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Diagnostic value of serum

LDH in children with refractory
Mycoplasma pneumoniae
pneumoniae: A systematic review
and meta-analysis

Shumin Wang, Zhiyan Jiang, Xuejun Li, Chenghui Sun,
Yixing Zhang and Zhen Xiao*

Pediatrics, Longhua Hospital Affiliated to Shanghai University of Traditional Chinese Medicine, Shanghai,
China

Background: To investigate the relationship between serum Lactate
dehydrogenase (LDH) and refractory Mycoplasma pneumoniae pneumonia
(RMPP) in juvenile individuals.

Methods: Search Chinese databases and English databases. The retrieval time limit
is from the establishment of the database to 2022-04-27. And screening and
inclusion of relevant diagnostic test literature. The QUADAS-2 method was used
to evaluate the quality of the included literature. The random effects model was
used to combine sensitivity, specificity, likelihood ratio, diagnostic odds ratio,
summary receiver operating characteristic curve, and area under summary
receiver operating characteristic curve to evaluate the prediction value of LDH
for RMPP. Subgroup analyses were used to explore sources of heterogeneity.
Results: @ A total of 29 literatures that met the criteria were included in the study,
and the quality of the literature was medium and high, with a total of 702,2
patients. @ The combined sensitivity, specificity, positive likelihood ratio,
negative likelihood ratio, diagnostic odds ratio, and area under the curve of the
studies were: 0.75 (95% C/ =0.73-0.76), 0.73 (95% C/ =0.72-0.74), 3.61 (95% C/
=2.86-4.56), 0.30 (95% C/=0.23-0.39), 13.04 (95% C/ =8.24-20.63), and 0.85
(95% CI=0.82-0.88). ® The results of subgroup analysis showed that
Compared with the subgroup with LDH threshold <400 IU/L, the AUC increased
from 0.84 (95% C/ = 0.80-0.87) to 0.89 (95% CI/ = 0.86-0.91).

Conclusions: The serum LDH has good accuracy for the diagnosis of RMPP and
can serve as a diagnostic marker for RMPP.
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Background

Mycoplasma pneumoniae (MP) is a small inactive growing microorganism between
bacteria and virus, spread mainly by droplets, which is an important cause of
community-acquired pneumonia (CAP) (1). MP can cause up to 20%-40% of CAP in the
general population during epidemics, rising to as much as 70% in closed populations (2).
Despite the fact that MP is self-limiting, some clinical cases develop refractory
Mycoplasma pneumoniae pneumonia (RMPP), a serious and life-threatening infection. In
addition to causing lung diseases such as lung abscess, bronchiolitis obliterans (BO),
pulmonary embolism (PE) and pleural effusion, it can also induce extrapulmonary
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diseases such as encephalitis, Guillain-Barre syndrome (GBS),
Henoch-Schonlein purpura (HSP), and Kawasaki disease (KD)
(3-5). seriously affect the quality of life of children. In the past
10 years, especially in Asian countries, more and more RMPP
have been reported. RMPP is defined as a case with prolonged
fever accompanied by deterioration of radiological findings
despite appropriate management with macrolide treatment for
>7 days, which is usually diagnosed after onset, and therefore
has a certain clinical hysteresis, the timing of treatment may be
delayed (6-8). At the same time, the abuse of more advanced
antibiotics and the irregular use of glucocorticoids often occur,
which makes it urgent to find an early predictor of RMPP.

Lactate dehydrogenase (LDH), an inflammatory marker, is a
major component after glycolysis. LDH exists in various organs
of the human body, including heart, liver, lung, kidney, skeletal
muscle, etc (9). When organs suffer from inflammation and
other injuries, especially after lung tissue is damaged by hypoxia,
LDH will spill over into the blood and other external spaces due
to cell division or damage to cell membranes, resulting in an
increase in the level of LDH in the blood (10). Mature children
are more likely to be injured and cause LDH to rise. There has
been an increase in clinical studies evaluating the diagnostic
value of LDH for RMPP in recent years, but the quality of the
literature is mixed, and no relevant meta-analysis has been
published. Therefore, this article aims to collect relevant high-
level literature evidence and combine the high-quality research
results that have been published so far, in order to further study
and clarify the practical application value and accuracy of LDH
in the diagnosis of RMPP.

