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  [摘要] 心房颤动是临床上最常见的心律失常,易发生血栓栓塞、脑卒中、心力衰竭等并发症,具有较高的

发病率和病死率。血小板/淋巴细胞比值(PLR)是血栓/炎症通路的综合反映,且通过血常规很容易计算。而

血栓和炎症与心血管疾病的发生、发展密切相关。国内外多项研究发现,PLR与心房颤动的发生、预后、并发症

及冠心病并发心房颤动有着密切关系,现就PLR与心房颤动的相关性作一综述。
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  [Abstract] Atrial

 

fibrillation
 

is
 

the
 

most
 

common
 

arrhythmia
 

in
 

clinical
 

practice,which
 

is
 

prone
 

to
 

thromboembolism,stroke,heart
 

failure
 

and
 

other
 

complications,with
 

high
 

morbidity
 

and
 

mortality.The
 

plate-
let

 

to
 

lymphocyte
 

ratio
 

(PLR)
 

is
 

a
 

comprehensive
 

reflection
 

of
 

the
 

thrombotic/inflammatory
 

pathway,and
 

is
 

easily
 

calculated
 

by
 

blood
 

routine
 

test.Thrombosis
 

and
 

inflammation
 

are
 

closely
 

related
 

to
 

the
 

occurrence
 

and
 

development
 

of
 

cardiovascular
 

diseases.Many
 

studies
 

at
 

home
 

and
 

abroad
 

have
 

found
 

that
 

PLR
 

is
 

closely
 

relat-
ed

 

to
 

the
 

occurrence,prognosis,complications
 

of
 

atrial
 

fibrillation,and
 

coronary
 

heart
 

disease
 

complicated
 

with
 

atrial
 

fibrillation.This
 

article
 

reviewed
 

the
 

correlation
 

between
 

PLR
 

and
 

atrial
 

fibrillation.
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  心房颤动是临床常见的一种心律失常疾病,其发

病率会随着年龄的增长而逐渐升高,主要危害有易发

生血栓栓塞、脑卒中、心力衰竭等并发症,具有致残、
致死的风险[1-2]。心房颤动的产生、维持和复发机制

目前尚未完全明确,当前研究发现与炎症反应、氧化

应激等机制相关[3-5]。血小板/淋巴细胞比值(platelet
 

to
 

lymphocyte
 

ratio,PLR)近年来被证明在某些情况

下是一种有用的指标[6]。PLR通过血常规很容易计

算出来,是血栓/炎症通路的综合反映[7]。而血栓和

炎症与心血管疾病的发生与病程进展密切相关[8-9]。
国内外多项临床研究发现,PLR与多种心血管疾病的

发生、发展密切相关[10-12]。此外,PLR与心房颤动的

发生、预后、并发症及其他疾病并发心房颤动有着密

切的关系,本文就 PLR与心房颤动的相关性作一

综述。
1 心房颤动的发生和维持机制

  心房颤动的发生和维持机制尚未完全明确,但有

部分学说和共识已得到国内外专家的认可,其中电生

理机制及病理生理学机制被认为在心房颤动的发生

和维持中的扮演着重要的角色[13]。心房颤动的电生

理机制主要包括触发机制和维持机制。其中触发机

制主要指肺静脉异位兴奋灶发放的快速冲动;而维持

机制尚未完全明确,主要包括多发子波折返、转子样

激动学说、局灶激动等多个假说。多种因素参与心房

颤动的发生、发展,且心房颤动的发作需要触发因素,
维持需要相应的基质。心房颤动的病理生理学机制
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较为复杂,主要包括心房的结构重构及电重构、炎症

