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1  |  INTRODUC TION

Recurrent pregnancy loss (RPL) is defined as the loss of two or more 
pregnancies.1 The causes of RPL are categorized as genetic, ana-
tomic, endocrinologic, immunologic, microbiologic, environmental, 
and so on.2,3 Antiphospholipid antibodies (aPL) are known to play a 

central role in pregnancy loss.4 These antibodies may interfere with 
the implantation and development of the embryo, leading to miscar-
riage.5 aPL may lead to the formation of blood clots, which cause pla-
cental dysfunction, fetal growth restriction (FGR) and fetal death.6

It has been known that antiphospholipid antibodies (aPL) can 
interfere with the normal function of endothelial cells and affect 
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Abstract
Objective: Antiphospholipid antibodies (aPL) are recognized to have a pivotal role in 
recurrent pregnancy loss (RPL) and cardiovascular disease. Therefore, we assessed 
the vascular function of women with RPL and examined the association with each 
type of aPL.
Methods: In this retrospective study, 569 women with RPL and 55 healthy women 
who had never experienced pregnancy loss were recruited. We performed blood 
tests for aPL and acceleration plethysmography (APG) to evaluate peripheral vascular 
function.
Results: The differential pulse wave index (DPI), indicating vascular elasticity, was 
significantly lower in women with RPL (115.6 ± 4.1) compared to the control group 
(117.0 ± 2.3). DPI in RPL women with anti-β2 glycoprotein I (aβ2GPI) IgG was signifi-
cantly lower than those without. Remained blood volume (RBV), indicating post-
vasoconstriction blood content, was significantly higher in RPL women with aβ2GI IgG 
than in those without. Regression analysis showed aβ2GPI IgG and body mass index 
(BMI) linked negatively with DPI.
Conclusion: Women with RPL have subclinical vascular dysfunction even at reproduc-
tive age. It is possible that aβ2GPI IgG is associated with vascular dysfunction in RPL 
women.
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microcirculation.7,8 In our previous study, the elevation of pulsatil-
ity index (PI), which is a measurement used in the field of vascular 
ultrasound, indicating impaired uterine perfusion was observed in 
non-pregnant women with RPL.9 We also reported that increased PI 
of the uterine arteries was prominent in RPL women with aPL before 
pregnancy10 and during pregnancy.11

We reported that arterial stiffness of the large vascular vessels 
assessed by pulse wave velocity (PWV) was increased in women with 
RPL.12 We also reported elevated plasma levels of adrenomedullin, 
a biomarker of systematic vascular disorders, in women with RRL, 
especially in those with aPL.10

Antiphospholipid antibodies are also known to be associated 
with systemic vascular disorders. Some studies have shown that 
women who experience pregnancy loss including stillbirth may be 
at an increased risk of developing cardiovascular diseases in the fu-
ture.13–15 Women with RPL, especially those with aPL, are likely to 
develop cardiovascular events such as stroke later in their lives.16 
Therefore, it may be important to evaluate systemic vascular dys-
function in women with RPL, although they are relatively young.

aPL are a heterogeneous group of autoantibodies that are directed 
against proteins that bind phospholipids, such as lupus anticoagulant 
(LAC), anticardiolipin antibodies (aCL), anti-β2 glycoprotein I antibodies 
(aβ2GPI), and antiphosphatidylserine antibodies (aPS) and antiphos-
phatidylethanolamine antibodies (aPE),7,17–19 The pathogenesis of aPL 
may vary depending on the types and target phospholipids and/or 
glycoproteins. Although the clinical significance of the various types 
of aPL in cardiovascular diseases is of increasing interest,20 the patho-
genic effects of them have not been fully elucidated.

