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【摘要】  目的　采用双样本孟德尔随机化（Mendelian randomization, MR）探究凝血功能〔血管性血友病因子（von

Willebrand factor, vWF）、血管性血友病因子裂解酶（a disintegrin and metalloproteinase with thrombospondin type 1 motif,

member 13, ADAMTS13）、活化部分凝血活酶时间（activated partial thromboplastin time, APTT）、凝血因子8（coagulation

factor Ⅷ, FⅧ）、凝血因子11（coagulation factor Ⅺ, FⅪ）、凝血因子7（coagulation factor Ⅶ, FⅦ）、凝血因子10（coagulation

factor Ⅹ, FⅩ）、内源性凝血酶生成潜能（endogenous thrombin potential, ETP）、血浆纤溶酶原激活抑制剂1（plasminogen

activator inhibitor-1, PAI-1）、蛋白C（protein C）、纤溶酶（plasmin）〕与妊娠期糖尿病之间的因果关联，为凝血功能与妊娠期

糖尿病发病关联提供遗传学证据支持。方法　通过R包TwoSampleMR（v 0.5.6）对IEU OpenGWAS数据库进行访问，获取妊

娠期糖尿病GWAS摘要统计数据。采用逆方差加权法（inverse-variance weighted method, IVW）、MR-Egger法、加权中位数

法（weighted median method, WM）对11种凝血功能指标与妊娠期糖尿病之间的因果关联进行MR分析。结果　本研究利

用GWAS妊娠期糖尿病汇总统计数据（包含5 687例病例和117 892例对照）进行MR分析，发现基因预测的血浆FⅧ水平与妊

娠期糖尿病风险降低存在因果关系〔IVW：比值比（odds ratio, OR）= 0.28，95%置信区间（confidence interval, CI）：

0.10～0.75，P<0.001; WM：OR=0.30，95%CI：0.09～0.98，P<0.001〕，其他凝血功能指标与妊娠期糖尿病风险未存在因果关系

（P>0.05）。结论　血浆FⅧ水平与GDM风险存在因果关系，此发现突显了妊娠期间凝血功能和葡萄糖代谢之间的复杂相

互作用，但这一发现还需进一步地深入探索。
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【Abstract】   Objective　To  explore  the  causal  association  between  coagulation  function,  including  von
Willebrand  factor  (vWF),  a  disintegrin  and  metalloproteinase  with  thrombospondin  type  1  motif,  member  13
(ADAMTS13),  activated  partial  thromboplastin  time  (aPTT),  coagulation  factor Ⅷ (FⅧ),  coagulation  factor Ⅺ (FⅪ),
coagulation  factor Ⅶ (FⅦ),  coagulation  factor Ⅹ (FⅩ),  endogenous  thrombin  potential  (ETP),  plasminogen  activator
inhibitor-1  (PAI-1),  protein  C,  and  plasmin,  and  gestational  diabetes  mellitus  (GDM)  using  two-sample  two-way
Mendelian randomization (MR), and to provide genetic evidence for the association between coagulation function and the
pathogenesis  of  GDM. Methods　The  IEU  OpenGWAS  database  was  accessed  using  the  R  package  TwoSampleMR  (v
0.5.6) to obtain the statistical data of the genome-wide association study (GWAS) summary of GDM. MR analysis of the
causal  association between 11 coagulation function and GDM was performed by the inverse-variance weighted method
(IVW),  the  MR-Egger  method,  and  the  weighted  median  method  (WM). Results　In  this  study,  the  GWAS  summary
statistics of GDM (covering 5 687 cases and 117 892 controls) were used for MR analysis.  It  was found that there was a
causal  relationship  between  the  predicted  plasma  FⅧ level  and  the  risk  for  GDM  (IVW:  [odds  ratio,  OR]=0.28,  95%
confidence  interval  [CI]:  0.10-0.75, P<0.001;  WM:  OR=0.30,  95% CI:  0.09-0.98, P<0.001).  There  was  no  causal
relationship  between  other  coagulation  function  and  the  risk  for  GDM  (P>0.05). Conclusion　There  is  a  significant
causal relationship between the plasma FⅧ level and the risk for GDM. This finding highlights the complex interaction
between  coagulation  function  and  glucose  metabolism  during  pregnancy,  but  further  research  on  this  finding  is
warranted.
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妊娠期糖尿病（gestational diabetes mellitus, GDM）