Methods

This study was conducted in accordance with preferred
reporting items for a systematic review and meta-analysis of
(PRISMA-DTA)
registered the review on PROSPERO (registration number:
CRD42022336133) (11).

diagnostic test accuracy studies and we

Search strategy

We performed a search of the databases China National
Knowledge Infrastructure (CNKI), Wanfang Database, Cqvip
Database (VIP), SinoMed, PubMed, EMBASE, Cochrane Library,
Web of Science databases without language restrictions from their
inception to April 27, 2022. Taking PubMed as an example, the
Medical Subject Headings (MeSH) terms and keywords used in
the search were as follows: ((("Pneumonia, Mycoplasma"[Mesh])
OR (((CCCCCCCC(((((Refractory Mycoplasma pneumoniae pneumonia
[Title/Abstract]) OR (Refractory Pneumonia, Primary Atypical
[Title/Abstract])) OR  (Refractory Atypical Pneumonia,
Primary[Title/Abstract])) OR (Refractory Atypical Pneumonias,
Primary[Title/ Abstract])) OR (Refractory Pneumonias, Primary
Atypical[Title/Abstract])) OR (Refractory Primary Atypical Pneumonia
[Title/Abstract])) OR (Refractory Primary Atypical Pneumonias

Frontiers in Pediatrics

10.3389/fped.2023.1094118

[Title/Abstract])) OR (Refractory Mycoplasma Pneumonia|Title/
Abstract])) OR (Refractory Mycoplasma Pneumonias|Title/ Abstract]))
OR (Refractory Pneumonias, Mycoplasma|Title/Abstract])) OR
Infection[Title/
Abstract])) OR (Refractory Mycoplasma ovipneumoniae Infections
[Title/Abstract])) OR (Refractory Mycoplasma pneumoniae
Infection[Title/Abstract])) OR  (Refractory = Mycoplasma
pneumoniae Infections[Title/Abstract])) OR  (Refractory
Mycoplasma dispar Infection[Title/Abstract])) OR (Refractory
Mycoplasma dispar Infections[Title/Abstract]))) AND (("L-
Lactate Dehydrogenase”[Mesh]) OR (((((LDH[Title/Abstract])
OR (Dehydrogenase, L-Lactate[Title/Abstract])) OR (L Lactate
Dehydrogenase[Title/Abstract])) OR (Lactate Dehydrogenase
[Title/Abstract])) OR (Dehydrogenase, Lactate[Title/Abstract]))))
AND (sensitiv*[Title/Abstract] OR sensitivity and specificity
[MeSH Terms] OR (predictive[Title/Abstract] AND value*[Title/
Abstract]) OR predictive value of testsfMeSH Terms] OR
accuracy*[Title/ Abstract]). The references of the included studies

(Refractory ~ Mycoplasma  ovipneumoniae

and existing systematic reviews were hand-searched to find
additional relevant articles. The full search strategy is included in
Supplementary Appendix S1.

Eligibility criteria

@® Patientor
pneumoniae pneumonia; Serum LDH testing;
Comparison: RMPP compliant with the “gold standard”;
Outcome: Final diagnosis of RMPP. @ Studies evaluating LDH
as a predictor of RMPP in children. ® The serum LDH was
determined  before the

population: Children with Mycoplasma

Intervention:

diagnosis was made and the
corresponding threshold was determined to further evaluate the
actual accuracy of LDH for predicting RMPP after confirming or
excluding RMPP according to the “gold standard”. @ The results
of the literature must provide sufficient data to construct a 2 x 2
contingency table to accurately calculate the specific values of
true positive (TP), false positive (FP), false negative (FN), and
true negative (TN) cases when LDH predicted RMPP in this
study. ® The type of study design is prospective or retrospective
study. ® The study also needs to clearly point out the reference
standard of RMPP.

