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Abstract
Purpose: To	explore	the	value	of	the	expression	of	serum	miR-	92	and	miR-	122	com-
bined with lung ultrasound score (LUS) in the prognosis of neonatal acute respiratory 
distress	syndrome	(ARDS).
Patients and methods: This	study	involved	148	neonatal	ARDS	cases	from	January	
2018 to October 2021, of which 77 children were discharged from hospital and 31 
died.	The	children	with	ARDS	were	classified	according	to	disease	severity	based	on	
X-	ray	examination	as	mild	(n =	69	cases)	and	severe	(n =	39	cases).	The	expression	of	
serum	miR-	92	and	miR-	122	was	detected	by	real-	time	fluorescence	quantitative	PCR	
and the LUS score was recorded. The data were subjected to ROC curve analysis and 
Pearson correlation analysis.
Results: The	expression	of	serum	miR-	92,	miR-	122,	and	LUS	score	in	the	patients	that	
died were significantly higher than in those who survived (p < 0.05). These indicators 
were also significantly higher in the severe disease group compared to the mild dis-
ease group (p <	0.05).	ROC	curve	showed	that	serum	miR-	92	and	miR-	122	combined	
with	the	LUS	score	had	the	largest	area	under	the	curve	(0.920,	95%	CI:	0.860–	0.977)	
for	predicting	death,	with	a	sensitivity	and	specificity	of	92.0%	and	87.0%,	respec-
tively.	Pearson	correlation	analysis	showed	that	the	expression	levels	of	serum	miR-	92	
and	miR-	122	were	positively	correlated	with	the	LUS	score	(all	p < 0.01).
Conclusions: The	increased	expression	of	serum	miR-	92	and	miR-	122	is	related	to	the	
severity	and	prognosis	of	children	with	ARDS,	combined	with	the	LUS	score	are	of	
value	to	predict	the	prognosis	of	children	with	ARDS.
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1  |  INTRODUC TION

Neonatal	 acute	 respiratory	distress	 syndrome	 (ARDS)	 is	 a	 respira-
tory disease caused by primary or secondary reduction of alveolar 
surfactant, with rapid progression and high mortality that seriously 
threatens	the	life	of	newborns.	ARDS	is	a	respiratory	critical	disease	
that seriously threatens the life of newborns. Its main manifestations 
are hypoxemia of varying degrees, diffuse decreased light transmit-
tance, inflammatory exudation, and decreased lung compliance. The 
incidence	of	ARDS	in	China	can	be	as	high	as	11%,	and	the	mortal-
ity	is	about	20%.	In	2017,	neonatal	ARDS	was	separated	from	adult	
ARDS	and	child	ARDS	for	the	first	time	in	the	world,	and	a	separate	
diagnostic criterion (Montreux diagnostic criterion) was developed. 
The diagnostic criterion emphasizes the pathogenic factors of lung 
injury	 of	 neonatal	 ARDS.	 At	 present,	 there	 is	 still	 a	 lack	 of	 spe-
cific	 treatment	 for	 neonatal	ARDS.	 In	 clinical	 practice,	 respiratory	
support, PS replacement therapy, extracorporeal pulmonary oxy-
genation, nutritional support, and fluid management are the main 
treatment	 methods	 for	 neonatal	 ARDS.	 MicroRNA	 (miRNA),	 as	 a	
new class of gene regulatory molecules, can regulate inflammatory 
pathways and immune responses by affecting the expression of tar-
get genes1–	10 and play an important role in the pathogenesis of respi-
ratory distress syndrome.11	Recent	studies	reported	that	miR-	92	and	
miR-	122	are	expressed	in	inflammatory	lung	diseases,	participating	
in multiple signaling pathways and various immune inflammatory 
reactions, and play an important regulatory role in the occurrence 
and development of respiratory distress syndrome.12,13 The Lung 
Ultrasound Score (LUS) can evaluate the changes in lung ventilation 
to	 determine	 the	 severity	 and	 prognosis	 of	ARDS14; however, the 
mechanism	of	action	and	prognostic	value	of	miR-	92	and	miR-	122	
in	children	with	ARDS	have	not	been	clarified.	This	study	evaluated	
the prognostic value of the combination of the expression of serum 
miR-	92	and	miR-	122	and	LUS	score	in	children	with	ARDS	to	provide	
a	reference	for	the	treatment	of	children	with	ARDS.