是一种常见代谢障碍性疾病，与孕期不良妊娠结局密

切相关 [1-2]。同时GDM孕妇及其子代也面临患糖尿病、

肥胖以及早发心血管疾病等风险。据统计，全球每年

有超过一百万的孕妇被诊断为GDM，且这一数字还在

持续增长 ，在某些发达国家G D M的发病率已高达

10%至20%，而在亚洲和中东的部分地区，这一比例甚

至高达到25%至30%[3-6]。早期发现并干预GDM可改善

母儿妊娠结局，减轻社会经济负担。尽管不同国家和

地区采取了多样化的筛查和管理方案，但由于GDM病

因复杂和诊断标准多样化，使其早期预防和干预仍是

一个挑战。

GDM的发病机制涉及多种因素，包括胰岛素抵抗、

胰岛素分泌不足及妊娠期胰岛素代谢异常等[7-8]。近期研

究强调了血清中凝血因子在GDM发生和发展中的潜在

作用。怀孕期间血液系统会发生显著变化，以适应血流

动力学和凝血功能的变化，这一过程可能与GDM的发生

密切相关[9-12]。研究发现，凝血酶原活性物质、纤维蛋白

原以及D-二聚体等凝血因子的异常水平与GDM的发生

和预后存在关联 [ 9 - 1 2 ]。例如，在一项队列研究中发现，

GDM患者可能同时存在高凝状态和高纤溶状态[13]。然

而，目前对于GDM中这些凝血因子的确切作用和潜在机

制仍缺乏全面的研究。

传统的观察性研究常受到混杂变量和反向因果关系

的限制，难以明确因果关系。在此背景下，孟德尔随机化

（Mendelian randomization, MR）提供了一种新颖的研究

方法[14]。通过利用自然发生的遗传变异作为代理，类似

于随机对照试验的方式，MR有助于更准确地确定因果关

系 [ 1 5 ]。这种方法不仅可以提供宝贵的见解，还可能为

GDM的研究和临床管理开辟新的路径。深入理解这些

关系对于制定针对这种日益流行的疾病的有效诊断和治

疗策略至关重要。因此本研究拟通过MR探索凝血功能

与GDM的因果关系，为凝血功能与GDM发病关联提供遗

传学证据支持。 

1     资料与方法
 

1.1    研究设计

MR分析必须满足3个关键假设。第一个假设是遗传

变量应与暴露显著相关，第二个假设是作为暴露工具变

量提取的遗传变异与其他混杂因素无关，第三个假设是

遗传变异对结局的影响只能通过暴露作用，而不能通过

其他因素影响[16- 17]。图1描述了本研究的总体设计。本研

究采用MR设计，利用双样本设计探讨血清凝血功能指标

与GDM之间的因果关系。血清凝血功能指标被定义为

暴露因素，其中包括血管性血友病因子（von Willebrand

factor, vWF）、血管性血友病因子裂解酶（a disintegrin and

metalloproteinase with thrombospondin type 1 motif,

member 13,  ADAMTS13）、活化部分凝血活酶时间

（activated partial thromboplastin time, APTT）、凝血因子

8（coagulation factor Ⅷ, FⅧ）、凝血因子11（coagulation

factor Ⅺ, FⅪ）、凝血因子7（coagulation factor Ⅶ, FⅦ）、

凝血因子10（coagulation factor Ⅹ, FⅩ）、内源性凝血酶生
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图 1  研究的总设计图

Fig 1  Overall design of the study

vWF: von Willebrand factor; ADAMTS13: a disintegrin and metalloproteinase with thrombospondin type 1 motif, member 13; APTT: activated partial

thromboplastin time; FⅦ: coagulation factor Ⅶ; FⅧ: coagulation factor Ⅷ; FⅩ: coagulation factor Ⅹ; FⅪ: coagulation factor Ⅺ; ETP: endogenous thrombin potential;

PAI-1: plasminogen activator inhibitor-1.
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成潜能（endogenous thrombin potential, ETP）、血浆纤溶