Exclusion criteria

(D conference abstracts or study protocols. @ duplicate
publications. (@ studies with incomplete data or no relevant
outcome.

Research selection

Two reviewers (Shumin WANG and Xuejun LI) independently

screened the literature. Initially, duplicate and irrelevant

publications were excluded based on their title and abstract.
Later, each of them independently read the full text of each
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potentially eligible article and finally identified all studies. In case of
disagreement, discussions were conducted with a third investigator
(Yixing ZHANG) until consensus was reached.

Data extraction

Two reviewers (Shumin WANG and Xuejun LI) independently
extracted the followingdata using predesigned forms according to
the guideline fordata extraction for systematic reviews and meta-
analysis (12), including the following information: first author,
year of publication, nation, study type, sample size, gender ratio,
average age of participants, “gold standard” for diagnosing
RMPP, TP, FP, EN, and TN cases, thresholds of LDH. If the data
in the literature is incomplete or cannot be directly extracted, the
corresponding author will be contacted by email for consultation,
and the literature that has not received an affirmative reply from
the author will be excluded.

Risk-of-bias assessment

The Quality Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2) was used to assess the quality of the included studies
(13). The tool evaluates 4 domains: patient selection, index test,
reference standard, and flow and timing. For each domain, the risk
of bias is analyzed using different signaling questions. Beyond the
risk of bias, the tool also evaluates the applicability of each included
study to the research question for every domain.

Statistical analysis

Meta-analysis was performed using The Stata software (version
14.0) and Meta-disc 1.4 software. Pooled sensitivity, specificity,
positive likelihood ratio (PLR), negative likelihood ratio (NLR), and
diagnostic odds ratio (DOR) were calculated using a bivariate mixed-
effects model, and a comprehensive receiver operating characteristic
curve (SROC) was drawn. Threshold effect was assessed by
Spearman’s correlation coefficient between the log value of sensitivity
and the log value of specificity, when P <0.05, it was considered to
have a threshold effect. Heterogeneity was assessed using the I value,
when I? > 50%, indicating that the heterogeneity between studies was
large. We performed subgroup and sensitivity analyses to verify the
robustness of the overall results and explore the sources of
heterogeneity. Subgroup analysis was performed according to factors
such as different study sources, study type, mean age, gold standard,
and threshold. Publication bias was assessed with Deeks’ funnel plot.

Results
Search results

We acquired a total of 805 articles from the initial search of
which 385 duplicate articles were excluded. Furthermore, 361
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after the title and abstract
screening and then 59 articles after full-text reading, Among of
them, 1 articles could not obtain the full text, 27 articles could

not extract relevant data, 2 articles have incorrect data. Finally,

unrelated articles were excluded

29 studies were included in this review. The search selection
process is shown in Figure 1.

Characteristics of studies

A total of 29 articles were included, including 702,2 subjects, of
which 227,9 children were diagnosed RMPP and 474,3 children
were diagnosed general Mycoplasma pneumoniae pneumonia
(GMPP). 2 studies (14, 15) used diagnostic criterion 1 as the
“gold standard” for diagnosing RMPP, and the rest of the studies
used diagnostic criterion 2 as the “gold standard” for diagnosing
RMPP. The included studies were mainly from Asian countries,
of which 1 study (16) was from Japan, 3 studies (14, 15, 17)
were from South Korea, and the rest were from China. The
sample size of each group ranged from 20 to 703 cases. 2 cohort
studies (7, 18) and the rest were case-control studies. The basic
characteristics of the included literature are shown in Table 1.

Risk of bias assessment

The quality of the included literature was evaluated based on
the QUADAS-2 model, and the results are shown in Figure 2.
2 studies (7, 18) were clearly indicated as cohort studies with low
risk of bias in patient selection, and the remaining studies were
case-control studies, so there may be high risk of bias in patient
selection. 2 studies (14, 17) were defined as uncertain risk in
index test because they did not clearly state the threshold, and
the remaining studies were defined as high risk of bias in index
test because their threshold was not determined in advance. All
studies were defined as low risk of bias with respect to the
reference standard because each study clearly indicated the gold
standard for diagnosis and the interpretation of the results was
performed without knowledge of the results of the trial to be
evaluated. 7 studies (14, 17, 20, 28, 36-38) did not specify the
timing of LDH detection, so the flow and timing part was
defined as uncertain risk, and the remaining studies were at low
risk of bias. Overall, the quality of the included literature can be
rated as moderate to high, and the results of all studies are
generally credible.

