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Abstract
Objective: This	 study	 aimed	 at	 exploring	 the	 correlation	 of	microRNA	 (miR)-497/
fibroblast	 growth	 factor-23	 (FGF-23)	 axis	with	major	 adverse	cardiac	and	cerebral	
event	 (MACCE)	occurrence	 in	end-stage	renal	disease	 (ESRD)	patients	who	under-
went	continuous	ambulatory	peritoneal	dialysis	(CAPD).
Methods: Totally,	 360	ESRD	patients	who	underwent	CAPD	were	 enrolled.	 Their	
plasma	samples	were	collected	to	detect	miR-497	expression	by	real-time	quantita-
tive	polymerase	chain	reaction,	and	FGF-23	level	by	enzyme-linked	immunosorbent	
assay.	All	patients	were	followed	up	for	36	months,	and	the	occurrence	of	MACCE	
during	the	follow-up	was	documented.
Results: MiR-497	expression	negatively	 correlated	with	FGF-23	 level	 in	ESRD	pa-
tients	who	underwent	CAPD	 (P	<	 .001).	The	MACCE	occurrence	 rate	at	1,	2,	 and	
3-year	was	5.6%,	11.9%,	and	15.0%,	respectively.	Furthermore,	miR-497/FGF-23	axis	
high	level	(P	<	.001)	and	miR-497	high	expression	(P	=	.034)	correlated	with	reduced	
accumulating	MACCE	occurrence,	whereas	FGF-23	high	level	 (P	=	 .008)	correlated	
with	 increased	 accumulating	 MACCE	 occurrence.	 Forward	 stepwise	 multivariate	
Cox's	 regression	 disclosed	 that	miR-497/FGF-23	 axis	 high	 level	 (P	 =	 .008)	was	 an	
independent	predictive	factor	for	lower	accumulating	MACCE	occurrence,	whereas	
age	(≥55	years)	(P	<	.001),	body	mass	index	(≥21.7	kg/m2)	(P	=	.006),	peritoneal	dialy-
sis	duration	(≥61.0	months)	(P	<	.001),	C-reactive	protein	(≥4.7	mg/L)	(P	=	.001),	serum	
uric	acid	(≥409.4	μmol/L)	(P	=	.009),	β-fibrinogen	(≥5.8	mmol/L)	(P	<	.001),	and	low-
density	lipoprotein	cholesterol	(≥2.7	mmol/L)	(P	=	.003)	were	independent	factors	for	
predicting	higher	accumulating	MACCE	occurrence.
Conclusion: MiR-497/FGF-23	axis	 holds	 clinical	 significance	 for	 predicting	 attenu-
ated	MACCE	risk	in	ESRD	patients	who	underwent	CAPD.
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1  | INTRODUC TION

End-stage	renal	disease	 (ESRD),	a	growing	global	health	burden,	 is	
characterized by advanced irreversible dysfunction of the glomer-
ular	filter	apparatus	that	ultimately	leads	to	the	kidney	failure.1	It	is	
estimated to affect over 2 million individuals worldwide with high 
mortality and hospitalization rate.2,3	Dialysis	 remains	as	 the	main-
stay	treatment	of	prolonging	life	of	ESRD	patients	since	renal	trans-
plantation is limited by organ shortage and financial constrains.4 
Continuous	ambulatory	peritoneal	dialysis	(CAPD),	as	a	convenient	
mode	 of	 dialysis,	 is	 performed	 to	 exchange	 electrolytes,	 glucose,	
urea,	albumin,	and	other	small	molecules	from	the	blood.5,6	However,	
major	adverse	cardiac	and	cerebral	event	(MACCE)	is	a	frequent	and	
severe	complication	in	ESRD	patients	underwent	CAPD,	which	pro-
foundly	 damages	 patients’	 quality	 of	 life,	 elevates	 the	 healthcare	
costs	and	even	sudden-death	rate	 in	ESRD	patients.7	Currently,	 in	
clinical	practice,	 there	 is	still	a	 lack	of	efficient	disease	monitoring	
and	predictive	biomarkers	for	MACCE.	Therefore,	the	identification	
of	plasma	biomarkers	for	assessing	MACCE	risk	and	improving	prog-
nosis	is	an	important	goal	in	ESRD	patients	who	underwent	CAPD.

In	our	previous	study,	 fibroblast	growth	 factor-23	 (FGF-23),	an	
endocrine	hormone,	is	illuminated	to	correlate	with	poor	renal	func-
tion	and	higher	MACCE	occurrence	as	well	as	have	the	potential	for	
predicting	shorter	MACCE-free	survival	 in	ESRD	patients	who	un-
derwent	CAPD.8	Meanwhile,	 FGF-23	was	 found	 to	 be	 a	 potential	
target	of	microRNA	(miR)-497	(derived	by	prediction	using	miRanda	
database	 [www.micro	rna.org]).	As	 for	miR-497,	a	highly	conserved	
microRNA	is	reported	to	regulate	cardiosphere-derived	cells	(CDCs)	
differentiation,	 alleviate	 myocardial	 ischemia-reperfusion	 (I/R)	 in-
jury,	and	suppress	myocardial	hypertrophy	in	various	cardiovascular	
diseases.9-11	Furthermore,	miR-497	is	also	involved	in	the	develop-
ment and progression of cerebrovascular disease.12,13	Additionally,	
our	preliminary	study	with	small	sample	size	revealed	that	miR-497	
was	negatively	correlated	with	FGF-23,	and	it	could	predict	MACCE	
occurrence	in	ESRD	patients	who	underwent	CAPD	to	some	extent.