酶原激活抑制剂1（plasminogen activator inhibitor-1, PAI-

1）、蛋白C（protein C）、纤溶酶（plasmin）。结局变量为是

否患有GDM。 

1.2    数据来源

不同凝血功能指标的数据来源于各自的全基因组关

联研究（genome-wide association study, GWAS）[17-23]。

FinnGen队列的妊娠期糖尿病GWAS摘要统计数据可通

过R包TwoSampleMR （v 0.5.6）对IEU OpenGWAS数据库

进行访问[24-25]。其中凝血功能指标的数据来源于不同的

私人研究，数据来源人群为各自研究招募人群；GDM的

数据来源于芬兰生物银行的长期随访人群数据，二者之

间的人群重叠很少。表1中详细列示了各项研究的数据

来源，凝血功能指标的原始数据能够从相关文献中获得。 

1.3    工具变量

为了确保暴露因素与结局变量相互独立且高度相

关，我们选择了全基因组中意义显著的单核苷酸多态性

（single nucleotide polymorphism, SNP）作为工具变量，以

千人全基因组项目提供的全基因组信息为基准，设置凝

血因子具有全基因组意义的P值阈值为<5×10−7，连锁不平

衡参数（r 2）设置为0.001，遗传窗口设定为10  000 kb，

从不同凝血因子的数据中筛选出无连锁效应的工具变量。 

1.4    MR分析

本研究采用逆方差加权法（inverse-variance weighted

method, IVW）、MR-Egger法、加权中位数法（weighted

median method, WM）进行孟德尔随机化分析[25]。统计强

度F值设定为>10[26]，计算公式为（Beta/SE）2。 

1.5    异质性检验、敏感性分析和多效性分析

异质性检验采用IVW法和MR-Egger法[25-26]。当检验

P值<0.05时，表示SNPs之间存在异质性；P值>0.05则表示

不存在异质性。敏感性分析采用逐一排除法，以探讨单

个SNPs对因果关联的影响。多效性分析则利用MR

pleiotropy test函数，当检验P值<0.05时，表示存在多效性；

P值>0.05则表示不存在多效性。 

2     结果
 

2.1    工具变量的选择

通过系统地检索不同GWAS的结果，筛选出与11种

凝血功能指标（包括vWF、ADAMTS13、aPTT、FⅧ、

FⅪ、FⅦ、FⅩ、ETP、PAI-1、蛋白C和纤溶酶）相关的显

著SNP，以此来探究这些因子对GDM的潜在因果影响。

首先，我们在相应的GWAS研究中保留了与每种暴露表

型显著相关的SNP（P<5×10−7）。随后，采用基于连锁不平

衡（LD）的聚类方法，我们筛选了与LD无关的SNP（r2阈

值=0.1，窗口大小=10 000 kb）。关键在于，SNP对暴露的

影响和对结果的影响应归因于同一等位基因。在数据协

调过程中，具有不一致等位基因的模糊SNP以及具有无

法纠正的模糊链的回文SNP被排除。因此，最终用于两
 

表 1    不同GWAS数据的信息

Table 1    Information on different GWAS data 

Variable Study Source type Sample size Ancestry

Exposure

　ADAMTS13 MA Q[17] Independent research 2 304 European

　aPTT TANG W[21] Independent research 9 240 European

　ETP ROCANIN-ARJO A[20] Independent research 1 967 European

　FⅦ De VRIES P S[22] Independent research 27 495 European

　FⅧ SABATER-LLEAL M[24] Independent research 29 573 European

　FⅩ SUN B B[23] Independent research 3 301 European

　FⅪ SUHRE K[19] Independent research 997 European

　PAI-1 HUANG J[18] Independent research 19 599 European

　Plasmin SUN B B[23] Independent research 3 301 European

　Protein C TANG W[21] Independent research 8 048 European

　vWF SABATER-LLEAL M[24] Independent research 42 256 European

Outcome

　GDM FinnGen Biobanking data 210 870 European

　All abbreviations are explained in the note to Fig 1.
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样本MR分析中的工具变量SNP数量小于等于附表1所列

数量，分析所用的SNP详情数量见附图1。为评估每个工

具变量的强度，我们计算了每个工具暴露关联的F统计

量。在本研究中，所有F统计量均远>10，表明这些SNP是

强有力的工具变量。 

2.2    凝血功能指标与GDM的因果关系

我们利用芬兰生物银行第五轮的GWAS妊娠期糖尿

病汇总统计数据（包含5 687例病例和117 892例对照）进

行MR分析，以估计11种凝血功能指标对GDM风险的因

果影响，MR分析采用的 IVW模型、MR-Egger模型、

WM模型以及IVW随机效应模型（IVW-MRE）。研究结

果显示，基因预测的血浆FⅧ水平与GDM风险降低存在

因果关系〔IVW：比值比（odds ratio, OR）=0.28，95%置信

区间（confidence interval, CI）：0.10～0.75，P<0.001；WM：

OR=0.30，95%CI：0.09～0.98，P<0.001〕，指出长期较高的

血浆FⅧ水平是GDM的保护因素。然而，未发现其他凝

血功能指标与GDM风险存在因果关系（P>0.05）。因果关

系的主要测定结果见图2，因果关系的补充测定结果见表2。
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图 2  孟德尔随机化主要分析结果

Fig 2  Mendelian randomization primary analysis results

All abbreviations are explained in the note to Fig 1. nSNP: the number of single nucleotide polymorphisms.
 
 

2.3    异质性分析与敏感性分析结果

在血浆FⅧ和GDM之间的MR分析中，未检测到显著

的异质性或多效性（P>0.05）。大多数其他检测结果也未

显示出异质性或多效性，所有异质性分析结果见表3，水

平多效性分析的结果见表4。然而，在血浆FⅦ和PAI-1与

GDM的MR分析中，检测到了异质性的存在。因此，本研

究选择报告IVW随机效应模型的检测结果。具体详细结

果见图2。敏感性分析显示，在逐一排除法中未发现对因

果关联估计值有显著影响的SNP，具体结果见图3。 

3     讨论

本研究通过MR分析，旨在阐明多种凝血功能指标与

GDM发病间的潜在因果关系。本研究对与这些凝血功

能指标相关的遗传变异进行了严格的检验，从而提出了

有关GDM发病机制的重要见解。主要发现强调了血浆

FⅧ水平与GDM发生之间的因果关系，结果具有统计学

差异。尽管先前的流行病学研究已暗示血液高凝状态与

GDM间存在潜在联系[9-12]，但本研究通过MR方法，为血浆

FⅧ作为GDM发展的因果因素提供了有力证据。此发现

凸显了妊娠期间凝血功能和葡萄糖代谢之间的复杂相互

作用，值得进一步探索其机制基础。

本研究发现血浆FⅧ在血液凝固过程中扮演着重要

角色，并且其在G D M发病机制中的作用相对复杂。

GDM是妊娠期间出现的糖尿病类型，其主要表现为胰岛

素抵抗和胰岛β细胞功能障碍[27-30]。妊娠期间，母体产生

的激素，如胎盘生乳素、雌激素和孕激素等，可能导致对

胰岛素的敏感性下降，增加GDM患病风险。FⅧ主要在

肝脏合成，是血液凝固关键蛋白，与vWF结合，在凝血级

联反应中发挥作用[31-33]。近年来的研究表明，FⅧ也可能

参与调节炎症反应和内皮功能，与胰岛素抵抗和糖尿病

发病机制相关[31-33]。一种可能的机制是FⅧ通过影响内皮

细胞功能，间接调节胰岛素信号传导，因内皮功能障碍是

胰岛素抵抗的关键因素之一[31-32, 34]。FⅧ可能通过调节血

管内皮细胞活性，改善内皮功能，从而降低胰岛素抵抗，

减少GDM风险。另一机制可能涉及炎症反应，炎症是

GDM发病的重要因素[33, 35]。FⅧ可能通过调节免疫细胞
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活性或减少炎症介质的释放，降低炎症水平，减轻胰岛素