Analysis of diagnostic threshold

The data was imported into Meta DiSc1.4 software for analysis,
and the Spearman correlation coefficient between the logarithm of
sensitivity and (1-specificity) logarithm was —0.324 (P =0.086 >
0.05), which was not significant, meaning that There was no
threshold effect in this study. Further, by drawing a symmetrical
SROC curve, there is no “shoulder-arm shape”, which further
shows that this study has no threshold effect.
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FIGURE 1
PRISMA flow chart of literature screening

Non-threshold effect heterogeneity

The Cochran-Q test of the DOR showed that Cochran-Q =
312.50, P <0.001, which means that there is heterogeneity caused
by non-threshold effect in this study. Further, the P of
sensitivity, specificity and PLR, NLR, and DOR were all greater
than 50%. Therefore, the random effects model was used to
combine the above five effect sizes.

Evaluation metrics for diagnostic tests

Pooled sensitivity was 0.75 (95% CI = 0.73-0.76), pooled specificity
was 0.73 (95% CI = 0.72-0.74), pooled PLR was 3.61 (95% CI = 2.86-
4.56), pooled NLR was 0.30 (95% CI=0.23-0.39), pooled AUC =
0.85(95% CI = 0.82-0.88), Q index = 0.7803, and the combined DOR
was 13.04 (95% CI = 8.24-20.63). Results shown in Figure 3.

Sensitivity analysis

Stata 14.0 was used to perform sensitivity analysis on the data of
this study, and the results are shown in Figure 4. It can be clearly
seen from the figure that there are 2 original studies (7, 20) with
strong sensitivity, and other original studies will not cause the
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sensitivity of the calculation results. Therefore, the heterogeneity
test was performed again after removing the above 2 studies. The
Cochran-Q test of the DOR showed that Cochran-Q =216.51, P<
0.001, suggesting that there is still heterogeneity. Pooled sensitivity
was 0.80 (95% CI=0.78-0.81), pooled specificity was 0.73 (95%
CI=0.71-0.74), pooled PLR was 3.86 (95% CI = 3.05-4.88), pooled
NLR was 0.27 (95% CI=0.22-0.34), pooled AUC=10.86 (95% CI
=0.83-0.89), Q index =0.7950, and the combined DOR was 15.36
(95% CI=9.94-23.72). Similar to the results before exclusion.
Therefore, the results of this study are relatively stable.

Subgroup analysis

After the heterogeneity test of the results of the 29 studies, it was
suggested that there was direct non-threshold heterogeneity among
the studies. Therefore, we further performed subgroup analyses
according to different study sources, study type, mean age, gold
standard, and threshold. The results are shown in Table 2.

Publication bias assessment

The Deeks’ funnel plot showed that the included studies were
approximately symmetrically distributed (P=0.36), indicating
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https://doi.org/10.3389/fped.2023.1094118
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

10.3389/fped.2023.1094118

Wang et al.

. SAkep 7 1se9)
e J0J Juswiealy onolgiue apoldew aielidoidde aydsap uoissaiboud (Uoisnys 1einard Jo uonepljosuod Ateuownd) oiydelbolpes pue (Buiyiealq )Noyip pue ‘buizeaym ‘Yybnod se yons suuoiduAs Aiojelidsal JO JaAd4) 1ed1unD (2) Jusuiyessy
onolqiue apnosoew aeudoidde yim aiow 1o shep / J0j 1aAs) pabuoloid (T), O3 19)ai Z el onsoubelp ,ejuownaud dw A10)oeIj21 9ARY O} PaJapISUOD sem juaied ay) ‘Juawarcidul ou sem aiayy J| 'sbulpuy jedibojolpes Jo Juswanoidwi
se jam se ‘bun) ay3 Uo SaD.ID pue ‘YBNod ISAS) JO UOIDNPaI JO) P3OaYD a4am syuaiied auy Y g/ 1oy, O} 1ajaJ T elaiud onsoubelp "aausod YNQ-dW Pue/io aanisod WbB|-din UM Paysiies 3siy 21am saIpnis papnioul |y ‘payiodal Jou st YN