There are various techniques to assess vascular function, in-
cluding flow-mediated dilation (FMD), plethysmography, and ac-
celeration plethysmography (APG). The main purpose of APG is to 
observe the mechanical movement of the heart and the kinetics of 
blood flow.21 APG can yield important information about vascular 
function, which is obtained from the second-order derivatives of the 
photoplethysmographic (PPG) signal.22,23 Previous studies have sug-
gested that various indices of APG can be used to estimate the risk 
of chronic heart disease in the general population.24 The parameters 
of the APG waveform can be used to provide clinical insight into 
arterial stiffness, arterial compliance, vascular aging, and the mental 
stress associated with the autonomic nervous system.25–27

Among indices of APG, the differential pulse wave index (DPI), is 
used to assess the state of the microcirculation and it provides infor-
mation about the health of small blood vessels. It is commonly used 
clinically to assess peripheral vascular function and to detect blood 
flow abnormalities such as arterial disease, diabetes-related vascu-
lar complications, or other circulatory disorders.28,29 DPI is closely 
related to blood vessel aging and its values decline with age, and a 
higher DPI reflects improved vascular health.23 Stress power (SP) re-
flects blood vessel extensibility. The higher the absolute value of SP, 
the better the vascular condition. Relative blood volume (RBV) de-
notes the volume of blood remaining after contraction of blood ves-
sels; therefore, a low absolute value means that blood flows well into 
the vessels. Blood vessel tension (BVT) is a measure of the elasticity 

in contracting and releasing the blood vessels. In general, the greater 
the value of BVT, the better the condition of the vessels.23,30

The aim of this study was to evaluate vascular function in women 
with RPL, analyze its relationship with aPL and specify the type of aPL 
significantly associated with vascular dysfunction in women with RPL.

2  |  MATERIAL S AND METHODS

2.1  |  Study participants

In this retrospective study, data were collected from 569 RPL women 
who visited the outpatient clinic of Okayama University Hospital 
between 2012 and 2021. The control group consisted of 55 healthy 
women who had their own children and had not experienced preg-
nancy loss. The women who smoked were excluded from the subjects. 
This study was carried out with the approval of the ethics committee 
of the Graduate School of Medicine, Dentistry and Pharmaceutical 
Sciences, Okayama University (1511–009). All procedures were per-
formed after the informed consent of each subject.

2.2  |  Blood tests

Blood tests for glucose tolerance, lipid metabolism, and aPL were car-
ried out at the initial infertility consultation. Blood glucose was meas-
ured by glucose oxidase assay (Glucoroder-Nx, Sinotest, Mitsubishi 
Kagaku Iatron, Tokyo, Japan) and serum insulin levels were measured 
by EIA (Sysmex Corporation, Kobe, Japan). Total cholesterol, triglyc-
erides, free cholesterol, high-density lipoprotein-cholesterol (HDL-
C) (Kyowa Medix, Tokyo, Japan), low-density lipoprotein-cholesterol 
(LDL-C) (Daiichi Chemicals, Tokyo, Japan), cholesterol ester, phospho-
lipids, lipoprotein b (Wako Pure Chemicals, Osaka, Japan) and free 
fatty acid (Mitsubishi Kagaku Iatron, Tokyo, Japan) were determined in 
serum using reagents available on the market and the Hitachi 7170 an-
alyzer (Hitachi, Tokyo, Japan). Anticardiolipin antibodies (aCL) IgG and 
IgM were detected on ELISA (MBL, Nagoya, Japan) and anti-β2 glyco-
protein I antibodies (aβ2GPI) IgG were measured by ELISA (Yamamsa, 
Choshi, Japan), the antiphosphatidylethanolamine antibody detected 
on ELISA (SRL, Tokyo, Japan) and antiphosphatidylserine antibod-
ies detected on ELISA (Finggal-Link, Tokyo, Japan). LAC was ana-
lyzed by dilution of Russell's viper venom time (Medical & Biological 
Laboratories, Nagoya, Japan).