抵抗，降低GDM风险。总之，FⅧ可能通过改善内皮功能

和调节炎症反应，间接影响胰岛素抵抗和β细胞功能，从

而在一定程度上降低GDM的发病风险。然而，这一领域

还需更多研究来阐明具体的分子机制和生物学路径。

尽管本研究的发现具有说服力，但仍存在一些局限

性。首先，MR假设遗传变异与混杂因素无关，但这一假

设可能并非总是成立。残留混杂或多效性可能导致因果

效应估计的偏差。其次，虽然本研究的分析聚焦于一系

列凝血功能指标，但其他未测量的变量或相互作用可能

也会影响GDM的病因。最后，由于本研究人群主要集中

在欧洲人群中，不同人种间的基因分布差异显著，因此本

 

表 2    MR分析的补充结果

Table 2    Supplement results of the MR analysis 

Exposure Outcome Method nSNP Beta Sandard error P

ADAMTS13 GDM MR Egger 3 −0.096 0.802 0.924

ADAMTS13 GDM WM 3 0.016 0.279 0.953

ADAMTS13 GDM IVW (MRE) 3 0.011 0.037 0.763

aPTT GDM MR Egger 6 0.013 0.021 0.582

aPTT GDM WM 6 0.007 0.012 0.536

aPTT GDM IVW (MRE) 6 0.007 0.007 0.341

ETP GDM MR Egger 3 −0.443 1.031 0.742

ETP GDM WM 3 −0.438 0.425 0.303

ETP GDM IVW (MRE) 3 −0.381 0.141 0.007

FⅦ GDM MR Egger 7 0.097 0.723 0.898

FⅦ GDM WM 7 0.083 0.215 0.698

FⅦ GDM IVW 7 0.260 0.508 0.609

FⅧ GDM MR Egger 4 −0.383 2.600 0.896

FⅧ GDM WM 4 −1.207 0.592 0.041

FⅧ GDM IVW (MRE) 4 −1.285 0.294 0.001

FⅩ GDM IVW (MRE) 2 −0.011 0.089 0.899

FⅪ GDM MR Egger 5 0.036 0.073 0.650

FⅪ GDM WM 5 −0.011 0.026 0.660

FⅪ GDM IVW (MRE) 5 −0.017 0.013 0.198

PAI-1 GDM MR Egger 4 −0.224 1.667 0.905

PAI-1 GDM WM 4 −0.287 0.227 0.207

PAI-1 GDM IVW (MRE) 4 −0.288 0.276 0.297

Plasmin GDM MR Egger 3 0.021 0.106 0.875

Plasmin GDM WM 3 −0.043 0.069 0.537

Plasmin GDM IVW (MRE) 3 −0.037 0.043 0.396

Protein C GDM MR Egger 5 −0.021 0.275 0.944

Protein C GDM WM 5 0.062 0.057 0.277

Protein C GDM IVW 5 0.104 0.162 0.519

vWF GDM MR Egger 14 −0.177 0.161 0.294

vWF GDM WM 14 −0.188 0.114 0.100

vWF GDM IVW (MRE) 14 −0.189 0.119 0.112

　All abbreviations are explained in the note to Fig 1. nSNP: the number of single nucleotide polymorphisms.

第 4 期 曾凡英等: 孟德尔随机化探索凝血功能与妊娠期糖尿病的因果关系 943  



研究的结果可能难以推广到东亚人群。未来的研究需要

结合更广泛的遗传标记和临床参数，以全面了解GDM的

发病机制。

综上所述，血浆FⅧ水平与GDM发生存在统计学显

著的因果关系，妊娠期间的凝血功能和糖代谢之间存在

 

表 3    MR异质性分析的结果

Table 3    Results of the MR heterogeneity analysis 

Exposure Outcome Method Q Q_df P

ADAMTS13 GDM MR Egger 0.021 1 0.885

ADAMTS13 GDM IVW 0.041 2 0.980

aPTT GDM MR Egger 2.779 4 0.595

aPTT GDM IVW 2.869 5 0.720

ETP GDM MR Egger 0.277 1 0.598

ETP GDM IVW 0.281 2 0.869

FⅦ GDM MR Egger 38.662 5 0.000

FⅦ GDM IVW 39.592 6 0.000

FⅧ GDM MR Egger 0.934 2 0.627

FⅧ GDM IVW 1.059 3 0.787

FⅩ GDM IVW 2.277 1 0.131

FⅪ GDM MR Egger 0.753 3 0.861

FⅪ GDM IVW 1.347 4 0.853

PAI-1 GDM MR Egger 6.821 2 0.033

PAI-1 GDM IVW 6.826 3 0.078

Plasmin GDM MR Egger 0.460 1 0.498

Plasmin GDM IVW 0.918 2 0.632

Protein C GDM MR Egger 33.023 3 0.000

Protein C GDM IVW 36.946 4 0.000

vWF GDM MR Egger 15.878 12 0.197

vWF GDM IVW 15.898 13 0.255

　All abbreviations are explained in the note to Fig 1.

