5.3 (Cochrane Collaboration, Oxford, UK) software in
generating QUADAS-2 graphs.
3. Results

3.1. Selection of eligible studies

As shown in Figure 1282 articles were initially retrieved from the
electronic databases. Of these, 119 articles were removed as
duplications. After screening the titles and abstracts, we identified
39 articles. Subsequently, we excluded 31 articles due to
insufficient data to access sensitivity and specificity after full-
text screening. No additional studies were found from the
screening of the references of the eligible articles. Finally, 8
articles containing 23 studies were included in this meta-
analysis.[16,22–28] The flow diagram of the selection of the
relevant studies is shown in Figure 1.

3.2. Study characteristics and quality assessments

We included 23 studies involving 1058 patients with TB, and
1896 controls focusing on the diagnostic performance of
lncRNAs in TB patients (Table 1 and Table 2). These studies
were conducted between 2016 and 2019 in China. The results
indicated that 12 lncRNAs were upregulated, whereas 8
lncRNAs were downregulated. Three studies focused on the
diagnostic performance of multiple lncRNAs in TB patients.
Notably, lncRNAMALAT1was investigated in at least 3 studies.
The characteristics of the included studies are shown in Table 1.
The QUADAS-2 assessment indicated that a significant number
of the studies (>80%) had a moderate to high risk of bias, and all
had concerns regarding applicability. The results are shown in
Figure 2A and Figure 2B.

3.3. Diagnostic performance

Overall, 23 studies focused on the value of lncRNAs as TB
diagnostic markers. We reported significant heterogeneity (Fig. 3
and Fig. 4). Therefore, we carefully chose the random-effects
model to calculate the pooled effect. The indexes were as follows:
sensitivity, 0.63 (95% confidence interval [CI] 0.52–0.72),
specificity, 0.86 (95% CI 0.77–0.96); the pooled PLR, 4.48
(95%CI 2.87–6.99), NLR, 0.43 (95%CI 0.35–0.54), and DOR,
10.31 (95% CI 6.49–16.38).
The forest plots of the sensitivity and specificity of lncRNAs for

TB diagnosis are shown in Figure 3. Additionally, the summary
receiver-operating characteristic curve was used to evaluate



Figure 1. A flow diagram demonstrating the study selection process.

Table 1

The primary characteristics of the 23 included studies in this review.

Active TB Healthy control

Study ID Area Study type Specimen Age n Age n LncRNA Method Expression

Fake, 2019[22] China Case–control PBMC 39 (18–79) 31 54 (29–83) 32 MALAT1 qPCR Downregulation
Luo et al, 2017[23] China Case–control Serum 36.7±10.5 56 38.2±11.6 40 MALAT1 RT-qPCR Upregulation
Song et al, 2018[24]

(training set)
China Nomogram model Whole blood Unclear 445 Unclear 826 lnc-PA RT-qPCR Downregulation

Song et al, 2018[24]

(validation set)
China Nomogram model Whole blood Unclear 353 Unclear 824 lnc-PA RT-qPCR Downregulation