反应、氧化应激反应、自主神经系统的作用、肾素-血管

紧张素-醛固酮系统的激活等。TSIACHRIS等[5]认

为炎症和氧化应激的相互作用,可进一步加剧心房肌

细胞的损伤、坏死、凋亡和纤维化,导致心房的结构重

构和电重构,从而促进房颤的发生和维持。SCHIF-
FRIN等[14]发现炎症可通过免疫系统、炎症介质进一

步导致血管重塑、动脉粥样硬化、高血压的发生,从而

增加心房颤动的发生风险。
2 PLR的血栓/炎症学说

  血小板释放血栓素、促炎趋化因子、生长因子(如
转化生长因子b1、血管内皮生长因子、胰岛素生长因

子、血小板衍生生长因子)和细胞因子等,参与血管炎

症和血栓形成[15-17]。血小板活化在冠状动脉疾病的

所有步骤中起着重要作用[18]。活化的血小板参与动

脉粥样硬化斑块破裂或内皮细胞侵蚀的血栓形成,促
进动脉粥样硬化血栓性疾病的发展或不良心血管事

件的发生[19]。另一方面,淋巴细胞计数是生理应激的

一个指标[20],并且与炎症呈负相关;较低的淋巴细胞

计数表明生理应激和总体健康状况较差[21-22],也代表

心血管风险和病死率的增加[23-24]。
3 PLR与心房颤动本身的相关性

  AKDAG等[25]在一项96例非瓣膜性心房颤动患

者与52例窦性心律患者的对照研究中发现,PLR在

非瓣膜性心房颤动患者中明显升高。此外,有研究认

为,PLR升高表现为血小板体积增加和淋巴细胞计数

减少,实际上可能通过血液黏度引发炎症恶化,增加

心肌组织缺血引起心房颤动的风险[26]。而国内外早

已有多项研究表明平均血小板体积与心房颤动有着

密切关系。国内学者研究发现,心房颤动患者的平均

血小板体积水平较高,其中有研究发现平均血小板体

积增高与心房颤动患者的伴随疾病(如高血压、冠心

病、心力衰竭等)密切相关[27],也有研究证实心房颤动

本身可以导致血小板活化和平均血小板体积增高[28]。
国外学者TEKIN等[29]在一项107

 

例非瓣膜性心房

颤动患者和112例窦性心律患者的对照研究中发现,
平均血小板体积在非瓣膜性心房颤动患者中明显升

高。因此,PLR与心房颤动本身有着密切的关系。
4 PLR与心房颤动预后及并发症的相关性

  在DERELI等[30]的一项研究中,对直流电转复

成功后的非瓣膜性持续性心房颤动患者进行6个月

的随访,发现PLR升高是炎症进展的标志,PLR越高

非瓣膜性持续性心房颤动患者电复律后复发的风险

越高,PLR可以作为一个实用且廉价的复发预测指

标。AKDAG等[25]还发现高CHA2DS2-VASc评分

患者PLR水平明显升高,PLR与非瓣膜性心房颤动

患者的血栓栓塞风险有着密切的关系。ALTINTAS
等

 [31]在一项关于48例新诊断的合并无症状性脑栓

塞的非瓣膜性心房颤动患者PLR水平的研究中发

现,高水平PLR组出现栓塞的概率明显升高,且认为

高水平PLR可能是低CHA2DS2-VASc评分非瓣膜

性心房颤动患者发生血栓栓塞的危险因素。因此,
PLR与心房颤动发生血栓栓塞有着密切的关系,PLR
越高心房颤动患者并发脑卒中的风险越高。
5 PLR与冠心病并发心房颤动的相关性