 

表 4    MR水平多效性分析的结果

Table 4    Results of the MR pleiotropy analysis 

Exposure Outcome Egger_intercept Standard error P

ADAMTS13 GDM 0.006 0.042 0.911

aPTT GDM −0.006 0.021 0.779

ETP GDM 0.004 0.057 0.960

FⅦ GDM 0.012 0.034 0.743

FⅧ GDM −0.020 0.057 0.758

FⅩ GDM NA*
NA NA

FⅪ GDM −0.025 0.032 0.497

PAI-1 GDM −0.004 0.097 0.972

Plasmin GDM −0.027 0.039 0.621

Protein C GDM 0.033 0.054 0.593

vWF GDM −0.001 0.009 0.905

　* The results of the horizontal pleiotropy analysis contain NA values for
certain coagulation factors due to the limited number of instrumental
variables (only 2). This makes it difficult to generate a horizontal pleiotropy
shift, thus making it impossible to conduct horizontal pleiotropy testing for
these factors. NA: not available. All abbreviations are explained in the note
to Fig 1.
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MR leave-one-out sensitivity analysis for ‘FⅧ’ on ‘GDM’
 

图 3  留一法分析的结果

Fig 3  Results of the leave-one-out analysis
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复杂的相互作用，但此发现还需进一步地深入探索研究。

* * *

作者贡献声明　曾凡英负责论文构思、正式分析、研究方法、软件、可

视化、初稿写作和审读与编辑写作，沈平负责调查研究和研究项目管

理，郭伟杰负责数据审编和论文构思，何国琳负责正式分析、经费获取、

研究方法、软件、可视化、初稿写作和审读与编辑写作。所有作者已经

同意将文章提交给本刊，且对将要发表的版本进行最终定稿，并同意对

工作的所有方面负责。

A u t h o r  C o n t r i b u t i o n　  Z E N G  F a n y i n g  i s  r e s p o n s i b l e  f o r

conceptualization, formal analysis, methodology, software, visualization,

writing--original draft, and writing--original draft. SHEN Ping is

responsible for investigation and project administration. GUO Weijie is

responsible for conceptualization and data curation. HE Guolin is

responsible for formal analysis, funding acquisition, methodology, software,

visualization, writing--original draft, and writing--original draft. All authors

consented to the submission of the article to the Journal. All authors

approved the final version to be published and agreed to take responsibility

for all aspects of the work.

利益冲突　所有作者均声明不存在利益冲突

Declaration of Conflicting Interests　All authors declare no competing

interests.

参　考　文　献

CHEN L, MAGLIANO D J, ZIMMET P Z. The worldwide epidemiology

of type 2 diabetes mellitus-present and future perspectives. Nat Rev

Endocrinol, 2011, 8(4): 228–236. doi: 10.1038/nrendo.2011.183.

[1]

ZHU Y, ZHANG C. Prevalence of gestational diabetes and risk of

progression to type 2 diabetes: a global perspective. Curr Diabetes Rep,

2016, 16(1): 7. doi: 10.1007/s11892-015-0699-x.

[2]

KIM H Y, KIM J, NOH E, et al. Prepregnancy hemoglobin levels and

gestational diabetes mellitus in pregnancy. Diabetetes Res Clin Pr, 2021,

171(1): 108608. doi: 10.1016/j.diabres.2020.108608.

[3]

LI H, SHEN L, SONG L, et al. Early age at menarche and gestational

diabetes mellitus risk: results from the healthy baby cohort study. Rev

Rort Endocrinol, 2017, 43(3): 248–252. doi: 10.1016/j.diabet.2017.01.002.

[4]

 CHOUDHURY A A, DEVI RAJESWARI V. Gestational diabetes mellitus -

a metabolic and reproductive disorder. Biomed Pharmacother, 2021,

143(1): 112183. doi: 10.1016/j.biopha.2021.112183.

[5]

SHEN Z, YANG C, ZHU P, et al. Protective effects of syringin against

oxidative stress and inflammation in diabetic pregnant rats via

TLR4/MyD88/NF-κB signaling pathway. Biomed Pharmacother, 2020,

131(1): 110681. doi: 10.1016/j.biopha.2020.110681.

[6]

KATRA P, DEREKE J, NILSSON C, et al. Plasma levels of the interleukin-

1-receptor antagonist are lower in women with gestational diabetes

mellitus and are particularly associated with postpartum development of

type 2 diabetes. PLoS One, 2016, 11(5): e0155701. doi: 10.1371/journal.

pone.0155701.

[7]

DELANEROLLE G, PHIRI P, ZENG Y, et al. A systematic review and

meta-analysis of gestational diabetes mellitus and mental health among

[8]

BAME populations. E Clinical Medicine, 2021, 38(1): 101016. doi: 10.

1016/j.eclinm.2021.101016.

KANG L, LI H Y, OU H Y, et al. Role of placental fibrinogen-like protein

1 in gestational diabetes. Transl Res, 2020, 218(1): 73–80. doi: 10.1016/j.

trsl.2020.01.001.

[9]

TELIGA-CZAJKOWSKA J, SIENKO J, ZAREBA-SZCZUDLIK J, et al.

Influence of glycemic control on coagulation and lipid metabolism in

pregnancies complicated by pregestational and gestational diabetes

mellitus. Adv Exp Med Biol, 2019, 1176(1): 81–88. doi: 10.1007/

5584_2019_382.

[10]

SOUSA GOMES M, GUIMARãES M, MONTENEGRO N. Thrombolysis

in pregnancy: a literature review. J Matern Fetal Neonatal Med, 2019,

32(14): 2418–2428. doi: 10.1080/14767058.2018.1434141.