Zhao et al, 2017[25] China Case–control Whole blood Unclear 20 Unclear 20 TCONS-l2–00002132 RT-qPCR Downregulation
Zhao et al, 2017[25] China Case–control Whole blood Unclear 20 Unclear 20 TCONS-l2-0000048 RT-qPCR Upregulation
Luo, 2018[26] China Case–control PBMC 41.1±17.5 35 43.7±18.3 35 lnc-FAM110B-10 RT-qPCR Upregulation
Luo, 2018[26] China Case–control PBMC 41.1±17.5 35 43.7±18.3 35 lnc-GUCY2C-1 RT-qPCR Upregulation
Luo, 2018[26] China Case–control PBMC 41.1±17.5 35 43.7±18.3 35 lnc-NEAT1 RT-qPCR Downregulation
Luo, 2018[26] China Case–control PBMC 41.1±17.5 35 43.7±18.3 35 lnc-MALAT1 RT-qPCR Downregulation
Luo, 2018[26] China Case–control PBMC 41.1±17.5 35 43.7±18.3 35 combine RT-qPCR Unclear
Hu, 2019[27] China Case–control Plasma 32 (26-54) 35 44.5 (37–50) 35 lncrna NR-110750 RT-qPCR Upregulation
Hu, 2019[27] China Case–control Plasma 32 (26–54) 35 44.5 (37–50) 35 lncrna uc.212 RT-qPCR Upregulation
Hu, 2019[27] China Case–control Plasma 32 (26–54) 35 44.5 (37–50) 35 lncrna NR-131237 RT-qPCR Upregulation
Hu, 2019[27] China Case–control Plasma 32 (26–54) 35 44.5 (37–50) 35 combine RT-qPCR Unclear
Yang et al, 2016[16] China Case–control PBMC 26 (19–35) 31 23 (19–32) 32 ENST00000360485 RT-qPCR Downregulation
Yang et al, 2016[16] China Case–control PBMC 26 (19–35) 31 23 (19–32) 32 MIR3945HG V1 RT-qPCR Upregulation
Yang et al, 2016[16] China Case–control PBMC 26 (19–35) 31 23 (19–32) 32 MIR3945HG V2 RT-qPCR Upregulation
Chen et al, 2017[28] China Case–control Plasma 41.35±17.27 52 38.92±10.6 52 NR-038221 qPCR Upregulation
Chen et al, 2017[28] China Case–control Plasma 41.35±17.27 52 38.92±10.6 52 NR-003142 qPCR Upregulation
Chen et al, 2017[28] China Case–control Plasma 41.35±17.27 52 38.92±10.6 52 ENST00000570366 qPCR Upregulation
Chen et al, 2017[28] China Case–control Plasma 41.35±17.27 52 38.92±10.6 52 ENSTO0000422l83 qPCR Downregulation
Chen et al, 2017[28] China Case–control Plasma 41.35±17.27 52 38.92±10.6 52 Combine qPCR Unclear
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Table 2

Main characteristics of the included studies.

TB/HC

Study ID AUC 95%CI Sensitivity 95%CI Specificity 95%CI TP FP FN TN

Fake, 2019[22] 0.679 Unclear 0.9631 Unclear 0.4235 Unclear 30 18 1 14
Luo, 2017[23] 0.821 0.735–0.907 0.732 Unclear 0.85 Unclear 41 6 15 34
Song et al, 2018[24]

(training set)
0.619 Unclear 0.5791 Unclear 0.625 Unclear 258 310 187 516

Song et al, 2018[24]

(validation set)
0.626 Unclear 0.8263 Unclear 0.3988 Unclear 292 495 61 329

Zhao et al, 2017[17] 0.4 Unclear 0.75 Unclear 0.30 Unclear 15 14 5 6
Zhao et al, 2017[17] 0.762 Unclear 0.55 Unclear 0.95 Unclear 11 1 9 19
Luo, 2018[26] 0.7151 0.5947–0.8355 0.6286 Unclear 0.8 Unclear 22 7 13 28
Luo, 2018[26] 0.7162 0.5883–0.8441 0.5313 Unclear 0.871 Unclear 19 5 16 30
Luo, 2018[26] 0.7341 0.6006–0.8675 0.6897 Unclear 0.7692 Unclear 24 8 11 27
Luo, 2018[26] 0.6774 0.5434–0.8114 0.4242 Unclear 0.9677 Unclear 15 1 20 34
Luo, 2018[26] 0.8703 0.7745–0.9662 0.7586 Unclear 0.92 Unclear 27 3 8 32
Hu, 2019[27] 0.553 Unclear 0.167 Unclear 1 Unclear 6 0 29 35
Hu, 2019[27] 0.51 Unclear 0.486 Unclear 0.735 Unclear 17 9 18 26
Hu, 2019[27] 0.54 Unclear 0.296 Unclear 1 Unclear 10 0 25 35
Hu, 2019[27] 0.694 Unclear 0.2273 Unclear 1 Unclear 8 0 27 35
Yang et al, 2016[16] 0.7984 0.687–0.909 0.8387 0.6627–0.9455 0.7188 0.5325–0.8625 26 9 5 23
Yang et al, 2016[16] 0.925 0.863–0.987 0.9 0.7347–0.9789 0.8125 0.6356–0.9279 28 6 3 26
Yang et al2016[16] 0.956 0.9lo-1.002 0.8966 0.7265—0.9781 0.9063 0.7498—0.9802 28 3 3 29
Chen et al, 2017[28] 0.677 0.528—0.826 0.5199 Unclear 0.8347 Unclear 27 9 25 43
Chen et al, 2017[28] 0.657 0.503—0.81 1 0.4388 Unclear 0.9024 Unclear 23 5 29 47
Chen et al, 2017[28] 0.672 0 515—0 829 0.4794 Unclear 0.9024 Unclear 25 5 27 47
Chen et al, 2017[28] 0.738 0.592—0.884 0.5608 Unclear 0.9377 Unclear 29 3 23 49
Chen et al 2017[28] 0.845 0.742—0 949 0.792 Unclear 0.75 Unclear 41 13 11 39

Figure 2. (A) Risk of bias and applicability concerns graph: reviews the
judgements of the author about each domain presented as percentages
across included studies. (B) Risk of bias and applicability concerns summary:
reviews judgements of the author about each domain for each included study.