  心房颤动是冠状动脉搭桥术后最常见的心律失

常,其发生率在25%~40%,是血栓栓塞、心力衰竭、
肾功 能 不 全、病 死 率 和 住 院 时 间 延 长 的 预 测 因

子[32-33]。冠状动脉搭桥术后并发心房颤动被认为是

各种促炎细胞因子介导的全身炎症的作用,如白细胞

介素-6(IL-6)和肿瘤坏死因子α(TNF-α)[34]。近年来

不乏PLR与冠状动脉搭桥术后并发心房颤动的相关

性研究。在一项回顾性研究中,GUNGOR等[35]发

现,术前PLR和年龄与冠状动脉外科术后心房颤动

的发生独立相关,术前PLR越高术后并发心房颤动

的风险越大。在另一项研究中,SASKIN等[36]对916
例冠状动脉搭桥术后患者进行回顾性分析发现,术前

PLR是冠状动脉搭桥术后并发心房颤动的独立预测

因子。在一项国内研究中发现,PLR对老年男性急性

心肌梗死患者入院后新发心房颤动具有良好的独立

预测能力,PLR越高新发心房颤动的风险越大[37]。
6 PLR与其他心血管疾病的相关性

  PLR与多种心血管疾病的发病机制和病程进展

密切相关。在冠心病方面,国 外 学 者 LARMANN
等[10]研究发现PLR与冠心病患者围手术期心血管不

良事件的发生相关,计算术前PLR可以使护理人员

更准确地预测接受非心脏手术的冠心病患者围手术

期心血管事件。国内学者陆志锋等[38]研究发现,PLR
是急性ST段抬高型心肌梗死(ST

 

segment
 

elevation
 

myocardial
 

infarction,STEMI)患者直接经皮冠状动脉

介入治疗(percutaneous
 

coronary
 

intervention,PCI)术后

发生心肌微循环障碍的预测因素,并具有良好的灵敏

度和特异度。在心力衰竭方面,有研究发现较高水平

的PLR与急性心力衰竭患者不良的临床结局相关,
可能是急性心力衰竭治疗中的一个新指标[39]。在高

血压病方面,刘莉等[40]研究发现PLR水平有助于判

断高血压的昼夜节律,非杓型高血压患者PLR水平

明显高于杓型高血压患者,而且PLR≥107是非杓型

高血压的独立预测因子;GOGOI等[41]通过比较先兆

子痫妇女和血压正常孕妇的中性粒细胞与淋巴细胞比

值(neutrophil-to-lymphocyte
 

ratio,NLR)、PLR和血小

板指数,发现子痫前期妇女的炎症标志物NLR、PLR、
红细胞分布宽度(red

 

blood
 

cell
 

distribution
 

width,
RDW)和平均血小板体 积(mean

 

platelet
 

volume,
MPV)较高,测量NLR和PLR可能有助于预测产前

随访期间高危女性的先兆子痫。在心脏瓣膜病方面,
国外的一项研究中发现,人工瓣膜血栓形成(prothetic

 

valve
 

thrombosis,PVT)是一种潜在的危及生命的并
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发症,具有较高的发病率和病死率,与功能正常的假

体患者相比,PVT患者NLR、PLR和C反应蛋白(C-
reactive

 

protein,CRP)水平升高,PLR升高是二尖瓣

PVT的独立预测因素[42];此外,从SAHIN等[43]的研

究中可知,左房云雾影(left
 

atrial
 

spontaneous
 

echo
 

contrast,SEC)是一种烟状回声,伴有典型的左心房腔

或左心耳内血液的漩涡运动,是血栓形成前状态的标

志,PRL水平与二尖瓣狭窄患者SEC有一定的相关

性,PRL≥123预测二尖瓣狭窄患者SEC的灵敏度为

71%,特异度为52%。以上研究表明,PLR与多种心

血管疾病有着密切关系。
7 小结与展望

  PLR是近年来新发现的炎症指标,该指标简便易

得且稳定性较强。血小板释放血栓素、促炎趋化因

子、生长因子和细胞因子等,参与血管炎症和血栓形

成,淋巴细胞计数是生理应激的一个指标,与炎症呈

负相关。心房颤动的产生、维持和复发机制尚未完全

明确,但与炎症反应、氧化应激等机制密切相关。而

PLR与心房颤动关系的探索是目前一个较新的领域。
虽然PLR与心房颤动的产生、维持、复发有着密切的

关系,但其具体机制尚未完全明确,高PLR水平增加

心房颤动患者发生血栓栓塞及脑卒中的风险,对患者

预后有一定的影响;同时,高PLR水平也易导致冠心

病患者并发心房颤动。因此,密切监测PLR水平,有
助于减少心房颤动的发生,改善心房颤动患者的预

后,减少心房颤动并发症和冠心病并发心房颤动的

发生。

参考文献

[1] WESTERMAN
 

S,WENGER
 

N.Gender
 

differ-
ences

 

in
 

atrial
 

fibrillation:a
 

review
 

of
 

epidemi-
ology,management,and

 

outcomes[J].Curr
 

Cardiol
 

Rev,2019,15(2):136-144.
[2] HIJAZI

 