(17) 169 €S 6 L 8 4 GE'9 09 PST [onuod-3se) iitvie) 020z ono Ju(
(o7) 069 6ST | LT 1 | sst 4 0T'9 18 9% [onu03-3s€) Lutie] 020z nry red
(6€) T°0€T 98 6 L 14 4 ¥0'9 LS Lyl [oxjuod-ase) latittie) 610T uay) Sueg
(8¢) 50'90€ 8 4 4! 9% 4 [ 7% 9s 22! [onuo>-3se) Litie] 0202 uenn Susyz
(023) SHLY 901 | oI 6C 44 4 or¥ 54 681 [onuo>-3se) BUIYD 810C PN udynys
(9¢) 5007 8¥T | 0T €l 8 4 109 €S €5T [onu03-358)) BUIYD L10T 17 SuIN
(s€) STHE 011 id 54 8T 4 96'S 0s S81 [onu03-358)) BUIYD 020 N7 _uoery
(81) 89T LS S T 91 4 0€'9 95 08 Apmis y10y0D ute) 910C oeny Surdreg
(7€) 09€ ShT | e ¥9 9L T 08'L 19 L1€ [onu0d-ase) utie] 610C Sueyz, Suejuer(
(€9) 453 0s €T 0T 4% T 509 €S L€1 [o1u02-3s8) Lutie] 610C OBl nopui(
(3] 452 99 9T i 9% T 06'S €S 49 [01u02-358) lutie] 7e0T noyz ur)
(1¢) €s¢€ i 01 4 8S 4 AN 44 97T [onuod-aseD) lauttie) S102 oeyg uenyury
(0¢) §'SLE €L 8 St 44 4 00°Z €S 1i4¢ [01U02-358D) euryD 0202 oy Suenys
(62) 20¢ o¥1 6 4 o 4 0r'9 0s ¥€T [013U02-358D) Luittie] L10T Suep uayz
(029) AN 8S i4 €L i T §8's 43 6¥1 [01u02-358) €210y 120T 297 unyg
(1) (U84 ST 1 0 4 T 012 SS 0T [011U0D-35B)) uede( ¥10C rINWEU] NZEYLION
(82) S¥8¢ 81T | 91 8T LS 4 S¥'9 1s 61¢ [01u02-358D) euryD 0202 Suayyz Suerxony
(£2) S'9¢¥ 89 o1 54 s¢ 4 S0'6 8¢ $S1 [013U02-358D) Luitie] 0202 oeyz, Surmif
(92) LT¥ 0ze | 6T | 691 | 9II 4 06°¢ ss $€9 [013U02-358D) Luitte] 9102 Sueyz uenfueng
(s9) 0¥ Tee | 9T | P91 | 911 4 yLS 9 879 [013U02-358) uitsie] L102 reyz nfer(
(¥2) see ¥8C | 9% | L9T | 901 z S6F 6 €0L [013u02-358) Litie] 810C ny Suer(Suer(
(€2) gsLe 181 | € L€ 99 4 LT9 0s 90¢ [o13u02-358) iitve] 120T uap unf
(20) LLOVE 9% 6 8 61 4 AN AN 8 [013u0D-358) 'UIYD 1202 NN UeN
(2) 6L¢ €0 | 9ST | 0s | ¥HI 4 S6F 09 €59 Apms 31040 Litve] S10T nT uayzry
(12) 80% 6¢ id St 4 4 L8°9 L 0L [o1u02-358) itie] 810C nI7 nx-ey,
(02) Si¢ |54 43 SL 74 4 S8F 06 $L1 [013U02-358) LLitie] 610 T ueN
(1) AN [r4 ST a1 1s I (59 1s SIT [onu02-3se) ©310)] 120T Sue[ y1s wIN
(61) §'G9¢ 0€ 8 0z ¥1 4 S6'T 85 (74 [013U0D-358) rUIYD 1207 Sueny urry
(s1) 0s¢€ 98 14 44 1 1 00°'S LS €Tl [onuod-ase) BII0Y] 610T 1oy) ui(-Sunox