2  |  MATERIAL S AND METHODS

2.1  |  Research subjects

Children	with	ARDS	admitted	to	our	hospital	from	January	2018	to	
October	2019	were	included	in	this	study	if	they	met	the	following	
criteria: (1) diagnosed according to the Montreux definition of neo-
natal	ARDS	(2017	edition),15	(2)	chest	X-	ray	showed	diffuse	shadows	
in both lungs with pulmonary edema and echocardiography showed 
(no left atrial hypertension), and (3) the duration of mechanical ven-
tilation	in	the	intensive	care	unit	was	≥72	h	for	acute	onset.	The	ex-
clusion criteria were: (1) the presence of primary alveolar surfactant 
deficiency, hereditary congenital heart disease, congenital metabolic 
disorders, and congenital malformation of lung and chest wall, (2) 
ARDS	occurred	after	admission,	and	(3)	they	were	unwilling	to	par-
ticipate in the study. This study was approved by the hospital ethics 
committee, and the children's families provided informed consent.

2.2  |  Research methods

This prospective study involved children diagnosed with neonatal 
ARDS	who	were	discharged	from	hospital	after	recovery	(n = 77) or 
died (n =	31).	The	X-	ray	images	were	graded	as	follows:	grade	I	−	the	
brightness of the two lung fields decreased significantly, with uni-
formly	 scattered	 fine	 particles	 and	 reticular	 shadows;	 grade	 II	 −in	
addition to grade I, there were signs of bronchial inflation extend-
ing	 to	 the	outer	 lung	 field;	grade	 III	−the	 lesions	were	aggravated,	
with decreased brightness of the lung field and blurred heart mar-
gin	and	diaphragmatic	surface;	grade	IV	−the	whole	 lung	field	was	
white, with more obvious bronchial air signs like the branches of 
bald leaves. The cases were classified according to disease sever-
ity: mild (grade I and II, n =	69)	and	severe	(grade	III	and	IV,	n =	39).	
Sonography was used for lung ultrasound examination of all children 
and the LUS score was recorded. The LUS score ranged from 0 to 
36, and the higher the score, the more serious the disease. Venous 
blood (5 ml) was collected on the day of diagnosis and the serum was 
separated	by	centrifugation	for	analysis	of	the	expression	of	miR-	92	
and	miR-	122	by	real-	time	PCR	as	previously	described.16

2.3  |  Statistical methods

SPSS20.0	statistical	software	was	used	for	analysis.	All	continuous	
variables were tested for normality, and normally distributed data 
were expressed as mean ± standard deviation (x±S), and t-	tests	
were used for comparison between groups. The χ2 test was used 
to	compare	 the	data	groups.	The	value	of	serum	miR-	92	and	miR-	
122	expression	levels	and	LUS	score	in	predicting	the	death	of	ARDS	
children was analyzed by drawing ROC curves, with Pearson correla-
tions	applied	for	correlation	analysis.	A	p-	value	< 0.05 was consid-
ered statistically significant.

3  |  RESULTS

3.1  |  Clinicopathological patient characteristics

This	study	involved	108	neonatal	ARDS	patients	(68	males	and	40	
females),	with	a	gestational	age	of	34–	39	weeks	(average	gestational	
age =37.20 ± 1.15 weeks). There were no significant differences in 
gender, gestational age, birth weight, etiology, maternal age, twin, 
cesarean section, or abnormal amniotic fluid between the patients 
who died and those who survived (Table 1).