Z,OLDGREN
 

J,LINDBÄCK
 

J,et
 

al.A
 

biomarker-based
 

risk
 

score
 

to
 

predict
 

death
 

in
 

patients
 

with
 

atrial
 

fibrillation:the
 

ABC
 

(age,
biomarkers,clinical

 

history)
 

death
 

risk
 

score
[J].Eur

 

Heart
 

J,2018,39(6):477-485.
[3] OIKONOMOU

 

E,ZOGRAFOS
 

T,PAPAMIK-
ROULIS

 

G
 

A,et
 

al.Biomarkers
 

in
 

atrial
 

fibril-
lation

 

and
 

heart
 

failure[J].Curr
 

Med
 

Chem,
2019,26(5):873-887.

[4] TSIOUFIS
 

C,KONSTANTINIDIS
 

D,NIKOL
 

AKOPOULOS
 

I,et
 

al.Biomarkers
 

of
 

atrial
 

fi-
brillation

 

in
 

hypertension[J].Curr
 

Med
 

Chem,
2019,26(5):888-897.

[5]TSIACHRIS
 

D,GIANNOPOULOS
 

G,DEFTE
 

REOS
 

S,et
 

al.Biomarkers
 

determining
 

progno-

sis
 

of
 

atrial
 

fibrillation
 

ablation[J].Curr
 

Med
 

Chem,2019,26(5):925-937.
[6] GASPARYAN

 

A
 

Y,AYVAZYAN
 

L,MUKA
 

NOVA
 

U,et
 

al.The
 

Platelet-to-lymphocyte
 

ra-
tio

 

as
 

an
 

inflammatory
 

marker
 

in
 

rheu-matic
 

diseases[J].Ann
 

Lab
 

Med,2019,39(4):345-
357.

[7] KURTUL
 

A,ORNEK
 

E.Platelet
 

to
 

lympho-
cyte

 

ratio
 

in
 

cardiovascular
 

diseases:a
 

system-
atic

 

review[J].Angiology,2019,70(9):802-
818.

[8]LI
 

H
 

Y,SUN
 

K,ZHAO
 

R
 

P,et
 

al.Inflammato-
ry

 

biomarkers
 

of
 

coronary
 

heart
 

disease[J].
Front

 

Biosci
 

(Schol
 

Ed),2017,10:185-196.
[9] LIANG

 

F,WANG
 

Y.Coronary
 

heart
 

disease
 

and
 

atrial
 

fibrillation:a
 

vicious
 

cycle[J].Am
 

J
 

Physiol
 

Heart
 

Circ
 

Physiol,2021,320(1):H1-12.
[10]LARMANN

 

J,HANDKE
 

J,SCHOLZ
 

A
 

S,et
 

al.
Preoperative

 

neutrophil
 

to
 

lymphocyte
 

ratio
 

and
 

platelet
 

to
 

lymphocyte
 

ratio
 

are
 

associated
 

with
 

major
 

adverse
 

cardiovascular
 

and
 

cerebrovascular
 

events
 

in
 

coronary
 

heart
 

disease
 

patients
 

undergo-
ing

 

non-cardiac
 

surgery[J].BMC
 

Cardiovasc
 

Dis-
ord,2020,20(1):230.

[11]LI
 

X
 

T,FANG
 

H,LI
 

D,et
 

al.Association
 

of
 

plate-
let

 

to
 

lymphocyte
 

ratio
 

with
 

in-hospital
 

major
 

adverse
 

cardiovascular
 

events
 

and
 

the
 

severity
 

of
 

coronary
 

artery
 

disease
 

assessed
 

by
 

the
 

Gensini
 

score
 

in
 

patients
 

with
 

acute
 

myocardial
 

infarction[J].Chin
 

Med
 

J
 

(Engl),2020,133
(4):415-423.