ERIEIETEN| Jepuels pjon | (1eak) abe abelany | (9 SJew) onel JSpuarn) | azs sjdwe 2dAy Apny uoneN | Jeap Joyine 1s.i4
4 piep PI (1eaA) (% °lew) P I S pnis Yy

'sa1pnis Papn|oul a3 JO sonsLIeIRYD diseg T I1AV.L

frontiersin.org

05

Frontiers in Pediatrics


https://doi.org/10.3389/fped.2023.1094118
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Wang et al.

10.3389/fped.2023.1094118

Patient Selection NN
ndexest [ N |
Reference Standard MM
Flow and Timing [ R
) t t t it t t t i
0% 25% 50% 75% 100% 0% 25% 50% 75% 100%
Risk of Bias Applicability Concerns
-High |:|Unclear -Low
;B‘ S s o < gz @ o
z| 2§88 Y358 F 2x . CFc r 5§28 2§ ¢ 9%
S @ o @ @ ¥ S5 @ o & ® & % &8 £ C C o @ & &8 @& ® o 6 = o 2 3
|8 88383 3838 88 388 38 33 38838 83 383 3 33 3333 8 3
8 8 & » 3 ® 3 6% 53 a8 8 » o 3 = xR IR S 5 38 5 0 o
® 0 0 0000000000000 O0O0 0000 00 6 0 @ rtenseen
=
0000000000000 0O0OO0 -0 - 000000000 =
V900 e 66 e 66 o666 6 o666 6 666 6 e 6 6 60 O -rdrmenrestanddg
c »
i~ 9 O e e e e e e~ eeee -~ ~~>0~0e6 e e e -~ e e e rowamnTmyg
8
® 00000000000 OO0 0O O0O0O0 00O O0 00 0 0 0 0 0 rtrtsektn
o 0000000000 O0O0 00O O0O0O0 0 O0OO0O0O0 00000
® 000 000000000000 0000 0000 0 0 0 0 0 -rdeenestndmu
:
FIGURE 2
Quality assessment results of included studies based on QUADAS-2 tool criteria.

that there was no significant publication bias. The results are shown
in Figure 5.

Discussion

Due to the particularity of MP structure and the limitations of
children’s own medication, macrolide antibiotics are still the first-
line treatment drugs for the treatment of RMPP in children, such as
azithromycin, erythromycin, etc. However, after infection with MP,
the

disorders occur, resulting in increased difficulty in the treatment

inflammatory response intensifies, secondary immune
of the disease, so glucocorticoids are added on the basis of
antibiotic therapy to carry out anti-inflammatory, anti-allergic
and immunosuppressive treatment to improve the quality of
of the RMPP

characterized by an overactive immune response to pathogens, in

comprehensive  intervention disease. is
which case glucocorticoids are considered an immunomodulator
that regulates the overactive host immune response. Although
glucocorticoids have a good therapeutic effect on RMPP, for
children, scientific dosage is equally important for the safety of