[11]

ZHU Y, LIU Z, MIAO C, et al. Trajectories of maternal D-dimer are

associated with the risk of developing adverse maternal and perinatal

outcomes: a prospective birth cohort study. Clin Chim Acta, 2023, 543(1):

117324. doi: 10.1016/j.cca.2023.117324.

[12]

LIU Y, SUN X, TAO J, et al. Gestational diabetes mellitus is associated

with antenatal hypercoagulability and hyperfibrinolysis: a case control

study of Chinese women. J Matern Fetal Neonatal Med, 2022, 35(15):

2995–2998. doi: 10.1080/14767058.2020.1818202.

[13]

SKRIVANKOVA V W, RICHMOND R C, WOOLF B A R, et al .

Strengthening the reporting of observational studies in epidemiology

using mendelian randomization: the STROBE-MR statement. JAMA,

2021, 326(16): 1614–1621. doi: 10.1001/jama.2021.18236.

[14]

于天琦, 徐文涛, 苏雅娜, 等. 孟德尔随机化研究基本原理, 方法和局限

性. 中国循证医学杂志, 2021, 21(10): 1227–1234. doi: 10.7507/1672-

2531.202107008.

YU T Q, XU W T, SU Y N, et al. Basic principles, methods and limitations

of Mendelian randomization studies. Chin J Evid Med, 2021, 21(10):

1227–1234. doi: 10.7507/1672-2531.202107008.

[15]

GROVER S,  DEL GRECO M F,  STEIN C M,  et  a l .  Mendel ian

randomization. Methods Mol Biol, 2017, 1666: 581–628. doi: 10.1007/

978-1-4939-7274-6_29.

[16]

VERDUIJIN M, SIEGERINKI B,  JAGER K J ,  et  al .  Mendelian

randomization: use of genetics to enable causal inference in observational

studies. Nephrol Dial Transplant, 2010, 25(5): 1394–1398. doi: 10.1093/

ndt/gfq098.

[17]

HUANG J, SABATER-LLEAL M, ASSELBERGS F W, et al. Genome-wide

association study for circulating levels of PAI-1 provides novel insights

into its regulation. Blood, 2012, 120(24): 4873–4881. doi: 10.1182/blood-

2012-06-436188.

[18]

SUHRE K, ARNOLD M, BHAGWAT A M, et al. Connecting genetic risk

to disease end points through the human blood plasma proteome. Nat

Commun, 2017, 8(1): 14357. doi: 10.1038/ncomms14357.

[19]

ROCANIN-ARJO A, COHEN W, CARCAILLON L, et al. A meta-

analysis of genome-wide association studies identifies ORM1 as a novel

gene controlling thrombin generation potential. Blood, 2014, 123(5):

777–785. doi: 10.1182/blood-2013-10-529628.

[20]

第 4 期 曾凡英等: 孟德尔随机化探索凝血功能与妊娠期糖尿病的因果关系 945  

https://doi.org/10.1038/nrendo.2011.183
https://doi.org/10.1038/nrendo.2011.183
https://doi.org/10.1038/nrendo.2011.183
https://doi.org/10.1007/s11892-015-0699-x
https://doi.org/10.1007/s11892-015-0699-x
https://doi.org/10.1007/s11892-015-0699-x
https://doi.org/10.1007/s11892-015-0699-x
https://doi.org/10.1007/s11892-015-0699-x
https://doi.org/10.1007/s11892-015-0699-x
https://doi.org/10.1007/s11892-015-0699-x
https://doi.org/10.1007/s11892-015-0699-x
https://doi.org/10.1016/j.diabres.2020.108608
https://doi.org/10.1016/j.diabres.2020.108608
https://doi.org/10.1016/j.diabet.2017.01.002
https://doi.org/10.1016/j.diabet.2017.01.002
https://doi.org/10.1016/j.diabet.2017.01.002
https://doi.org/10.1016/j.biopha.2021.112183
https://doi.org/10.1016/j.biopha.2021.112183
https://doi.org/10.1016/j.biopha.2020.110681
https://doi.org/10.1016/j.biopha.2020.110681
https://doi.org/10.1371/journal.pone.0155701
https://doi.org/10.1371/journal.pone.0155701
https://doi.org/10.1371/journal.pone.0155701
https://doi.org/10.1016/j.eclinm.2021.101016
https://doi.org/10.1016/j.eclinm.2021.101016
https://doi.org/10.1016/j.eclinm.2021.101016
https://doi.org/10.1016/j.trsl.2020.01.001
https://doi.org/10.1016/j.trsl.2020.01.001
https://doi.org/10.1016/j.trsl.2020.01.001
https://doi.org/10.1007/5584_2019_382
https://doi.org/10.1007/5584_2019_382
https://doi.org/10.1007/5584_2019_382
https://doi.org/10.1080/14767058.2018.1434141
https://doi.org/10.1080/14767058.2018.1434141
https://doi.org/10.1016/j.cca.2023.117324
https://doi.org/10.1016/j.cca.2023.117324
https://doi.org/10.1080/14767058.2020.1818202
https://doi.org/10.1080/14767058.2020.1818202
https://doi.org/10.1001/jama.2021.18236
https://doi.org/10.1001/jama.2021.18236
https://doi.org/10.7507/1672-2531.202107008
https://doi.org/10.7507/1672-2531.202107008
https://doi.org/10.7507/1672-2531.202107008
https://doi.org/10.7507/1672-2531.202107008
https://doi.org/10.7507/1672-2531.202107008
https://doi.org/10.7507/1672-2531.202107008
https://doi.org/10.7507/1672-2531.202107008
https://doi.org/10.7507/1672-2531.202107008
https://doi.org/10.1007/978-1-4939-7274-6_29
https://doi.org/10.1007/978-1-4939-7274-6_29
https://doi.org/10.1007/978-1-4939-7274-6_29
https://doi.org/10.1007/978-1-4939-7274-6_29
https://doi.org/10.1007/978-1-4939-7274-6_29
https://doi.org/10.1007/978-1-4939-7274-6_29
https://doi.org/10.1007/978-1-4939-7274-6_29
https://doi.org/10.1007/978-1-4939-7274-6_29
https://doi.org/10.1007/978-1-4939-7274-6_29
https://doi.org/10.1007/978-1-4939-7274-6_29
https://doi.org/10.1007/978-1-4939-7274-6_29
https://doi.org/10.1093/ndt/gfq098
https://doi.org/10.1093/ndt/gfq098
https://doi.org/10.1093/ndt/gfq098
https://doi.org/10.1182/blood-2012-06-436188
https://doi.org/10.1182/blood-2012-06-436188
https://doi.org/10.1182/blood-2012-06-436188
https://doi.org/10.1182/blood-2012-06-436188
https://doi.org/10.1182/blood-2012-06-436188
https://doi.org/10.1182/blood-2012-06-436188
https://doi.org/10.1182/blood-2012-06-436188
https://doi.org/10.1182/blood-2012-06-436188
https://doi.org/10.1038/ncomms14357
https://doi.org/10.1038/ncomms14357
https://doi.org/10.1038/ncomms14357
https://doi.org/10.1182/blood-2013-10-529628
https://doi.org/10.1182/blood-2013-10-529628
https://doi.org/10.1182/blood-2013-10-529628
https://doi.org/10.1182/blood-2013-10-529628
https://doi.org/10.1182/blood-2013-10-529628
https://doi.org/10.1182/blood-2013-10-529628
https://doi.org/10.1182/blood-2013-10-529628
https://doi.org/10.1182/blood-2013-10-529628