[12]KOUNIS
 

N
 

G,KONIARI
 

I,PLOTAS
 

P,et
 

al.
Inflammation,thrombosis,and

 

Platelet-to-
Lymphocyte

 

ratio
 

in
 

acute
 

coronary
 

syndromes
[J].Angiology,2021,72(1):6-8.

[13]黄从新,张澍,黄德嘉,等.心房颤动:目前的认

识和治疗的建议-2018[J].中国心脏起搏与心电

生理杂志,2018,32(4):315-368.
 

[14]SCHIFFRIN
 

E
 

L.The
 

immune
 

system:role
 

in
 

hypertension[J].Can
 

J
 

Cardiol,2013,29(5):
543-548

[15]BAKOGIANNIS
 

C,SACHSE
 

M,STAMATE-
LOPOULOS

 

K,et
 

al.Platelet-derived
 

chemo-
kines

 

in
 

inflammation
 

and
 

atherosclero-sis[J].
Cytokine,2019,122:154157.

[16]KOJOK
 

K,EL-KADIRY
 

A
 

E,MERHI
 

Y.Role
 

of
 

NF-κB
 

in
 

platelet
 

function[J].Int
 

J
 

Mol
 

Sci,
2019,20(17):4185.

[17]IBA
 

T,LEVY
 

J
 

H.Inflammation
 

and
 

thrombo-

5212重庆医学2022年6月第51卷第12期



sis:roles
 

of
 

neutrophils,platelets
 

and
 

endothe-
lial

 

cells
 

and
 

their
 

interactions
 

in
 

thrombus
 

for-
mation

 

during
 

sepsis[J].J
 

Thromb
 

Haemost,
2018,16(2):231-241.

[18]TSIARA
 

S,ELISAF
 

M,JAGROOP
 

I
 

A,et
 

al.
Platelets

 

as
 

predictors
 

of
 

vascular
 

risk:is
 

there
 

a
 

practical
 

index
 

of
 

platelet
 

activity? [J].Clin
 

Appl
 

Thromb
 

Hemost,2003,9(3):177-190.
[19]MARX

 

C,NOVOTNY
 

J,SALBECK
 

D,et
 

al.
Eosinophil-platelet

 

interactions
 

promote
 

ather-
osclerosis

 

and
 

stabilize
 

thrombosis
 

with
 

eosino-
phil

 

extracellular
 

traps[J].Blood,2019,134
(21):1859-1872.

[20]ZHANG
 

S,DIAO
 

J,QI
 

C,et
 

al.Predictive
 

val-
ue

 

of
 

neutrophil
 

to
 

lymphocyte
 

ratio
 

in
 

patients
 

with
 

acute
 

ST
 

segment
 

elevation
 

myocardial
 

in-
farction

 

after
 

percutaneous
 

coronary
 

interven-
tion:a

 

meta-analysis[J].BMC
 

Cardiovasc
 

Dis-
ord,2018,18(1):75.

[21]FORGET
 

P,KHALIFA
 

C,DEFOUR
 

J
 

P,et
 

al.
What

 

is
 

the
 

normal
 

value
 

of
 

the
 

neutrophil-to-
lymphocyte

 

ratio? [J].BMC
 

Res
 

Notes,2017,
10(1):12.

[22]QIN
 

L,JING
 

X,QIU
 

Z,et
 

al.Aging
 

of
 

immune
 

system:immune
 

signature
 

from
 

peripheral
 

blood
 

lymphocyte
 

subsets
 

in
 

1
 

068
 

healthy
 

adults[J].
Aging

 

(Albany
 

NY),2016,8(5):848-859.
[23]LI

 

H,LU
 

X,XIONG
 

R,et
 

al.High
 

neutrophil-
to-lymphocyte

 

ratio
 

predicts
 

cardiovascular
 

mortality
 

in
 

chronic
 

hemodialysis
 

patients[J].
Mediators

 

Inflamm,2017,2017:9327136.
[24]KIM

 

S,ELIOT
 

M,KOESTLER
 

D
 

C,et
 

al.As-
sociation

 

of
 

neutrophil-to-lymphocyte
 

ratio
 

with
 

mortality
 

and
 

cardiovascular
 

disease
 

in
 

the
 

Jackson
 

heart
 

study
 

and
 

modification
 

by
 

the
 

duffy
 

antigen
 

variant[J].JAMA
 

Cardiol,2018,
3(6):455-462.