Zhong et al. Medicine (2022) 101:7 Medicine

4

diagnostic accuracy (Fig. 5). AUC was 0.80 (95% CI 0.77–0.84),
indicating a good diagnostic accuracy of the lncRNAs in
diagnosing TB. We performed sensitivity, subgroup, and
publication bias analysis to elucidate the potential sources of
heterogeneity between the included studies.

3.4. Heterogeneity
3.4.1. Threshold effect. Although we used strict inclusion and
exclusion criteria to retrieve eligible studies, heterogeneity still
existed because of the potential confounding factors. The
threshold effect is a crucial reason for heterogeneity in meta-
analysis in a diagnostic accuracy test. In the present meta-
analysis, the calculated Spearman correlation coefficient value
was 0.645 (P= .001), which was >0.6. This reveals the existence
of some extent threshold effect in the accuracy estimate of
lncRNAs.

3.4.2. Sensitivity analysis, and publication bias. The sensitivi-
ty analysis was performed to assess the contribution of each
study to the pooled estimate by excluding individual studies
one at a time and reestimate the pooled odds ratio estimate of
the remaining studies. None of the exclusions altered the
magnitude of the pooled effect about lncRNAs expression and
TB patients, which further confirmed the validity of the results
(Fig. 6). We performed Deek test to assess the publication bias.
The results indicated that publication bias exists in our study
(Fig. 7).

3.4.3. Subgroup analysis. We performed a subgroup analysis
across several different variables to further investigate the sources
of heterogeneity in the meta-analysis. We performed the
subgroup analysis based on single or multiple lncRNAs and



Figure 3. Pooled sensitivity and specificity of the studies on overall lncRNAs used in the diagnosis of TB patients among 23 studies included in the meta-analysis.

Zhong et al. Medicine (2022) 101:7 www.md-journal.com
specimen types. Heterogeneity still existed in our subgroups (P<
.05). We found that multiple lncRNAs have a higher accuracy
compared with single lncRNAs, with sensitivity of 0.623 (95%
Figure 4. Pooled PLR and NLR of the studies on overall lncRNAs used in the
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CI 0.531–0.709) versus 0.643 (95% CI 0.618–0.668), specificity
of 0.869 (95% CI 0.796–0.923) versus 0.605 (95%CI 0.584–
0.625), and DOR of 16.093 (95% CI 7.650–33.851) versus
diagnosis of TB patients among 23 studies included in the meta-analysis.

http://www.md-journal.com


Figure 5. Summary receiver operator characteristic curves (SROC) of
lncRNAs for the diagnosis of TB in the overall population.

Zhong et al. Medicine (2022) 101:7 Medicine
8.226 (95% CI 5.271–12.837). This indicates the existence of
an effective lncRNA fingerprint, including NR-038221,
NR-003142, ENST00000570366, ENSTO0000422l83, or
FAM110B-10, GUCY2C-1, NEAT1, MALAT1 and NR-
110750, uc.212, NR-131237 for combined diagnosis of TB
Figure 6. Sensitivity analysis of th
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(Table 3).We found that there are 3 combinations in total and the
comprehensive diagnostic efficacy of FAM110B-10, GUCY2C-1,
NEAT1, MALAT1 is the best.
Compared with other sample types, lncRNAs in serum had a

higher overall diagnostic accuracy, with a sensitivity of 0.732
(95% CI 0.597–0.842), a specificity of 0.850 (95% CI 0.702–
0.943), PLR of 4.881 (95% CI 2.295–10.380), NLR of 0.315
(95%CI 0.200–0.495), DOR of 15.489 (95%CI 7.370–32.549).
However, there was only one study using serum samples in this
meta-analysis.[23] We additionally found that peripheral blood
mononuclear cell has relatively high sensitivity and specificity.
Subgroup analysis by detection methods revealed no significant
difference in the diagnosis of TB. Because of limited literature
data, we did not perform subgroup analysis regarding population
and age. The detailed results in each subgroup are shown in
Table 3.
4. Discussion