3.2  |  Detection of miR- 92, miR- 122, and LUS score

The	expression	of	serum	miR-	92	and	miR-	122	and	the	LUS	score	in	
the patients who died were significantly higher than in the patients 
who survived (Figure 1).	 Also,	 these	 indicators	 were	 significantly	
higher in the severe group than in the mild group (Figure 2).
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3.3  |  Predictive value of serum miR- 92 and miR- 
122 and LUS score

The	optimal	cut-	off	values	of	serum	miR-	92	and	miR-	122	expression	
levels	and	LUS	score	in	predicting	death	in	children	with	ARDS	were	
2.93,	0.21,	and	16.30	points,	respectively.	The	AUC	(95%	CI)	of	the	

combination	 in	predicting	death	 in	 children	with	ARDS	was	0.920	
(0.860–	0.977),	 which	 was	 significantly	 higher	 than	miR-	92	 (0.794	
[0.740–	0.856]),	 miR-	122	 (0.840	 [0.782–	0.897]),	 and	 LUS	 score	
(0.783	[0.724–	0.841])	alone.	The	difference	was	statistically	signifi-
cant (p <	0.05),	and	the	sensitivity	and	specificity	were	92.0%	and	
87.0%,	respectively	(Figure 3).

Parameters
Survival group 
(n = 77)

Death group 
(n = 31) p

Gender	[male,	example	(%)] 46(59.7) 22(71.0) 0.274

Gestational age (weeks) 37.30 ± 1.20 37.15 ± 1.08 0.647

Birth weight (g) 2842 ± 204 2837 ± 210 0.582

Etiology	[cases	(%)]

Choking 30(38.9) 14(45.2) 0.716

Meconium aspiration syndrome 21(27.3) 9(29.0)

Pneumonia 15(19.5) 6(19.4)

Sepsis 11(14.3) 2(6.4)

Age	of	mother	(age) 29.40	± 4.15 29.82	± 4.60 0.372

Twin	twins	[cases	(%)] 4(5.2) 3(9.7) 0.392

Cesarean	section	[cases	(%)] 48(62.3) 20(64.5) 0.832

Abnormal	amniotic	fluid	[cases	(%)] 7(9.1) 4(12.9) 0.553

Abbreviation:	ARDS,	acute	respiratory	distress	syndrome.

TA B L E  1 Comparison	of	baseline	
clinical data between survival group and 
death	group	in	ARDS	children

F I G U R E  1 Expression	levels	of	miR-	92,	miR-	122,	and	LUS	in	both	death	group	and	survival	group.	LUS,	lung	ultrasound	score

F I G U R E  2 Expression	levels	of	miR-	92,	miR-	122,	and	LUS	in	both	mild	group	and	severe	group.	LUS,	lung	ultrasound	score
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3.4  |  Correlation analysis

Pearson	 correlation	 analysis	 showed	 that	 serum	miR-	92	 and	miR-	
122 expression positively correlated with LUS score in the patients 
who died (r = 0.775, p < 0.01 and r = 0.802, p < 0.01, respectively) 
(Figure 4).

4  |  DISCUSSION

Acute	 respiratory	 distress	 syndrome	 is	 the	 most	 common	 critical	
neonatal disease, and its main clinical manifestations are varying de-
grees of hypoxemia, diffuse decreased light transmittance of both 
lungs, inflammatory exudation, and decreased lung compliance. It is 
an	important	cause	of	neonatal	respiratory	failure	and	death.	At	pre-
sent,	the	treatment	of	children	with	ARDS	is	based	on	symptomatic	
and comprehensive treatment such as respiratory support, pulmo-
nary surfactant replacement, extracorporeal membrane oxygena-
tion, nutritional support, and fluid management. However, neonatal 
ARDS	is	difficult	to	treat	and	still	has	a	high	mortality	rate;	therefore,	

a	 timely	and	accurate	prognosis	of	ARDS	children	 is	 important	 for	
the targeted treatment to improve their outcomes.