 TANG W, BASU S, KONG X, et al. Genome-wide association study

identifies novel loci for plasma levels of protein C: the ARIC study. Blood,

2010, 116(23): 5032–5036. doi: 10.1182/blood-2010-05-283739.

[21]

 De VRIES P S, SABATER-LLEAL M, HUFFMAN J E, et al. A genome-

wide association study identifies new loci for factor Ⅶ and implicates

factor Ⅶ in ischemic stroke etiology. Blood, 2019, 133(9): 967–977. doi:

10.1182/blood-2018-05-849240.

[22]

 SUN B B, MARANVILLE J C, PETERS J E, et al. Genomic atlas of the

human plasma proteome. Nature, 2018, 558(7708): 73–79. doi: 10.1038/

s41586-018-0175-2.

[23]

 SABATER-LLEAL M, HUFFMAN J E, De VRIES P S, et al. Genome-wide

association transethnic meta-analyses identifies novel associations

regulating coagulation factor Ⅷ and von Willebrand factor plasma levels.

Circulation, 2019, 139(5): 620–635. doi: 10.1161/circulationaha.118.

034532.

[24]

 HEMANI G, ZHENG J, ELSWORTH B, et al. The MR-Base platform

supports systematic causal inference across the human phenome. eLife,

2018, 7: e34408. doi: 10.7554/eLife.34408.

[25]

 BOWDEN J, DEL GRECO M F, MINELLI C, et al. A framework for the

investigation of pleiotropy in two-sample summary data Mendelian

randomization. Stat Med, 2017, 36(11): 1783–1802. doi: 10.1002/sim.

7221.

[26]

 KAUTZKY-WILLER A, LEUTNER M, ABRAHAMIAN H, et al. Sex and

gender-specific aspects in prediabetes and diabetes mellitus-clinical

recommendations (Update 2023). Wien Klin Wochenschr, 2023,

135(Suppl 1): 275–285. doi: 10.1007/s00508-023-02185-5.

[27]

 MENG Y, THORNBURG L L, HOEGER K M, et al. Association between

sex steroid hormones and subsequent hyperglycemia during pregnancy.

Front Endocrinol, 2023, 14: 1213402. doi: 10.3389/fendo.2023.1213402.

[28]

 WU W, REN J, WANG J, et al. Metalloestrogens exposure and risk of

gestational diabetes mellitus: evidence emerging from the systematic

review and meta-analysis. Environ Res, 2024, 248: 118321. doi: 10.1016/

[29]

j.envres.2024.118321.

 TRASANDE L, NELSON M E, ALSHAWABKEH A, et al. Prenatal

phenol and paraben exposures and adverse birth outcomes: a prospective

analysis of U. S. births. Environ Int, 2024, 183: 108378. doi: 10.1016/j.

envint.2023.108378.

[30]

 COMERFORD C, GLAVEY S, QUINN J, et al. The role of VWF/Ⅷ in

thrombosis and cancer progression in multiple myeloma and other

hematological malignancies. J Thromb Haemost, 2022, 20(8): 1766–1777.

doi: 10.1111/jth.15773.