Recent studies revealed the critical roles of lncRNAs in
modulating the initiation and progression of TB.[29] The
diagnosis of tuberculosis remains a significant challenge in a
clinical setup. The presently diagnosis methods have reduced
sensitivity and specificity.[6] Within a relatively short period, a lot
of researches showed that lncRNAs are abnormally expressed in
TB patients.[15,17] LncRNAs are possible TB diagnostic biomark-
ers and potential targets for individualized therapy.[17,30] To the
best of our knowledge, this is the first systematic review andmeta-
analysis exploring the diagnostic accuracy of lncRNAs for TB
patients.
In this meta-analysis, we searched multiple databases and

included 23 eligible studies about the diagnostic value of
e results of the meta-analysis.



Figure 7. Deeks’ funnel plot evaluating the potential publication bias of the included studies.
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lncRNAs for TB. We identified 12 upregulated and 8 down-
regulated in TB patients. The pooled effect sizes for diagnosis
revealed that the lncRNAs signature had a low sensitivity of 0.63
(95% CI 0.52–0.72) and high specificity of 0.86 (95% CI 0.77–
0.96). The AUC was 0.80 (95% CI 0.77–0.84) for differentiating
TB from healthy controls. The pooled PLR was 4.48, indicating
that the likelihood of TB diagnosis increases by 4.48-fold with
positive lncRNAs testing.Moreover, the NLRwas 0.43, implying
that the probability of diagnosis of TB increases by 57% with an
lncRNAs negative test. In addition, the pooledDORwas 10.31. It
indicated a powerful diagnosis capacity of lncRNAs for TB. All
Table 3

Subgroup analyses for the selected studies.

Subgroup analysis Sensitivity (95% CI) Specificity (95% CI)

LncRNA profiling
Single lncRNA 0.643 (0.618–0.668) 0.605 (0.584–0.625)
Multiple lncRNAs 0.623 (0.531–0.709) 0.869 (0.796–0.923)

Specimen
Serum 0.732 (0.597–0.842) 0.850 (0.702–0.943)
Plasma 0.465 (0.415–0.515) 0.890 (0.855–0.919)
PBMC 0.732 (0.678–0.782) 0.802 (0.753–0.845)
Whole blood 0.650 (0.483–0.794) 0.625 (0.458–0.773)

CI = confidence intervals, LR+ = positive likelihood ratio, LR– = negative likelihood ratio, DOR = diag

7

these results suggested that lncRNAs might serve as diagnostic
markers for TB patients.
This meta-analysis has some limitations. Firstly, all the

included studies are Chinese. Therefore, generalizing our findings
to the general global population is a challenge. Secondly, the
methodology quality of the included research in the meta-analysis
was assessed by QUADAS-2, and the risk of bias varied from
moderate to high, which could influence the stability of the
pooled results. Thirdly, most of included studies used a small
sample size. Fifteen studies (15/23) had a study population of 100
participants or less. Fourthly, the study may exist a threshold
LR+ (95% CI) LR� (95% CI) DOR (95% CI)

2.912 (2.246–3.776) 0.513 (0.436–0.603) 8.226 (5.271–12.837)
5.466 (2.007–14.886) 0.387 (0.120–1.241) 16.093 (7.650–33.851)

4.881 (2.295–10.380) 0.315 (0.200–0.495) 15.489 (7.370–32.549)
3.893 (2.597–5.835) 0.621 (0.517–0.747) 7.851 (4.983–12.369)
3.969 (2.436–6.467) 0.311 (0.205–0.473) 16.164 (8.853–29.513)
3.065 (0.145–64.907) 0.531 (0.335–0.841) 4.822 (0.272–85.568)

nostic odds ratio.
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effect. The cutoff values of lncRNAs lacked uniform standard
because of the different methods and criteria used in various
studies. Threshold effect may result in some heterogeneity and
affect the results of this meta-analysis. Therefore, further high-
quality original studies are expected to validate our findings.

5. Conclusions

All in all, the present study is the first meta-analysis on the
diagnostic accuracy of lncRNAs for TB patients. We identified
some aberrantly expressed lncRNAs in patients, particularly
multiple lncRNAs in serum and peripheral blood mononuclear
cells. Those lncRNAs might serve as potential biomarkers for
diagnosis of TB patients. However, further more high-quality
original studies should be conducted to validate these findings.
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