There	 is	 accumulating	 evidence	 that	 miRNA,	 a	 class	 of	 small	
non-	coding	RNAs,	participate	in	the	post-	transcriptional	regulation	
of	 target	 genes	 through	 miRNA	 shearing	 and	 protein	 translation	
inhibition, thereby playing an important role in cell differentiation, 
proliferation, apoptosis, angiogenesis, and the inflammatory immune 
response.17,18	MiRNA	is	involved	in	the	occurrence	and	development	
of	ARDS,	regulating	the	inflammatory	response	and	apoptosis,	thus	
is	a	potential	novel	biomarker	and	therapeutic	target	for	ARDS.19

Lung ultrasound score is a method based on ultrasound signs, 
which can not only better display the lung apex and focal lesions in 
the lung, but also further evaluate the severity of the lung injury; 
therefore,	 it	 is	 important	 for	 predicting	 the	 ARDS	 prognosis	 and	
guiding clinical treatment.20	At	present,	most	studies	are	based	on	
the	clinical	application	of	miRNA	in	adult	ARDS,	while	there	are	no	
relevant	studies	on	the	prognostic	value	of	miR-	92	and	miR-	122	in	
children	with	ARDS.

As	 far	 as	 we	 know,	 this	 is	 the	 first	 study	 which	 investigates	
serum	miR-	92	and	miR-	122	and	LUS	score	in	neonatal	ARDS.	This	
study	 showed	 that	 the	 expression	 of	 serum	miR-	92	 and	miR-	122	
and LUS score in neonates who died were significantly higher than 
in	those	that	survived.	Furthermore,	the	expression	of	serum	miR-	
92	and	miR-	122	and	LUS	 score	 in	 the	 severe	disease	group	were	
significantly higher than those in the mild disease group. These re-
sults	indicate	that	the	high	expression	levels	of	serum	miR-	92	and	
miR-	122	and	LUS	score	are	related	to	disease	severity	 in	children	
with	ARDS.	Children	with	ARDS	with	a	high	expression	of	miR-	92	
and	miR-	122	have	a	poor	prognosis	 and	a	higher	 risk	of	death.	 It	
has	been	suggested	 that	serum	miRNA	expression	 level	 is	 signifi-
cantly	increased	in	children	with	ARDS,	which	is	closely	related	to	
the	severity	and	prognosis	of	ARDS	in	children.21 To further explore 
the	prognostic	value	of	miR-	92	and	miR-	122	in	children	with	ARDS,	
ROC	curve	analysis	was	performed	showing	that	 the	optimal	cut-	
off	values	of	serum	miR-	92	and	miR-	122	expression	and	LUS	score	
to	predict	the	death	of	ARDS	children	were	2.93,	0.21,	and	16.30	
points,	respectively.	The	area	under	the	curve	of	miR-	92	and	miR-	
122	 combined	with	 the	 LUS	 score	 to	 predict	 the	 death	 of	 ARDS	
children was the largest, with good sensitivity and specificity. In 
addition,	the	expression	of	serum	miR-	92	and	miR-	122	in	this	group	

F I G U R E  3 ROC	curve	for	predicting	sensitivity	and	specificity	
by	the	combination	of	three	methods	in	ALI	patients.	ROC,	receiver	
operator characteristic

F I G U R E  4 Correlation	of	serum	miR-	92	
and	miR-	122	levels	with	LUS.	LUS,	lung	
ultrasound score
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positively correlated with the LUS score, further demonstrating 
that the combination of the three measures was of value in pre-
dicting	the	prognosis	of	ARDS	children.	Bioinformatics	is	an	emerg-
ing discipline that emerged with the launch of the Human Genome 
Project (HGP), which integrates mathematics, computer science, 
and biology to elucidate the biological significance of various types 
of data. Currently, bioinformatics plays a pivotal role in the develop-
ment of medicine.22–	25 In the future study, we would like to explore 
the current topic in bioinformatics.

5  |  CONCLUSION

In	 conclusion,	 the	 increased	 expression	 of	 serum	 miR-	92	 and	
miR-	122	correlated	with	the	severity	and	prognosis	of	ARDS	chil-
dren,	with	the	combination	of	LUS	score	and	miR-	92	and	miR-	122	
expression	 levels	 of	 value	 in	 predicting	 the	 prognosis	 of	 ARDS	
children.
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