Combining	 the	 evidences	 from	 these	 aforementioned	 studies,	
we	speculated	 that	miR-497	might	predict	MACCE	occurrence	via	
interacting	with	 FGF-23.	 Therefore,	 this	 study	 aimed	 at	 exploring	
the	correlation	of	miR-497/FGF-23	axis	with	MACCE	occurrence	in	
ESRD	patients	who	underwent	CAPD.

2  | MATERIAL S AND METHODS

2.1 | Patients

From	 July	 2011	 to	 June	 2016,	 360	 ESRD	 patients	 who	 under-
went	CAPD	 in	 our	 hospital	were	 consecutively	 recruited	 in	 this	

study. The inclusion and exclusion criteria referred to our previ-
ous study.8	 In	brief,	 the	 inclusion	criteria	were	as	 follows:	 (a)	di-
agnosed	 as	 ESRD;	 (b)	 underwent	 CAPD	 for	 at	 least	 3	 years;	 (c)	
age	 >	 18	 years	 old;	 (d)	 no	 history	 of	 kidney	 transplantation	 or	
kidney	 surgery;	 and	 (e)	 without	 solid	 tumors	 or	 hematological	
malignancies.	The	exclusion	criteria	included:	(a)	history	of	hemo-
dialysis;	(b)	history	of	cardiovascular	and	cerebrovascular	diseases	
(such	 as	 coronary	 artery	 disease,	 myocardial	 infarction,	 stroke,	
thromboangiitis	 obliterans,	 arteriosclerosis,	 and	 obliterans);	 (c)	
history	 of	major	 cardiovascular	 surgery	 (percutaneous	 coronary	
intervention	or	coronary	artery	bypass	grafting);	(d)	primary	dia-
betes	mellitus	(DM)	nephropathy,	primary	hypertensive	nephrop-
athy	or	complicated	with	DM	or	hypertension;	and	 (e)	unable	 to	
follow up regularly.

2.2 | Ethics

The	 approval	 of	 this	 study	 was	 acquired	 from	 the	 Institutional	
Review	Board	of	our	hospital,	and	all	procedures	were	carried	out	
in	 compliance	 with	 the	 provisions	 of	 the	 Declaration	 of	 Helsinki.	
Written informed consents were obtained from all patients before 
enrollment.

2.3 | Data and sample collection

After	 enrollment,	 the	 clinical	 features	were	 collected,	 which	 in-
cluded	demographic	data,	peritoneal	dialysis	duration,	biochemi-
cal	indexes	and	blood	pressure.	Besides,	the	adequacy	of	dialysis	
(Kt/V)	was	 also	 recorded,	which	was	 calculated	 as	 clearance	 (K)	
multiplied	by	treatment	time	(t)	and	divided	by	the	urea	distribu-
tion	 volume	 (V).	 Peripheral	 blood	 samples	 of	 patients	were	 col-
lected	 after	 the	 informed	 consents	 were	 provided.	 And	 plasma	
was	 isolated	 from	 blood	 samples	 by	 centrifuging	 at	 215 g for 
15	minutes	under	4°C,	then	the	plasma	was	stored	at	−80°C	until	
further measurement.

2.4 | FGF-23 and miR-497 detections

The	 level	 of	 FGF-23	 in	 plasma	 was	 measured	 using	 the	 Human	
C-terminal	 FGF-23	 enzyme-linked	 immunosorbent	 assay	 (ELISA)	
kit	 (Immutopics),	and	the	procedure	was	consistent	with	the	study	
we published previously.7	The	 level	of	miR-497	 in	plasma	was	de-
tected	by	reverse	transcription	quantitative	polymerase	chain	reac-
tion	(RT-qPCR).	Total	RNA	from	plasma	was	isolated	using	QIAamp	
RNA	Blood	Mini	Kit	(Qiagen),	then	the	extracted	RNA	was	reversely	
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transcribed	to	complementary	DNA	with	the	use	of	ReverTra	Ace® 
qPCR	 RT	 Master	 Mix	 (Toyobo).	 Subsequently,	 complementary	
DNA	was	 subjected	 to	PCR	 amplification	with	KOD	SYBR®	 qPCR	
Mix	 (Toyobo).	 The	 relative	 expression	 of	 miR-497	 was	 computed	
by 2−ΔΔCt	method,	 and	U6	was	 used	 as	 an	 internal	 reference.	 The	
primer	 sequences	 applied	 for	 miR-497	 and	 U6	 were	 as	 follows:	
miR-497,	forward:	5′	ACACTCCAGCTGGGCAGCAGCACACTGTGG	
3′;	 reverse:	 5′	 TGTCGTGGAGTCGGCAATTC	 3′;	 U6,	 for-
ward:	 5′	 CTCGCTTCGGCAGCACATATACTA	 3′,	 reverse:	 5′	
ACGAATTTGCGTGTCATCCTTGC	3′.