[25]AKDAG
 

S,SIMSEK
 

H,SAHIN
 

M,et
 

al.Asso-
ciation

 

of
 

epicardial
 

adipose
 

tissue
 

thickness
 

and
 

inflammation
 

parameters
 

with
 

CHA2DS2-
VASASc

 

score
 

in
 

patients
 

with
 

nonvalvular
 

at-
rial

 

fibrillation[J].Ther
 

Clin
 

Risk
 

Manag,
2015,11:1675-1681.

[26]GUNGOR
 

H,ERYILMAZ
 

U,AKGULLU
 

C,
et

 

al.Preoperative
 

poor
 

coronary
 

collateral
 

cir-
culation

 

can
 

predict
 

the
 

development
 

of
 

atrial
 

fibrillation
 

after
 

coronary
 

artery
 

bypass
 

graft
 

surgery[J].Coron
 

Artery
 

Dis,2013,24(7):
572-576.

[27]CHOUDHURY
 

A,CHUNG
 

I,BLANN
 

A
 

D,et
 

al.Elevated
 

platelet
 

microparticle
 

levels
 

in
 

non-
valvular

 

atrial
 

fibrillation:relationship
 

to
 

p-se-
lectin

 

and
 

antithrombotic
 

therapy[J].Chest,
2007,131(3):809-815

[28]MAKOWSKI
 

M,BAJ
 

Z.Platelet
 

reactivity
 

and
 

mean
 

platelet
 

volume
 

as
 

risk
 

markers
 

of
 

throm-
bogenesis

 

in
 

atrial
 

fibrillation[J].Int
 

J
 

Cardiol,
2017,244:204.

[29]TEKIN
 

G,TEKIN
 

Y
 

K,SIVRI
 

N,et
 

al.Mean
 

platelet
 

volume
 

in
 

patients
 

with
 

nonvalvular
 

at-
rial

 

fibrillation[J].Blood
 

Coagul
 

Fibrinolysis,
2013,24(5):537-539.

[30]DERELI
 

S,BAYRAMOGLU
 

A,YONTAR
 

O
 

C.Usefulness
 

of
 

platelet
 

to
 

lymphocyte
 

ratio
 

for
 

predicting
 

recurrence
 

of
 

atrial
 

fibrillation
 

after
 

direct
 

current
 

cardioversion[J].Ann
 

Non-
invasive

 

Electrocardiol,2019,24(2):e12616.
[31]ALTINTAS

 

O,TASAL
 

A,NIFTALIYEV
 

E,
et

 

al.Association
 

of
 

platelet-to-lymphocyte
 

ra-
tio

 

with
 

silent
 

brain
 

infarcts
 

in
 

patients
 

with
 

paroxysmal
 

atrial
 

fibrillation[J].Neurol
 

Res,
2016,38(9):753-758.

[32]MAISEL
 

W
 

H,RAWN
 

J
 

D,STEVENSON
 

W
 

G.Atrial
 

fibrillation
 

after
 

cardiac
 

surgery[J].
Ann

 

Intern
 

Med,2001,135(12):1061-1073.
[33]MATHEW

 

J
 

P,FONTES
 

M
 

L,TUDOR
 

I
 

C,et
 

al.A
 

multicenter
 

risk
 

index
 

for
 

atrial
 

fibrilla-
tion

 

after
 

cardiac
 

surgery[J].JAMA,2004,291
(14):1720-1729.