2.3  |  Acceleration plethysmography (APG)

APG was performed using a pulse analyzer (TAS9, YKC Inc., Tokyo, 
Japan).21 Subjects rested for 10 min in a quiet room prior to recording 
a surface electrocardiogram (ECG) in the sitting position for 5 min. 
The transmission method involves the amount of infrared light ab-
sorbed in the fingertip region (fingertip volume pulse wave) to meas-
ure the degree of blood in the blood vessels due to cardiac output.
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2.4  |  Statistical analysis

Statistical analysis was performed with SPSS version 27.0 (IBM Corp. 
Armonk. NY, USA). The data were examined using the F-test and 
the Kolmogorov–Smirnov test and found to be normally distributed. 
All subsequent statistical analyses were performed using student's 
t-test or paired t-test. Linear regression analysis was used to assess 
the effect of various factors on each APG index, and p values less 
than 0.05 were considered statistically significant.

3  |  RESULTS

3.1  |  Clinical features of women with RPL

There were no significant differences in age and body mass index 
(BMI, calculated as weight in kilograms divided by the square of 
height in meters) between the control and RPL groups (Table 1). In 
addition, there were no significant differences between the control 
and the groups of RPL in insulin, homeostasis model assessment-ratio 
(HOMA-R), total cholesterol, low-density lipoprotein-cholesterol 
(LDL-C) and triglyceride. Among women with RPL, high-density 
lipoprotein-cholesterol (HDL-C) in women with stillbirth were sig-
nificantly lower than in women without stillbirth (p = 0.008).

3.2  |  APG indices of women with RPL

The DPI was significantly higher in women with RPL (p = 0.009), 
including those with two, three pregnancy losses, and those with 
or without stillbirths, compared to the control group (p = 0.008, 
p = 0.009, p = 0.005 and p = 0.017, respectively) (Table 2).

3.3  |  Age and APG indices in women with RPL

Absolute values of SP were significantly higher in women aged 20–29 
and 30–39 than in those aged ≥40 group (p < 0.001 and p < 0.001, 
respectively) (Table 3). In addition, absolute values of RBV were sig-
nificantly lower in the 20–29 age group than in the 30–39 age groups 
and ≥40 age group (p = 0.047 and p = 0.003, respectively), and BVT 
was significantly higher in the 20–29 and 30–39 age groups than in 
the ≥40 age group (p = 0.029, p < 0.001 and p = 0.004, respectively).

3.4  |  Various risk factors and APG indices in 
women with RPL

Women in the RPL groups were categorized according to BMI 
into underweight (<18.5), normal range (18.5–25), and overweight 
groups (≥25) (Table 3). Among RPL women, the absolute values of 
SP were significantly higher in the underweight group compared 
to the overweight group and normal range group (p = 0.028 and TA
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p = 0.023, respectively). The absolute values of RBV were signifi-
cantly higher in the overweight group compared to the underweight 
and normal range groups (p = 0.005 and p = 0.013, respectively). The 
BVT was significantly lower in the overweight group compared to 
the underweight and normal range groups (p < 0.001 and p < 0.001, 
respectively).

Among women with RPL, the analysis of the APG index con-
cerning risk factors affecting vascular function indicated that 
the absolute values of SP were significantly lower in women 
with systolic blood pressure (sBP) >120 mmHg than those with 
≤120 mmHg (p = 0.032). Conversely, BVT was significantly lower 
in women with sBP >120 mmHg than in women with sBP ≤120 
(p = 0.002), and BVT was significantly lower in women with dia-
stolic blood pressure (dBP) >80 mmHg than in women with dBP 
≤80 mmHg (p = 0.016).

The absolute values of RBV were significantly higher in women 
with abnormal LDL-C (≥140 mg/dL) than those with normal LDL-C 
(<140 mg/dL) (p = 0.008).

