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ARTICLE INFO ABSTRACT

Keywords: Background: Maintaining healthy vascular structure and function is important for a healthy
Preeclampsia ) pregnancy. Obesity is a well-known predictor for poor postoperative outcomes of vascular sur-
Pulse wave velocity gery. However, the association between pulse wave velocity (PWV), a well-recognized parameter

Pregnancy-associated diseases
Arteriosclerosis
Gestational diabetes mellitus

for arterial stiffness assessment, and pregnancy-associated diseases is still unclear. Therefore, we
conducted this systematic review, and a meta-analysis was performed to assess the relevant
associations.

Methods: We systematically searched the Web of Science and PubMed databases to obtain articles
on PWV and pregnancy-associated diseases published before April 2023. The mean with standard
deviation was used to assess the differences in PWV in pregnant women with or without relevant
diseases. Subgroup analysis was conducted according to specific types of PWV. The Newcastle-
Ottawa Scale was used to evaluate the quality of the enrolled studies.

Results: A total of 6488 individuals from 21 studies were included. All enrolled studies were high-
quality. Overall, the PWV was elevated in pregnant women who suffered from preeclampsia
(mean difference (MD) = 0.67, 95 % confidence interval (CI): 0.51,0.83, P < 0.00001), hyper-
tension (MD = 1.04, 95 % CI: 1.00,1.08, P < 0.00001), gestational diabetes mellitus (MD = 0.34,
95%CI: 0.19,0.48, P < 0.00001), and diabetes (MD = 0.49, 95%CI: 0.27,0.70, P < 0.00001).
Subgroup analysis based on specific types of PWV showed similar results.

Conclusion: In our study, PWV is elevated in pregnancy-associated diseases, including pre-
eclampsia, hypertension, and diabetes. The PWV assessment should be regarded as a clinical
routine for pregnant women to prevent and manage cardiovascular diseases during pregnancy.

1. Introduction

With the younger onset of cardiometabolic disease and the delayed age of childbearing, the incidence of comorbidities and
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complications during pregnancy, such as pre-eclampsia and gestational diabetes, is increasing [1-5]. These complications can lead to
low birth weight babies, increased maternal comorbidities, and even miscarriage and maternal death [6-9]. Maintaining healthy
vascular structure and function is important for a healthy pregnancy. Arteriosclerosis is one of the manifestations of abnormal vascular
status. Arteriosclerosis is associated with abnormal regulation of blood pressure, which in turn increases the risk of developing
hyperemesis gravidarum and pre-eclampsia [10,11]. Arteriosclerosis is also affected by metabolic-related risk factors such as diabetes
[12]. It is, therefore, necessary to analyze the link between arteriosclerosis and comorbidities and complications in pregnancy.

PWV, a non-invasive measure of arterial elasticity, represents an essential index for evaluating cardiovascular health and
atherosclerosis burden in various populations [13,14]. Increased PWV values have been consistently associated with the development
and progression of cardiovascular diseases, including arteriosclerosis, hypertension, and atrial fibrillation [15,16]. Nevertheless, the
relationship between pre-eclampsia and PWV alterations remains unexplored, warranting further investigation to understand better
the pathophysiological mechanisms involved.

PWYV has been observed to be elevated to varying degrees during different gestational periods [17]. Several pregnancy-related
comorbidities, including hypertension with pregnancy, gestational diabetes mellitus, and gestational hypertension, increase the risk
of adverse pregnancy outcomes such as pre-eclampsia. The development of these conditions is characterized by alterations in placental
blood flow resistance, abnormal endothelial cell function, and changes in blood composition, which in turn may impact vascular
elasticity. However, there remains a need to clarify the specific circumstances in which pregnant women exhibit elevated PWV
compared to healthy pregnant women and understand the relationship between elevated PWV and pregnancy-associated diseases.
Accordingly, this study aims to investigate the association between PWV and pregnancy-associated diseases to characterize this
relationship further.

2. Materials and methods

This work was executed by the Preferred Reporting Items for Systemic Reviews and Meta-analysis(PRISMA) guidelines [18]. The
protocol for this systematic review was developed prospectively and registered in PROSPERO (CRD42023438243).

2.1. Literature search

We conducted a systematic literature search by searching PubMed and Web of Science in April 2023. Studies that assessed the
association between PWV and pregnancy were identified through a full-text review. The following terms and their combinations were
employed: “PWV,” “pulse wave velocity,” “pregnancy,” “gestational,” “preeclampsia,” “gestational diabetes mellitus,” “GDM,”
“gestational hypertension,” “hypertension with pregnancy.”