treatment. A study indicated that children with RMPP who
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received methylprednisolone (1 mg/kg/dose, thrice daily for 3
days) recovered smoothly without any obvious side effects (42).
Therefore, the appropriate prescription of antibiotics, as well as
the rapid and accurate diagnosis of RMPP, is important. In a
previous meta-analysis, inflammatory markers such as serum
tumor necrosis factor-o (TNF-o) and interferon-y (IFN-y) could
be used as diagnostic indicators of RMPP (43). However, due to
its high cost and reliability that needs further clinical verification,
it will be difficult to promote and popularize it in clinical
practice in the next few years, especially in many primary
hospitals. In contrast, the index of LDH is more widely used in
clinical tests and carried out in medical institutions at all levels.
LDH was associated with many pulmonary diseases, such as
obstructive  diseases, microbial pulmonary diseases, and
interstitial lung diseases (26). Tsai believes that high levels of
LDH suggest refractory MPP and that systemic corticosteroids
should be considered (42). This is consistent with the results of
Inamura’s study, who found that the sensitivity and specificity of
LDH in the diagnosis of RMPP were 80% and 100%, respectively
(16). Further studies indicated that among the LDH isoenzymes,
the RMPP group showed significantly lower proportions of

LDH1 and LDH2, and higher LDH4 and LDH5 percentage.
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Serum LDH4 plus LDHS5 is a better biomarker than total LDH for
the prediction of RMPP and use of systemic steroids (21). At the
same time, serum LDH levels also predict the severity of RMPP.
The AUC of LDH levels for RMPP children with severe chest

Frontiers in Pediatrics

radiography findings was 0.99, indicating a very high predictive
validity for this index. A cut-off LD level of 530 IU/L showed
very high sensitivity and specificity of 100% and 93%,
respectively (44). And one study found that higher LDH levels
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Sensitivity analysis.

on admission were significantly associated with a slow response to  qualitative and only seven studies on LDH, with possible search
progressive treatment for MP pneumonia (17). However, some  bias (45). Therefore, we conducted a comprehensive search, we
studies have pointed out that LDH has no advantage in  conducted a meta-analysis of the diagnostic efficacy of LDH on
predicting RMPP (20). Prior to our diagnostic meta-analysis, a ~ RMPP, and performed a subgroup analysis to classify and discuss
risk factor-related meta-analysis by Huang discussed CRP, LDH,  different LDH thresholds, age, case sources, etc., hoping to better
D dimer, etc. as risk factors for RMPP, but limited to one  guide clinical practice.

TABLE 2 Subgroup analysis results of the included studies.

Subgroup Case | Sensitivity (95% Cl) | Sensitivity 1> (95% CI) | Specificity (95% Cl) | Specificity /> (95% CI) | AUC (95% CI)
Region

Japan/Korea 4 0.69 (0.58-0.79) 0.00 (0.00-100.00) 0.83 (0.56-0.95) 97.45 (96.05-98.85) 0.75 (0.71-0.79)
China 25 0.78 (0.73-0.83) 91.14 (88.58-93.70) 0.79 (0.73-0.84) 95.93 (94.88-96.79) 0.85 (0.82-0.88)
China Northern city | 8 0.78 (0.68-0.85) 87.30 (79.84-94.75) 0.77 (0.63-0.86) 95.61 (93.73-97.50) 0.84 (0.80-0.87)
China Southern city | 17 0.78 (0.72-0.83) 92.61 (90.14-95.09) 0.80 (0.74-0.85) 96.23 (95.21-97.26) 0.86 (0.83-0.89)
Average age (year)

<6 13 0.73 (0.64-0.81) 90.27 (86.20-94.34) 0.71 (0.61-0.80) 96.02 (94.75-97.29) 0.79 (0.75-0.82)
>6 14 0.82 (0.77-0.86) 73.66 (59.70-87.61) 0.84 (0.78-0.88) 88.14 (83.09-93.19) 0.89 (0.86-0.92)
Study type

Case-control 27 0.79 (0.74-0.83) | 8174 (75.49-87.99) | 0.78 (0.72-0.83) | 9542 (94.38-9646) | 0.85 (0.82-0.88)
Gold standard

Diagnostic criteria 2 | 27 | 0.78 (0.73-0.83) | 9037 (87.63-93.12) | 0.79 (0.73-0.84) | 95.98 (95.10-96.86) | 0.85 (0.82-0.88)
Threshold (IU/L)