3.5  |  Various types of antiphospholipid 
antibodies and APG indices in women with RPL

Among women with RPL, the group with aβ2GPI IgG exhibited 
significantly lower DPI (p = 0.002) and significantly lower abso-
lute value of RBV compared to the group without it (p = 0.006) 
(Table  4). Additionally, DPI was significantly higher in the group 
with kininogen-dependent antiphosphatidylethanolamine antibody 
IgG [K (+) aPE IgG] than in the group without It (p = 0.017), while it 
was significantly lower in the group with kininogen-independent an-
tiphosphatidylethanolamine antibody IgM (K [−] aPE IgM) than in the 
group without it (p = 0.010). RPL women with at least one aPL had 
significantly lower DPI than those without aPL or control women 
(p = 0.013 and p < 0.001, respectively).

3.6  |  Analysis of factors associated with APG 
indices

This study employed linear regression analysis to evaluate the im-
pact of various factors on APG indices. For DPI, independent vari-
ables included age, BMI, presence of aβ2GPI IgG and presence of 
K (−) aPE IgM antibodies. Among these, the predictor variable BMI 
had a significant negative correlation with DPI, with a regression 
coefficient of –0.26 (95% CI: −0.44 to −0.09). Similarly, aβ2GPI IgG 
was negatively associated with DPI, with a regression coefficient of 
−2.57 (95% CI: −3.94 to −1.21). Through multiple regression analysis, 
it is possible to obtain: DPI = 122.38–0.26× (BMI) −2.57× (aβ2GPI 
IgG [0: negative,1: positive]).

Regarding SP, the independent variables included age, BMI, and 
sBP. Age was positively correlated with SP, with a regression coef-
ficient of 0.52 (95% CI: 0.21–0.83). The multiple regression analysis 
gives: SP = −111.37 + 0.52 (age).

In the case of RBV, the independent variables included age, BMI 
and LDL-C. There was a negative correlation between RBV and LDL-
C, with a regression coefficient of −7.25 (95% CI: −14.31 to −0.20). 
The regression analysis gives: RBV = −11.52–7.25 (LDL-C [0: normal, 
1: abnormal]).

Finally, the independent variables for BVT included age, BMI and 
sBP. The regression coefficient for age was −0.57 (95% CI: −0.85 to 
−0.29), for BMI was −0.48 (95% CI: −0.90 to −0.05), and for sBP was 
−0.20 (95% CI: −0.33 to −0.07). Age, BMI, and sBP were significantly 
negatively correlated with BVT. The multiple regression analysis 
yields: BVT = 11.66–0.57(age) –0.48(BMI) –0.20(sBP).

4  |  DISCUSSION

In the present study, RPL women had lower DPI than women in the 
control group, suggesting that women with RPL have poorer vascu-
lar function than control women even though it is subclinical level. 
DPI is a measure of the degree of atherosclerosis and changes in 
vascular elasticity, these indicators may provide information about 
health status in assessing atherosclerosis, vascular function, and 
hemodynamics, and are important to detect and prevent cardiovas-
cular diseases such as cardiovascular disorders, myocardial infarc-
tion, and cerebral infarction.28,29

It has been reported that women with RPL had vascular dys-
function. We have reported elevated uterine artery flow resistance 
in women with unexplained RPL and increasing systemic arterial 
stiffness.9 In our previous study, impaired uterine perfusion was ob-
served in a subgroup of women with RPL, and unknown factors were 
associated with pregnancy loss.11

Adrenomedullin is a cyclic peptide with cAMP-mediated vasodil-
atory properties, which is released when the vascular endothelium is 
damaged, and elevated adrenomedullin in the blood indicates vascu-
lar injury. In our previous study, RPL women had high plasma adre-
nomedullin levels in the mid-luteal phase of the non-pregnant cycle. 
Furthermore, plasma adrenomedullin concentrations are positively 
correlated with uterine artery PI and significantly higher compared 
with control women.10

Related research has shown that women who experienced RPL 
had a substantially increased risk of vascular dysfunction.8 These are 
consistent with the fact that the RPL women in this study had vascu-
lar dysfunction compared with the control women.

Women with at least one aPL antibody had a lower DPI com-
pared to the women without any antibodies. Those with aβ2GPI IgG 
antibodies had lower DPI compared to the group without aβ2GPI 
IgG antibodies. In multiple regression analysis, DPI was negatively 
correlated with BMI and aβ2GPI IgG. This study demonstrates that 
women with RPL have vascular dysfunction and are associated with 
aPL.