2.5 | Follow-up

Regular	follow-up	was	conducted	by	telephone	or	clinical	visit	every	
1-3	months.	 All	 patients	were	 followed	 up	 to	MACCE	 occurrence	
or	36	months	after	enrollment.	The	method	for	MACCE	detection	
and	the	MACCE	definition	referred	to	our	previous	study.8	Briefly,	
MACCE	was	defined	as	the	event	of	death	or	hospitalization	caused	
by	 cardiovascular	 disease	 or	 cerebrovascular	 disease,	 acute	 coro-
nary	 syndrome,	 stable	 angina	 pectoris	 requiring	 target	 vessel	 re-
vascularization	(TVR),	transient	ischemic	attack	(TIA),	and	ischemic	
stroke.	During	follow-up,	the	occurrence	of	MACCE	was	recorded.	
For	patients	who	 lost	 follow-up,	 the	majority	of	 them	admitted	 to	
other	hospitals	for	clinical	visit.	Hence,	we	did	not	have	the	complete	
follow-up	 information	 for	MACCE	 in	 these	 patients.	And	 it	would	
not	be	objective	 if	 they	were	censored	on	 the	date	of	 last	 follow-
up.	Therefore,	they	were	excluded	from	the	final	analysis.	Regarding	
patients	who	withdrew	the	informed	consents,	we	did	not	have	the	
right	to	use	their	data.	Therefore,	they	were	excluded	from	the	final	
analysis.

2.6 | Statistical analysis

Correlation	 between	 miR-497	 and	 FGF-23	 was	 analyzed	 by	
Spearman's	 rank	 correlation	 test.	 For	 accumulating	 MACCE	 oc-
currence	analysis,	patients	were	divided	 into	high	group	and	 low	
group	 according	 to	 the	median	 value	 of	 variables	 (such	 as	 miR-
497	high	group	and	low	group,	FGF-23	high	group	and	low	group,	
or	miR-497/FGF-23	axis	high	group	and	low	group).	Accumulating	
MACCE	occurrence	was	illustrated	using	Kaplan-Meier	estimates,	
and	difference	of	accumulating	MACCE	occurrence	between	two	
groups	was	determined	by	log-rank	test.	Factors	affecting	MACCE	
risk	 were	modeled	 using	 univariate	 and	 forward	 stepwise	 Cox's	
multivariate	 proportional	 hazard	 regression.	 Factors	 affecting	
MACCE	 risk	 were	 divided	 into	 two-category	 data	 in	 the	 Cox's	
multivariate proportional hazard regression based on their median 
value	 to	 increase	 statistic	 power	 and	make	 them	more	 clinically	
significant.	 Statistical	 analyses	were	performed	using	SPSS	 soft-
ware	(IBM)	version	22.0,	and	figures	were	made	using	GraphPad	
Prism	software	(GraphPad	Software)	version	7.00.	P value < 0.05 
was considered significant.

3  | RESULTS

3.1 | Study flow

Initially,	a	total	of	756	patients	were	invited,	in	which	189	patients	
were	excluded	since	 they	declined	 to	attend	pre-screening	proce-
dure	 (Figure	 1).	 Subsequently,	 567	 patients	 were	 screened,	 while	
153	 patients	 were	 excluded	 (130	 patients	 did	 not	 meet	 inclusion	
criteria	or	met	exclusion	criteria,	23	patients	declined	the	informed	
consents).	Then,	among	414	eligible	patients,	a	total	of	54	patients	
withdrew	during	 the	 follow-up	 (43	 patients	 lost	 follow-up,	 11	 pa-
tients	withdrew	 informed	 consents).	 Eventually,	 360	patients	who	
completed	36-month	follow-up	were	included	in	the	final	analysis.

3.2 | Clinical features

In	 ESRD	 patients	 who	 underwent	 CAPD,	 the	 mean	 age	 was	
55.2	±	11.5	years,	and	there	were	119	(33.1%)	females	as	well	as	241	
(66.9%)	males.	The	mean	BMI	was	21.8	±	2.6	kg/m2.	Besides,	the	num-
ber	of	patients	with	current	smoking	and	drinking	was	70	(19.4%)	and	
61	(16.9%),	respectively.	Additionally,	at	enrollment,	the	median	peri-
toneal	dialysis	duration	and	the	median	Kt/V	was	60.5	months	(IQR:	
48.0-78.0	months)	and	1.8	(IQR:	1.6-2.1),	respectively.	Detailed	char-
acteristics of biochemical indexes were exhibited in Table 1.