[34]ANSELMI
 

A,POSSATI
 

G,GAUDINO
 

M.Post-
operative

 

inflammatory
 

reaction
 

and
 

atrial
 

fi-
brillation:simple

 

correlation
 

or
 

causation?
[J].Ann

 

Thorac
 

Surg,2009,88(1):326-333.
[35]GUNGOR

 

H,BABU
 

A
 

S,ZENCIR
 

C,et
 

al.As-
sociation

 

of
 

preoperative
 

Platelet-to-Lympho-
cyte

 

ratio
 

with
 

atrial
 

fibrillation
 

after
 

coronary
 

artery
 

bypass
 

graft
 

surgery[J].Med
 

Princ
 

Pract,2017,26(2):164-168.
[36]SASKIN

 

H,DÜZYOL
 

Ç,ÖZCAN
 

K
 

S,et
 

al.
Preoperative

 

platelet
 

to
 

lymphocyte
 

ratio
 

is
 

as-
sociated

 

with
 

early
 

morbidity
 

and
 

mortality
 

af-
ter

 

coronary
 

artery
 

bypass
 

grafting[J].Heart
 

Surg
 

Forum,2015,18(6):E255-262.
[37]朱琳,刘惠亮,张晓静,等.血小板/淋巴细胞比

值评估老年男性急性心肌梗死后新发房颤的应

用价值[J].武警医学,2020,31(3):229-232.
 

[38]陆志锋,陈晞明,王世祥.PDW 和PLR对急性

SETMI患者PPCI后心肌微(下转第2130页)

6212 重庆医学2022年6月第51卷第12期



[17]田晖艳,刘羽,黄姣祺,等.表面增强拉曼散射技

术在核酸检测中的研究进展及应用[J].光谱学

与光谱分析,2020,40(10):3021-3028.
[18]RISE

 

Consortium.Metabolic
 

contrasts
 

between
 

youth
 

and
 

adults
 

with
 

impaired
 

glucose
 

toler-
ance

 

or
 

recently
 

diagnosed
 

type
 

2
 

diabetes:I.
observations

 

using
 

the
 

hyperglycemic
 

clamp
[J].Diabetes

 

Care,2018,41(8):1696-1706.
[19]PANDEY

 

R,PAIDI
 

S
 

K,VALDEZ
 

T
 

A,et
 

al.
Noninvasive

 

monitoring
 

of
 

blood
 

glucose
 

with
 

Raman
 

spectroscopy[J].Acc
 

Chem
 

Res,2017,
50(2):264-272.

[20]LUNDSGAARD-NIELSEN
 

S
 

M,PORS
 

A,BAN
 

KE
 

S
 

O,et
 

al.Critical-depth
 

Raman
 

spectrosco-
py

 

enables
 

home-use
 

non-invasive
 

glucose
 

mo-
nitoring[J].PLoS

 

One,2018,13(5):197-134.
 

[21]SINGH
 

S
 

P,MUKHERJEE
 

S,GALINDO
 

L
 

H,et
 

al.Evaluation
 

of
 

accuracy
 

dependence
 

of
 

Raman
 

spectroscopic
 

models
 

on
 

the
 

ratio
 

of
 

calibration
 

and
 

validation
 

points
 

for
 

non-invasive
 

glucose
 

sensing[J].Anal
 

Bioanal
 

Chem,2018,410(25):
6469-6475.

[22]NARGIS
 

H
 

F,NAWAZ
 

H,DITTA
 

A,et
 

al.Ra-
man

 

spectroscopy
 

of
 

blood
 

plasma
 

samples
 

from
 

breast
 

cancer
 

patients
 

at
 

different
 

stages
[J].Spectrochim

 

Acta
 

A
 

Mol
 

Biomol
 

Spec-
trosc,2019,222:117210.

[23]LI
 

N,ZANG
 

H,SUN
 

H,et
 

al.A
 

noninvasive
 

accurate
 

measurement
 

of
 

blood
 

glucose
 

levels
 

with
 

Raman
 

spectroscopy
 

of
 

blood
 

in
 

microves-
sel[J].Molecules,2019,24(8):1500.