”» [T

2.2. Selection criteria

The inclusion criteria were as follows [1]: studies that assessed the association between PWV and pregnancy-associated disease,
including preeclampsia, gestational diabetes, gestational hypertension, and chronic hypertension with pregnancy-associated disease
[2]; the results contained mean with the standard deviation or median with quartile of any types of PWV in pregnant women with or
without diseases mentioned above.

The exclusion criteria were as follows [1]: studies that were reviews, letters, meeting abstracts, case reports, commentary, or
editorials [2]; duplicate studies with overlapping data [3]; studies that reported invalid data that could not be pooled; and [4] the
control population was non-pregnant women.

According to the selection criteria, the initial studies screening was based on titles and abstracts. Then, the full texts of the potential
studies were assessed. An additional manual search of references from identified studies was also performed. All studies were inde-
pendently screened by two reviewers (Jie Xu and Yucong Zhang). A third researcher (Yue Huang) was consulted to resolve
disagreements.

2.3. Data extraction and quality assessment

Data extraction was conducted by two independent reviewers. Sample size, age, BMI, types of PWV, and types of pregnancy-
associated disease were collected as baseline data.

To assess the association between PWV and pregnancy-associated disease, we extracted the results of the PWV assessment.

Two reviewers independently assessed the quality of enrolled studies by using the Newcastle-Ottawa Quality Assessment Scale
(NOS)(56). A third reviewer was discussed to resolve discrepancies. Funnel plots were applied to examine the potential publication
bias for comparisons that included more than 5 studies.

2.4. Data analysis

Medians with quartiles were transformed into means with standard deviations for pooled estimates by using the webpage tool in the
BOX-COX manner developed by McGrath et al. [19]. RevMan 5.3 (the Nordic Cochrane Centre, Copenhagen, Denmark) was used to
conduct the meta-analysis. A random-effects model was applied for pooled analysis to achieve conservative results. Heterogeneity was
tested by the chi-squared test and I statistic. p < 0.05 or I? >50 % indicated significant heterogeneity. The overall effects were
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determined by the Z test, and p < 0.05 was considered statistically significant. Subgroup analysis was performed based on specific
adverse events. Subgroup analysis was conducted according to specific types of PWV.

3. Results
After removing duplicate articles, 443 articles were identified in the initial database search. After screening titles and abstracts, 47
articles remained for further full-text evaluation. Finally, 21 articles were included in the meta-analysis [20-40] (see Fig. 1). Sup-

plementary Table 1 summarizes the basic information and patient baseline characteristics of these studies. Supplementary Table 2
summarizes the quality assessment of articles included by the Newcastle-Ottawa Scale.

3.1. Differences in PWV in pregnant women with or without preeclampsia

Ten cross-sectional studies assessed PWV at the time of preeclampsia [20-28,38]. The pooled results showed that the PWV (mean
difference (MD) = 0.67, 95 % confidence interval (CI): 0.51,0.83, P < 0.00001) was significantly higher in women with preeclampsia
than those without preeclampsia. However, Nienke et al. [27] did not find a significant association between cfPWV and preeclampsia

development (see Fig. 2). In the subgroup analyses, both cfPWV and apPWV increased significantly, similar to the overall results.
Publication bias was assessed by a funnel plot (Supplementary Fig. 1), which indicated moderate publication bias.

3.2. Differences in PWV in pregnancies with or without hypertension

Three studies reported the PWV in pregnancies with hypertension [21,37,40]. The PWV (MD = 1.04, 95 % CI: 1.00,1.08, P <
0.00001) was elevated in pregnancies with hypertension, including hcPWV and APWV (see Fig. 3).

3.3. Differences in PWV in pregnancies with or without gestational diabetes mellitus (GDM)

Seven studies reported PWV in pregnancies with GDM(29,30,30,33-35,39). The pooled results showed that PWV (MD = 0.34, 95%
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Fig. 1. Preferred reporting items for systemic reviews and meta-analysis flow diagram of literature screening.
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Fig. 2. Forest plot of PWV in women with or without preeclampsia. PWV, pulse wave velocity.
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Fig. 3. Forest plot of PWV in pregnancies with or Without hypertension. PWV, pulse wave velocity; HTN, hypertension.

CIL: 0.19,0.48, P < 0.00001) was significantly increased in pregnant women with GDM than those without, including cfPWV and
carotid-finger PWV, but not apPWV. However, two studies did not show a significant association between aortic PWV and the inci-
dence of GDM (see Fig. 4). Publication bias was assessed by a funnel plot (Fig. S2), which indicated moderate publication bias.