F I G U R E  1  Study	flow
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3.3 | MiR-497, FGF-23 and miR-497/FGF-23 axis

In	 ESRD	patients	who	 underwent	CAPD,	 the	median	miR-497	 rela-
tive	 expression	 was	 1.000	 (IQR:	 0.551-1.965;	 Range:	 0.033-8.481)	
(Figure	2A),	and	 the	median	FGF-23	 level	was	685.565	pg/mL	 (IQR:	
526.513-820.923	pg/mL;	Range:	230.780-1555.760	pg/mL)	(Figure	2B).	
Furthermore,	the	median	miR-497/FGF-23	axis	level	was	0.001	(IQR:	
0.001-0.003;	Range:	0.000-0.026)	(Figure	2C).	Additionally,	miR-497	
relative	expression	was	negatively	correlated	with	FGF-23	level	in	the	
analyzed	patients	(P	<	.001)	(r	=	−.363)	(Figure	2D).

3.4 | MACCE occurrence

Kaplan-Meier	 curve	 revealed	 that	 the	 mean	 duration	 for	 occurring	
MACCE	was	33.1	months	(95%	CI:	32.3-33.9	months)	in	ESRD	patients	

who	underwent	CAPD	(Figure	3A).	The	MACCE	occurrence	at	1,	2,	and	
3	year	was	20	(5.6%),	43	(11.9%),	and	54	(15.0%),	respectively	(Figure	3B).

3.5 | Correlation of miR-497, FGF-23, and miR-497/
FGF-23 axis with accumulating MACCE occurrence

MiR-497	high	expression	(χ2	=	4.487)	 (P	=	 .034)	was	correlated	with	
reduced	accumulating	MACCE	occurrence	(Figure	4A),	whereas	FGF-
23	high	level	(χ2	=	7.155)	(P	=	.008)	was	correlated	with	elevated	ac-
cumulating	 MACCE	 occurrence	 in	 ESRD	 patients	 who	 underwent	
CAPD	(Figure	4B).	As	for	miR-497/FGF-23	axis	high	level	(χ2	=	12.450)	
(P	<	 .001),	 it	was	correlated	with	 lower	accumulating	MACCE	occur-
rence	 (Figure	4C).	Of	note,	miR-497/FGF-23	axis	had	 increased	 sta-
tistic value and decreased P	value	compared	with	miR-497	or	FGF-23	
alone	 numerically,	 which	 indicated	 that	miR-497/FGF-23	 axis	might	
better	predict	the	accumulating	MACCE	occurrence	in	ESRD	patients	
who	underwent	CAPD	to	some	extent.	Besides,	1-year	MACCE	was	
not	obviously	differed,	and	2-year	MACCE	was	intermediately	differ-
entiated	between	miR-497/FGF-23	axis	high	and	low	level.	The	differ-
ence	was	enlarged	for	2-year	MACCE,	which	indicated	that	miR-497/
FGF-23	axis	was	valuable	for	predicting	long-term	MACCE	risk.

3.6 | Factors predicting accumulating MACCE 
occurrence by univariate Cox's regression model

Univariate	Cox's	 regression	model	analysis	disclosed	 that	miR-497	
high	expression	(HR:	0.556,	95%	CI:	0.320-0.966,	P	=	.037)	and	miR-
497/FGF-23	axis	high	level	(HR:	0.359,	95%	CI:	0.198-0.651,	P	=	.001)	
were	correlated	with	decreased	accumulating	MACCE	occurrence	in	
ESRD	patients	who	underwent	CAPD	 (Table	2).	Whereas,	 FGF-23	
high	level	(HR:	2.123,	95%	CI:	1.205-3.738,	P	=	.009),	age	(≥55	years)	
(HR:	 1.973,	 95%	 CI:	 1.129-3.449,	 P	 =	 .017),	 BMI	 (≥21.7	 kg/m2)	
(HR:	 1.829,	 95%	CI:	 1.052-3.177,	P	 =	 .032),	 peritoneal	 dialysis	 du-
ration	 (≥61	 months)	 (HR:	 2.793,	 95%	 CI:	 1.540-5.067,	 P	 =	 .001),	
CRP	 (≥4.7	mg/L)	 (HR:	 2.577,	 95%	CI:	 1.437-4.621,	P	 =	 .001),	 SUA	
(≥409.4	 μmol/L)	 (HR:	 1.797,	 95%	 CI:	 1.034-3.121,	 P	 =	 .038),	 FBG	
(≥5.8	 mmol/L)	 (HR:	 1.992,	 95%	 CI:	 1.140-3.483,	 P	 =	 .016),	 TC	
(≥4.6	mmol/L)	(HR:	1.776,	95%	CI:	1.022-3.085,	P	=	.042),	and	LDL-C	
(≥2.7	mmol/L)	(HR:	1.952,	95%	CI:	1.116-3.412,	P	=	.019)	were	cor-
related	 with	 increased	 accumulating	MACCE	 occurrence	 in	 ESRD	
patients	who	 underwent	 CAPD	 (Table	 2).	 No	 correlation	 of	 other	
factors	 with	 accumulating	 MACCE	 occurrence	 was	 observed	 in	
ESRD	patients	who	underwent	CAPD	(Table	2).