[31]

 LELAS A, GREINIX H T, WOLFF D, et al. Von willebrand factor, factor

Ⅷ and other acute phase reactants as biomarkers of inflammation and

endothelial dysfunction in chronic graft-versus-host disease. Environ Int,

2021, 12: 676756. doi: 10.3389/fimmu.2021.676756.

[32]

 TANAKA K A, TERADA R, BUTT A L, et al. Factor Ⅷ a dynamic

modulator of hemostasis and thrombosis in trauma. Anesth Analg, 2023,

136(5): 894–904. doi: 10.1213/ane.0000000000006356.

[33]

 SWYSTUN L L, MICHELS A, LILLICRAP D. The contribution of the

sinusoidal endothelial cell receptors CLEC4M, stabilin-2, and SCARA5 to

VWF-FⅧ clearance in thrombosis and hemostasis. J Thromb Haemost,

2023, 21(8): 2007–2019. doi: 10.1016/j.jtha.2023.04.014.

[34]

 PEYVANDI F, MIRI S, GARAGIOLA I. Immune responses to plasma-

derived versus recombinant Ⅷ products. Tront Imunol, 2020, 11: 591878.

doi: 10.3389/fimmu.2020.591878.

[35]

（2024 − 03 − 16收稿，2024 − 05 − 24修回）　

编辑　姜　恬　

开放获取　本文使用遵循知识共享署名—非商业性使用

4.0国际许可协议（CC BY-NC 4.0），  详细信息请访问

https://creativecommons.org/licenses/by/4.0/。

OPEN ACCESS　This article is licensed for use under Creative Commons

Attribution-NonCommercial 4.0 International license (CC BY-NC 4.0). For more

information, visit https://creativecommons.org/licenses/by/4.0/.

© 2024 《四川大学学报（医学版）》编辑部　版权所有

Editorial Office of Journal of Sichuan University (Medical Science)

 946 四川大学学报（医学版） 第 55卷

https://doi.org/10.1182/blood-2010-05-283739
https://doi.org/10.1182/blood-2010-05-283739
https://doi.org/10.1182/blood-2010-05-283739
https://doi.org/10.1182/blood-2010-05-283739
https://doi.org/10.1182/blood-2010-05-283739
https://doi.org/10.1182/blood-2010-05-283739
https://doi.org/10.1182/blood-2010-05-283739
https://doi.org/10.1182/blood-2010-05-283739
https://doi.org/10.1182/blood-2018-05-849240
https://doi.org/10.1182/blood-2018-05-849240
https://doi.org/10.1182/blood-2018-05-849240
https://doi.org/10.1182/blood-2018-05-849240
https://doi.org/10.1182/blood-2018-05-849240
https://doi.org/10.1182/blood-2018-05-849240
https://doi.org/10.1182/blood-2018-05-849240
https://doi.org/10.1182/blood-2018-05-849240
https://doi.org/10.1038/s41586-018-0175-2
https://doi.org/10.1038/s41586-018-0175-2
https://doi.org/10.1038/s41586-018-0175-2
https://doi.org/10.1038/s41586-018-0175-2
https://doi.org/10.1038/s41586-018-0175-2
https://doi.org/10.1038/s41586-018-0175-2
https://doi.org/10.1038/s41586-018-0175-2
https://doi.org/10.1038/s41586-018-0175-2
https://doi.org/10.1038/s41586-018-0175-2
https://doi.org/10.1161/circulationaha.118.034532
https://doi.org/10.1161/circulationaha.118.034532
https://doi.org/10.1161/circulationaha.118.034532
https://doi.org/10.7554/eLife.34408
https://doi.org/10.1002/sim.7221
https://doi.org/10.1002/sim.7221
https://doi.org/10.1002/sim.7221
https://doi.org/10.1007/s00508-023-02185-5
https://doi.org/10.1007/s00508-023-02185-5
https://doi.org/10.1007/s00508-023-02185-5
https://doi.org/10.1007/s00508-023-02185-5
https://doi.org/10.1007/s00508-023-02185-5
https://doi.org/10.1007/s00508-023-02185-5
https://doi.org/10.1007/s00508-023-02185-5
https://doi.org/10.1007/s00508-023-02185-5
https://doi.org/10.3389/fendo.2023.1213402
https://doi.org/10.3389/fendo.2023.1213402
https://doi.org/10.1016/j.envres.2024.118321
https://doi.org/10.1016/j.envres.2024.118321
https://doi.org/10.1016/j.envint.2023.108378
https://doi.org/10.1016/j.envint.2023.108378
https://doi.org/10.1016/j.envint.2023.108378
https://doi.org/10.1111/jth.15773
https://doi.org/10.1111/jth.15773
https://doi.org/10.3389/fimmu.2021.676756
https://doi.org/10.3389/fimmu.2021.676756
https://doi.org/10.1213/ane.0000000000006356
https://doi.org/10.1213/ane.0000000000006356
https://doi.org/10.1016/j.jtha.2023.04.014
https://doi.org/10.1016/j.jtha.2023.04.014
https://doi.org/10.3389/fimmu.2020.591878
https://doi.org/10.3389/fimmu.2020.591878
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	1 资料与方法
	1.1 研究设计
	1.2 数据来源
	1.3 工具变量
	1.4 MR分析
	1.5 异质性检验、敏感性分析和多效性分析

	2 结果
	2.1 工具变量的选择
	2.2 凝血功能指标与GDM的因果关系
	2.3 异质性分析与敏感性分析结果

	3 讨论
	参考文献