<400 17 0.75 (0.68-0.81) 89.66 (85.84-93.48) 0.79 (0.71-0.85) 96.49 (95.56-97.43) 0.84 (0.80-0.87)
>400 10 0.83 (0.78-0.88) 78.05 (64.83-91.28) 0.80 (0.72-0.87) 93.84(91.24-96.43) 0.89(0.86-0.91)
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This Meta-analysis included 29 studies involving a population
of 702,2 cases. Firstly, we used QUADAS-2 to evaluate the quality
of the included literature, which indicated that the quality of the
literature was generally high. Therefore, the credibility of all
research results was guaranteed to a certain extent. Secondly, we
performed a non-threshold effect test using Meta DiSc 1.4
software, the Spearman correlation coefficient between the
logarithm of sensitivity and (1-specificity) logarithm was —0.324
(P=0.086>0.05), which was not significant, meaning that
There was no threshold effect in this study. The non-threshold
effect heterogeneity test was continued and found that the
heterogeneity between studies was high (Cochran-Q = 312.50, P <
0.001). Pooled sensitivity was 0.75 (95% CI=0.73-0.76), pooled
specificity was 0.73 (95% CI=0.72-0.74), pooled AUC=0.85
(95% CI=0.82-0.88) using random effects model pooled effect
sizes. indicated LDH has good accuracy in diagnosing RMPP.
Pooled PLR was 3.61 (95% CI=2.86-4.56), pooled NLR was
0.30 (95% CI=0.23-0.39), also suggesting that LDH can be used
as a reliable indicator for predicting RMPP. In addition, we
to find the
heterogeneity, suggesting that there may be heterogeneity in 2

conducted a sensitivity analysis source of
studies (7, 20), and performed a re-analysis after exclusion.
Coincidentally, the results after exclusion were similar to those
of previous studies (Before exclusion: pooled AUC=0.85 (95%
CI=0.82-0.88) VS after exclusion: pooled AUC =0.86 (95% CI=

0.83-0.89)), suggesting that the results of this study are relatively

Frontiers in Pediatrics

stable. At the same time, we conducted a subgroup analysis
based on different study sources, study types, average age, gold
standard and threshold. We found that LDH as a predictor of
RMPP was more powerful in Chinese-derived studies compared
with Japanese/Korea-derived studies. This situation may be due
to differences in the diagnosis of RMPP among studies from
different sources. In the subgroup with a mean age of more than
6 years, the sensitivity, specificity and AUC of LDH in the
diagnosis of RMPP were 0.82 (95% CI=0.77-0.86), 0.84 (95%
CI=0.78-0.88) and 0.89 (95% CI=0.86-0.92), respectively. the
diagnostic performance was higher than that of the subgroup
with an average age of less than 6 years. The occurrence of these
conditions may be related to the epidemiology of RMPP, which
is most prevalent in school-age children (6-12 years). Compared
with the subgroup with LDH threshold <400 IU/L, the AUC
increased from 0.84 (95% CI=0.80-0.87) to 0.89 (95% CI=0.86-
0.91). Finally, we performed the Deeks’ funnel plot publication
bias analysis of the included studies, suggesting that there was no
publication bias.

Admittedly, our study also has the following limitations. First,
although there are 29 studies included in this study, the included
populations mainly involve the Asian region, where more RMPPs
have been reported, and the applicability of the results to
populations in other regions is unclear. Second, although a
subgroup analysis was conducted based on differences in study
sources, study type, mean age, gold standard, and threshold,
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there was still heterogeneity after combining the effect sizes, and
the influence of the reasons for heterogeneity on the results
should be considered when interpreting the results. Third, the
LDH thresholds used among the included studies were not
completely consistent. Although the Spearman correlation
coefficient showed that there was no obvious threshold effect,
different thresholds would still affect the accuracy of the
combined results to a certain extent. Fourth, most of the
included studies are case-control studies, which inevitably have
population selection bias. In the future, more large-scale,
multicenter prospective studies are needed to explore the
accuracy of LDH in the diagnosis of RMPP.

In conclusion, the current evidence shows that serum LDH has
good accuracy for the diagnosis of RMPP. Limited by the source
and quality of the included population, more multi-center and
high-quality studies need to be included in the future for
verification.
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