3.7 | Factors predicting accumulating MACCE 
occurrence by forward stepwise multivariate Cox's 
regression model

Forward	 stepwise	 multivariate	 Cox's	 regression	 model	 analysis	
showed	that	miR-497/FGF-23	axis	high	level	 (HR:	0.445,	95%	CI:	

TA B L E  1  Clinical	characteristics	of	CAPD	patients

Items
CAPD patients 
(N = 360)

Age	(years),	mean	±	SD 55.2 ± 11.5

Gender,	No.	(%)

Female 119	(33.1)

Male 241	(66.9)

BMI	(kg/m2),	mean	±	SD 21.8	±	2.6

Smoke,	No.	(%) 70	(19.4)

Drink,	No.	(%) 61	(16.9)

Peritoneal	dialysis	duration	(months),	
median	(IQR)

60.5	(48.0-78.0)

Kt/V,	median	(IQR) 1.8	(1.6-2.1)

HB	(g/L),	mean	±	SD 103.5 ± 15.0

WBC	(×109/L),	mean	±	SD 7.9	±	2.2

PLT	(×109/L),	mean	±	SD 209.5	±	56.2

CRP	(mg/L),	median	(IQR) 4.7	(2.9-7.6)

Scr	(μmol/L),	median	(IQR) 922.6	(768.4-1108.3)

SUA	(μmol/L),	mean	±	SD 415.9	±	75.2

Ca	(mmol/L),	median	(IQR) 2.2	(2.0-2.4)

Phosphorus	(mmol/L),	mean	±	SD 1.7	±	0.4

FBG	(mmol/L),	median	(IQR) 5.8	(4.5-7.2)

ALB	(g/L),	mean	±	SD 38.9	±	6.2

SBP	(mm	Hg),	median	(IQR) 137.0	(126.0-151.8)

DBP	(mm	Hg),	mean	±	SD 83.2 ± 9.0

TG	(mmol/L),	median	(IQR) 1.7	(1.0-2.4)

TC	(mmol/L),	median	(IQR) 4.6	(3.9-5.4)

LDL-C	(mmol/L),	mean	±	SD 2.8	±	0.6

HDL-C	(mmol/L),	median	(IQR) 1.0	(0.9-1.2)

Abbreviations:	ALB,	albumin;	BMI,	body	mass	index;	Ca,	calcium;	CAPD,	
continuous	ambulatory	peritoneal	dialysis;	CRP,	C-reactive	protein;	
DBP,	diastolic	blood	pressure;	FBG,	β-fibrinogen;	HB,	hemoglobin;	HDL-
C,	high-density	lipoprotein	cholesterol;	IQR,	interquartile	range;	LDL-C,	
low-density	lipoprotein	cholesterol;	PLT,	platelet;	SBP,	systolic	pressure;	
Scr,	serum	creatinine;	SD,	standard	deviation;	SUA,	serum	uric	acid;	TC,	
total	cholesterol;	TG,	triglyceride;	WBC,	white	blood	cell.
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0.244-0.812,	P	=	 .008)	was	an	 independent	predictive	factor	for	
lower	accumulating	MACCE	occurrence,	whereas	age	(≥55	years)	
(HR:	3.153,	95%	CI:	1.747-5.692,	P	<	.001),	BMI	(≥21.7	kg/m2)	(HR:	
2.235,	 95%	 CI:	 1.256-3.977,	 P	 =	 .006),	 peritoneal	 dialysis	 dura-
tion	 (≥61.0	months)	 (HR:	 4.652,	 95%	CI:	 2.499-8.658,	P	 <	 .001),	
CRP	(≥4.7	mg/L)	(HR:	2.791,	95%	CI:	1.544-5.044,	P	=	.001),	SUA	

(≥409.4	μmol/L)	 (HR:	2.174,	95%	CI:	1.217-3.885,	P	=	 .009),	FBG	
(≥5.8	 mmol/L)	 (HR:	 3.315,	 95%	 CI:	 1.809-6.074,	 P	 <	 .001).	 and	
LDL-C	 (≥2.7	mmol/L)	 (HR:	2.449,	95%	CI:	1.361-4.407,	P	 =	 .003)	
were independent predictive factors for higher accumulating 
MACCE	 occurrence	 in	 ESRD	 patients	 who	 underwent	 CAPD	
(Table	3).