[24]BRATCHENKO
 

I
 

A,ARTEMYEV
 

D
 

N,KH
 

RISTOFOROVA
 

Y
 

A,et
 

al.Use
 

of
 

Raman
 

spectroscopy
 

to
 

screen
 

diabetes
 

mellitus
 

with
 

machine
 

learning
 

tools:comment[J].Biomed
 

Opt
 

Express,2019,10(9):4489-4491.
[25]颜凡,朱启兵,黄敏,等.基于拉曼光谱的已知混

合物组分定量分析方法[J].光谱学与光谱分析,
2020,40(11):3594-3600.

[26]BEATTIE
 

J
 

R,SOPHOCLEOUS
 

A,CARAHER
 

M
 

C,et
 

al.Raman
 

spectroscopy
 

as
 

a
 

predictive
 

tool
 

for
 

monitoring
 

osteoporosis
 

therapy
 

in
 

a
 

rat
 

model
 

of
 

postmenopausal
 

osteoporosis[J].J
 

Mater
 

Sci
 

Mater
 

Med,2019,30(2):25.
[27]董海胜,张丽芬,钟悦,等.拉曼光谱结合偏最小

二乘法测定血清胆固醇含量[J].光谱学与光谱

分析,2013,33(5):1253-1256.
[28]任肖锋,郑大威,王惠琴,等.基于便携式表面增

强拉曼光谱仪检测血红蛋白[J].分析科学学报,
2020,36(2):299-303.

[29]DINGARI
 

N
 

C,HOROWITZ
 

G
 

L,KANG
 

J
 

W,et
 

al.Raman
 

spectroscopy
 

provides
 

a
 

powerful
 

di-
agnostic

 

tool
 

for
 

accurate
 

determination
 

of
 

al-
bumin

 

glycation[J].PLoS
 

One,2012,7(2):
e32406.

[30]GUEVARA
 

E,TORRES-GALVÁN
 

J
 

C,RAMÍR
 

EZ-ELÍAS
 

M
 

G,et
 

al.Use
 

of
 

Raman
 

spectrosco-
py

 

to
 

screen
 

diabetes
 

mellitus
 

with
 

machine
 

learning
 

tools[J].Biomed
 

Opt
 

Express,2018,9
(10):4998-5010.

(收稿日期:2021-11-18 修回日期:2022-02-08)

(上接第2126页)
  循环障碍的预测价值[J].重庆医学,2019,48

(8):1367-1369.
 

[39]YE
 

G
 

L,CHEN
 

Q,CHEN
 

X,et
 

al.The
 

prog-
nostic

 

role
 

of
 

platelet-to-lymphocyte
 

ratio
 

in
 

pa-
tients

 

with
 

acute
 

heart
 

failure:a
 

cohort
 

study[J].
Sci

 

Rep,2019,9(1):10639.
[40]刘莉,叶鹏.杓型与非杓型高血压患者的中性粒

细胞与淋巴细胞比值和血小板与淋巴细胞比值

[J].中华高血压杂志,2013,21(8):774.
 

[41]GOGOI
 

P,SINHA
 

P,GUPTA
 

B,et
 

al.Neutro-
phil-to-lymphocyte

 

ratio
 

and
 

platelet
 

indices
 

in
 

pre-eclampsia[J].Int
 

J
 

Gynaecol
 

Obstet,2019,

144(1):16-20.
[42]GÜRSOY

 

O
 

M,KARAKOYUN
 

S,KALÇIK
 

M,et
 

al.Usefulness
 

of
 

novel
 

hematologic
 

in-
flammatory

 

parameters
 

to
 

predict
 

prosthetic
 

mitral
 

valve
 

thrombosis[J].Am
 

J
 

Cardiol,
2014,113(5):860-864.

[43]SAHIN
 

O,SAVAS
 

G.Relationship
 

between
 

presence
 

of
 

spontaneous
 

echo
 

contrast
 

and
 

platelet-to-lymphocyte
 

ratio
 

in
 

patients
 

with
 

mitral
 

stenosis[J].Echocardiography,2019,36
(5):924-929.

(收稿日期:2021-11-18 修回日期:2022-02-22)

0312 重庆医学2022年6月第51卷第12期