Impaired uterine perfusion may be associated with pregnancy loss 
and/or FGR and hypertensive disorders of pregnancy (HDP) while 
those are frequently observed in women with aPL.8 Previous stud-
ies have reported that HDP and/or FGR are linked to trophoblastic 
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invasion defects. aPL disrupt early trophoblast sensitization, causing 
issues like vasculopathy, thrombosis, and placental infarction later 
in pregnancy. Yet, the elevated uterine artery PI in previous studies 
likely reflects vascular dysfunction more than altered trophoblast 
entry.31 Prior research noted uterine artery vascular dysfunction in 
pregnant women with aPL, although predicting adverse pregnancy 
outcomes remained inconclusive.2,11,32 Our study strengthens the 
notion of vascular dysfunction in aPL associated RPL.

The present study revealed that aβ2GPI IgG was correlated with 
DPI. In our study, the DPI in the group with aβ2GPI IgG was signifi-
cantly lower than that of the group without aβ2GPI IgG. The involve-
ment of immune complexes containing oxLDL, β2GPI, and/or CRP in 
atherosclerosis is well-known.33–35 Autoantibodies directed against 
oxLDL/β2GPI complexes have been detected in patients with SLE 
and APS and have been shown to be strongly associated with ath-
erothrombosis.36 This evidence suggests that high levels of aβ2GPI 
IgG may be a risk factor for atherosclerosis.

Under normal conditions, vascular endothelial cells regulate 
blood flow by releasing a number of biologically active substances, 
such as nitric oxide (NO), to promote vasodilation. However, the 
presence of aβ2GPI antibody may interfere with the production and 
release of these normal bioactive substances, affecting the ability 
of blood vessels to dilate.37 This may lead to endothelial dysfunc-
tion, which may affect the elasticity and dilatability of blood vessels. 
Thus, aβ2GPI antibodies may have an effect on vascular exagger-
ation, which may lead to abnormal vascular function, affect blood 
flow regulation, and may even increase the risk of thrombosis and 
vascular problems.38 Our study suggests that aβ2GPI affects vascu-
lar health in women with RPL, in consistent with the above research.

Prior studies have demonstrated altered uterine artery blood 
flow and elevated markers of cardiovascular disease risk, suggest-
ing that early systemic blood vessel changes may be progressing in 
women with RPL.13 These changes result in atherosclerosis and ar-
terial thrombosis, and later lead to coronary artery disease and/or 
stroke.15,39

In our multiple regression analysis, DPI was negatively correlated 
with presence of aβ2GPI IgG and BMI, SP was positively correlated 
with age and BMI, RBV was negatively correlated with LDL choles-
terol, and BVT was negatively correlated with age, BMI, and sBP. The 
main risk factors for heart disease and stroke are known to be high 
blood pressure, LDL cholesterol, diabetes, smoking and second-hand 
smoke exposure, obesity, unhealthy diet and lack of exercise.40 This 
is consistent with our study in which vascular dysfunction in women 
with RPL was associated with age, BMI, sBP, and LDL-C. In practice, 
improvement of lifestyle such as proper exercise and a nutritionally 
balanced diet can help individuals improving weight status, blood 
pressure, and lipid metabolism, thereby improving vascular function 
and overall health.

We suggest that this non-invasive APG measurement has the po-
tential to be widely used for vascular testing in women with RPL at 
the clinical level in the future. By measuring APG, it is also possible 
to predict which cardiovascular events will occur in women with RPL 

later in life, and this data can be effective in motivating them to im-
prove their lifestyles and reduce the likelihood of vascular dysfunc-
tion. Further studies will shed more light on the mechanisms of RPL 
and provide more information on the link between RPL and vascular 
dysfunction, leading to more information on effective treatment for 
women with PRL.
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