F I G U R E  2  MiR-497,	FGF-23,	and	miR-497/FGF-23	axis	relative	expressions.	The	miR-497	relative	expression	(A),	FGF-23	(B),	miR-497/
FGF-23	axis	(C),	and	association	of	miR-497	relative	expression	with	FGF-23	in	ESRD	patients	who	underwent	CAPD	(D).	MiR,	micro	RNA;	
FGF-23,	fibroblast	growth	factor-23;	ESRD,	end-stage	renal	disease;	CAPD,	continuous	ambulatory	peritoneal	dialysis

F I G U R E  3  Kaplan-Meier	curve	and	MACCE	occurrence.	Accumulating	MACCE	occurrence	(A),	MACCE	occurrence	rate	at	1,	2,	and	
3-year	(B)	in	ESRD	patients	who	underwent	CAPD.	MACCE,	major	adverse	cardiac	and	cerebral	event;	ESRD,	end-stage	renal	disease;	
CAPD,	continuous	ambulatory	peritoneal	dialysis
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4  | DISCUSSION

Continuous ambulatory peritoneal dialysis is a common and effec-
tive replacement therapy that assists renal function and improves 
quality	of	life	in	ESRD	patients.5	MACCE,	a	frequent	complication	in	
ESRD	patients	who	underwent	CAPD,	is	caused	by	the	thrombosis	
that	 is	 attributed	 by	 the	 disturbance	 of	 equilibrium	 between	 pro-
coagulation and anticoagulation activities.14	 It	 remains	 as	 a	major	
obstacle for improving prognosis in these patients.15	Therefore,	the	
present	study	was	performed	to	investigate	plasma	biomarkers	for	
predicting	MACCE	risk	and	assisting	MACCE	management	in	ESRD	
patients	who	underwent	CAPD.

From	 our	 previous	 study,	 FGF-23	 correlates	 with	 longer	 du-
ration	 of	 dialysis,	 higher	 calcium,	 phosphorus,	 and	 LDL-C	 levels	
as	well	as	predicts	reduced	accumulating	MACCE-free	survival	in	
ESRD	patients	who	underwent	CAPD.8	Besides,	 it	was	predicted	
that	FGF-23	was	 the	 target	gene	of	miR-497	 (obtained	 from	mi-
Randa	database	[www.micro	rna.org]).	MiR-497	expression	can	be	
found	in	almost	all	human	organs	and	tissues	(eg,	heart	and	brain),	
which is implied in various cardiac pathogenesis.9-11	For	instance,	
in	a	previous	cellular	experiment,	miR-497	regulates	CDCs	differ-
entiation via targeting transforming growth factor beta signaling 
pathway.9	And	in	a	mouse	model	of	I/R	injury,	miR-497	facilitates	
proliferation and suppresses apoptosis of cardiomyocytes via at-
tenuating	mitofusin	2	(Mfn2)	expression.10	In	cardiac	hypertrophy	
models,	 overexpression	 of	miR-497	 alleviates	myocardial	 hyper-
trophy	via	targeting	sirtuin	4	(Sirt4).11	Moreover,	miR-497	is	found	
to	trigger	ischemic	neuronal	death	via	suppressing	anti-apoptotic	
gene	(bcI-2	and	bcl-w)	expression,	which	 is	 implied	 in	the	patho-
genesis of cerebral ischemia.13	From	a	clinical	study,	miR-497	also	
exhibits	the	potency	to	be	a	prognostic	biomarker	 in	acute	cere-
bral	infarction	patients.	Known	that	FGF-23	is	a	predictive	indictor	
for	MACCE-free	survival	and	the	target	gene	of	miR-497	and	that	
miR-497	 plays	 a	 role	 in	 the	 pathogenesis	 of	 cardiovascular	 and	
cerebrovascular	 events,	 we	 speculated	 that	 miR-497	 might	 be	
correlated	with	the	risk	of	MACCE	via	interacting	with	FGF-23	in	
ESRD	patients	who	underwent	CAPD.

In	the	present	study,	360	ESRD	patients	who	underwent	CAPD	
were	recruited,	and	we	observed	that	miR-497	relative	expression	
was	 negatively	 correlated	 with	 FGF-23.	 Furthermore,	 the	 pres-
ent	 study	 exhibited	 that	miR-497	 high	 expression	 and	miR-497/
FGF-23	axis	high	level	were	both	associated	with	attenuated	accu-
mulating	MACCE	occurrence,	whereas	FGF-23	high	level	was	as-
sociated	with	elevated	accumulating	MACCE	occurrence	in	ESRD	
patients	 who	 underwent	 CAPD.	 Notably,	 miR-497/FGF-23	 axis	
presented with numerically better value in predicting accumulat-
ing	MACCE	 occurrence	 to	 some	 extent	 compared	with	miR-497	
or	 FGF-23	 alone.	 Besides,	miR-497/FGF-23	 axis	 high	 expression	
was an independent predictive factor for reduced accumulating 
MACCE	occurrence.	Herein,	several	explanations	were	proposed:	
(a)	FGF-23	might	activate	the	local	renin-angiotensin-aldosterone	
system to stimulate the cardiac hypertrophy and fibrosis in the 
heart;	 thereby,	 its	 high	 expression	 correlated	with	 increased	 ac-
cumulating	MACCE	occurrence	in	ESRD	patients	who	underwent	
CAPD.16	 (b)	MiR-497	might	 inhibit	 several	 genes	 (such	 as	Mfn2	
and	Sirt4)	to	enhance	proliferation	while	inhibit	apoptosis	of	car-
diomyocytes	and	dampen	inflammatory	responses	in	cardio-cere-
bral-vascular	system;	thereby,	its	high	expression	correlated	with	
lower	 accumulating	 MACCE	 occurrence	 in	 ESRD	 patients	 who	
underwent	CAPD.9-11	(c)	MiR-497	might	decrease	FGF-23	level	in	
cardiovascular	system,	which	subsequently	reduced	the	effect	of	
FGF-23	on	facilitating	the	heart	tissue	injury,	thus,	the	high	miR-
497/FGF-23	 axis	 level	 was	 associated	 with	 attenuated	 MACCE	
occurrence	 in	 ESRD	 patients.16,17	 Interestedly,	 miR-497/FGF-23	
axis	 was	 valuable	 for	 predicting	 long-term	 MACCE	 risk,	 which	
implied	that	the	potential	of	miR-497/FGF-23	axis	as	a	biomarker	
for	 assisting	with	 long-term	MACCE	management	 and	prognosis	
improvement	 in	ESRD	patients	who	underwent	CAPD	 in	 clinical	
practice.

Additionally,	 the	 present	 study	 showed	 that	 age	 (≥55	 years),	
BMI	 (≥21.7	 kg/m2),	 peritoneal	 dialysis	 duration	 (≥61.0	 months),	
CRP	 (≥4.7	mg/L),	 SUA	 (≥409.4	 μmol/L),	 FBG	 (≥5.8	mmol/L),	 and	
LDL-C	(≥2.7	mmol/L)	were	independent	predictive	factors	for	in-
creased	accumulating	MACCE	occurrence	 in	ESRD	patients	who	

F I G U R E  4  The	difference	of	accumulating	MACCE	occurrence	between	miR-497	high	vs	low,	FGF-23	high	vs	low,	miR-497/FGF-23	
high	vs	low	ESRD	patients.	Comparison	of	accumulating	MACCE	occurrence	between	miR-497	high	expression	vs	miR-497	low	expression	
(A),	FGF-23	high	level	vs	FGF-23	low	level	(B),	miR-497/FGF-23	axis	high	level	vs	miR-497/FGF-23	axis	low	level	(C)	ESRD	patients	who	
underwent	CAPD.	MACCE,	major	adverse	cardiac	and	cerebral	event;	miR,	micro	RNA;	FGF-23,	fibroblast	growth	factor-23;	ESRD,	end-
stage	renal	disease;	CAPD,	continuous	ambulatory	peritoneal	dialysis

http://www.microrna.org
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underwent	CAPD.	The	possible	reasons	were	as	follows:	(a)	Older	
patients tended to have multiple comorbidities such as diabetes 
and	 hypertension,	 thus,	 increasing	 the	 risk	 of	 MACCE	 in	 ESRD	
patients	 who	 underwent	 CAPD.	 (b)	 Higher	 BMI	 was	 associated	
with	 increased	 diabetes	 prevalence,	 elevated	 total	 cholesterol,	

triglyceride,	 and	 CRP	 levels,	 which	 was	 responsible	 for	MACCE	
occurrence.18	 (c)	 Patients	 with	 longer	 peritoneal	 dialysis	 du-
ration	 (≥61.0	 months)	 might	 have	 a	 poor	 renal	 function,	 which	
could	 cause	 weaker	 cellular	 take	 up	 and	 upregulate	 calcium	 as	
well	phosphorous	levels,	thus,	inducing	vascular	calcification	and	
higher	MACCE	occurrence.	(d)	Patients	who	had	higher	CRP	level	
exhibited	amplified	 inflammatory	 responses,	which	might	 induce	
carotid	atherosclerosis	and	cardiac	valve	calcification;	thereby,	ac-
celerating the occurrence of cardiovascular and cerebrovascular 
events.19	(e)	Elevated	SUA	level,	FBG,	and	LDL-C	might	be	associ-
ated with the development/progression of vascular disorders such 
as	atherosclerosis,	which	contributed	to	higher	cardiovascular	and	
cerebrovascular	risk	in	ESRD	patient	who	underwent	CAPD.20,21

Several	 limitations	 should	 be	 taken	 into	 consideration	 in	 the	
present	study.	Firstly,	patients	were	recruited	from	a	single	center,	
which might cause selection bias and limit the generalizability of 
the	findings.	Secondly,	the	follow-up	period	(36	months)	was	rel-
atively	short;	thereby,	the	predictive	values	of	miR-497	and	FGF-
23	for	 long-term	MACCE	occurrence	were	not	explored	 in	ESRD	
patients	who	underwent	CAPD.	Thirdly,	only	ESRD	patients	who	
underwent	CAPD	for	at	least	3	years	were	included,	which	might	
cause	 selection	bias	 and	 lack	 a	wide	 representation.	Although	 it	
was	 not	 the	 aim	 of	 our	 study,	 it	would	 be	 a	 clinical	 significance	
to	 explore	 the	 correlation	 of	miR-497/FGF-23	 axis	with	MACCE	
occurrence	in	ESRD	patients	who	underwent	CAPD	for	<3	years	
in	the	future.	Lastly,	the	detailed	molecular	mechanism	of	miR-497	
and	FGF-23	 in	 the	development	and	progression	of	MACCE	was	
not investigated.

In	conclusion,	miR-497/FGF-23	axis	holds	clinical	significance	as	
a	biomarker	for	predicting	MACCE	risk,	which	might	offer	 insights	

TA B L E  2  Univariate	Cox's	regression	model	analysis	of	factors	
predicting	accumulating	MACCE	occurrence

Items

Univariate Cox's proportional hazard 
regression

P value HR

95% CI

Low High

MiR-497	high .037 0.556 0.320 0.966

FGF-23	high .009 2.123 1.205 3.738

MiR-497/FGF-23	
axis high

.001 0.359 0.198 0.651

Age	(≥55	y) .017 1.973 1.129 3.449

Gender	(male) .713 0.901 0.515 1.574

BMI	(≥21.7	kg/m2) .032 1.829 1.052 3.177

Smoke	(yes) .846 1.068 0.551 2.070

Drink	(yes) .431 1.305 0.673 2.530

Peritoneal dialysis 
duration	(≥61	mo)

.001 2.793 1.540 5.067

Kt/V	(≥1.8) .790 0.930 0.545 1.586

HB	(≥103.6	g/L) .161 1.475 0.857 2.538

WBC	(≥7.9	×	109/L) .797 1.073 0.629 1.829

PLT	(≥212.0	×	109/L) .521 0.839 0.492 1.433

CRP	(≥4.7mg/L) .001 2.577 1.437 4.621

Scr	(≥922.8	μmol/L) .775 1.081 0.634 1.844

SUA	
(≥409.4	μmol/L)

.038 1.797 1.034 3.121

Ca	(≥2.2	mmol/L) .342 1.297 0.758 2.219

Phosphorus 
(≥1.6	mmol/L)

.749 1.091 0.640 1.861

FBG	(≥5.8	mmol/L) .016 1.992 1.140 3.483

ALB	(≥38.8	g/L) .143 0.667 0.387 1.147

SBP	(≥137.0	mm	Hg) .080 1.631 0.944 2.819

DBP	(≥83.0	mm	Hg) .537 0.845 0.495 1.442

TG	(≥1.7	mmol/L) .364 1.282 0.750 2.193

TC	(≥4.6	mmol/L) .042 1.776 1.022 3.085

LDL-C	
(≥2.7	mmol/L)

.019 1.952 1.116 3.412

HDL-C	
(≥1.0	mmol/L)

.773 0.924 0.542 1.577

Abbreviations:	ALB,	albumin;	BMI,	body	mass	index;	Ca,	calcium;	CI,	
confidence	interval;	CRP,	C-reactive	protein;	DBP,	diastolic	blood	
pressure;	FBG,	β-fibrinogen;	FGF-23,	fibroblast	growth	factor-23;	HB,	
hemoglobin;	HDL-C,	high-density	lipoprotein	cholesterol;	HR,	hazard	
ratio;	LDL-C,	low-density	lipoprotein	cholesterol;	MACCE,	major	
adverse	cardiovascular	and	cerebrovascular	events;	miR,	microRNA;	
PLT,	platelet;	SBP,	systolic	pressure;	Scr,	serum	creatinine;	SUA,	serum	
uric	acid;	TC,	total	cholesterol;	TG,	triglyceride;	WBC,	white	blood	cell.

TA B L E  3  Forward	stepwise	multivariate	Cox's	regression	model	
analysis	of	factors	predicting	accumulating	MACCE	occurrence

Items

Forward stepwise Cox's multivariate 
regression

P value HR

95% CI

Low High

MiR-497/FGF-23	
axis high

.008 0.445 0.244 0.812

Age	(≥55	y) <.001 3.153 1.747 5.692

BMI	(≥21.7	kg/m2) .006 2.235 1.256 3.977

Peritoneal dialysis 
duration	(≥61.0	mo)

<.001 4.652 2.499 8.658

CRP	(≥4.7	mg/L) .001 2.791 1.544 5.044

SUA	(≥409.4	μmol/L) .009 2.174 1.217 3.885

FBG	(≥5.8	mmol/L) <.001 3.315 1.809 6.074

LDL-C	(≥2.7	mmol/L) .003 2.449 1.361 4.407

Abbreviations:	BMI,	body	mass	index;	CI,	confidence	interval;	CRP,	
C-reactive	protein;	FBG,	β-fibrinogen;	FGF-23,	fibroblast	growth	
factor-23;	HR,	hazard	ratio;	LDL-C,	low-density	lipoprotein	cholesterol;	
MACCE,	major	adverse	cardiovascular	and	cerebrovascular	events;	miR,	
microRNA;	SUA,	serum	uric	acid.
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for	the	identification	and	management	of	MACCE	in	ESRD	patients	
who	underwent	CAPD.
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