3.4. Differences in PWV in pregnancies with or without diabetes

The pooled results showed that PWV (MD = 0.49, 95%CI: 0.27,0.70, P < 0.00001) was significantly higher in pregnant women with
diabetes than those without diabetes, including cfPWV and hcPWV. The heterogeneity was significant (p = 0.007) among the included

studies (see Fig. 5).

4. Discussion

PWV is the gold standard for assessing the degree of arteriosclerosis and evaluating the risk of cardiovascular disease (CVD)
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Fig. 4. Forest plot of PWV in Pregnancies with or Without GDM. PWV, pulse wave velocity; GDM, gestational diabetes mellitus.
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Fig. 5. Forest plot of PWV in Pregnancies with or without Diabetes. PWV, pulse wave velocity.

occurrence. Our findings demonstrated that pregnant women with a history of pre-eclampsia exhibited elevated PWV, as do those with
other pregnancy complications, which were consistent with previous studies evaluating endothelial function. These studies have re-
ported decreased flow-mediated dilation in the brachial or radial arteries of women with pre-eclampsia, indicating endothelial
dysfunction [41-43]. However, the causal relationship between changes in PWV and the development of pre-eclampsia remains
unclear.

Preeclampsia is a multisystem disorder specific to pregnancy, characterized by hypertension and proteinuria [44]. It is considered
one of the most prevalent pregnancy complications worldwide, contributing to maternal morbidity and mortality rates and preterm
neonatal delivery [45,46]. Furthermore, accumulating evidence has highlighted a significant association between pre-eclampsia and
increased long-term risks of cardiovascular disease. The pathophysiology underlying pre-eclampsia remains incompletely understood.
However, current research suggests that an intricate interplay between dysregulation of the renin-angiotensin-aldosterone system,
endothelial dysfunction, and alterations in hemostasis and blood composition contributes to disease development. Notably, placental
abnormalities, including inadequate trophoblast invasion and the formation of a shallow, defective spiral artery, lead to impaired
uteroplacental blood flow, oxidative stress, and systemic inflammation.

Gestation with hypertension was also associated with a significant elevation in PWV compared to normal pregnancies, as reported
by prior research. This elevation may be attributed to arterial remodeling and thickening resulting from vascular injury and the
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inflammatory response of hypertension [47]. Furthermore, hypertension during pregnancy often leads to alterations in various
pathophysiological parameters, such as increased blood volume, cardiac output, and peripheral vascular resistance, which may
contribute to elevated PWV. These changes further increase the risk of cardiovascular disease and adversely affect maternal and fetal
health.

Our meta-analysis found that gestational diabetes mellitus (GDM) similarly elevated PWV in pregnant women. To the best of our
knowledge, this is the first meta-analysis reporting the effect of GDM on arterial stiffness during pregnancy. The elevation in PWV was
more pronounced in peripheral arteries compared to the aorta, potentially due to a slower peripheral vascular blood flow leading to a
more pronounced persistent hyperglycemic state. This hyperglycemic state induces an inflammatory response and impairs endothelial
function, ultimately resulting in vascular sclerosis [48-50]. Additionally, it has been established that women with GDM have a
significantly higher risk of developing pre-eclampsia, which may explain why GDM is associated with adverse pregnancy outcomes.
The role of PWV in the development of pre-eclampsia in patients with gestational diabetes should be investigated in the future.

Furthermore, pregnant women with pre-existing diabetes mellitus also exhibited elevated PWV compared to normal pregnancies,
although the magnitude of this change was less pronounced than in women with GDM. This difference may be attributed to the altered
hormone levels and blood flow in pregnant women with diabetes mellitus. Although insufficient evidence currently supports an
increased risk of pre-eclampsia in women with diabetes mellitus during pregnancy, the presence of common factors contributing to
vascular stiffness in such patients cannot be ignored.

The current studies regarding PWV and pregnancy were cross-sectional studies; cohort studies should be conducted to provide
longitudinal evidence further to confirm the association between complicated pregnancy and PWV. In addition, future studies should
identify appropriate kinds of PWV for predicting the risk of cardiovascular diseases. The PWV change before pregnancy, during
pregnancy, and after delivery should be analyzed, especially for different stages of conception. The PWV examination should be
regarded as a clinical routine before pregnancy, which may be beneficial for preventing and managing cardiovascular diseases during
pregnancy. Moreover, it is of great significance to investigate the role of pregnancy in the development of cardiovascular diseases for
arteriosclerosis women, which requires much longer follow-up and comparison with women without a history of pregnancy. In-time
and effective management strategy should be established for pregnant women with arteriosclerosis to prevent further cardiovascular
diseases.

5. Limitation
Some limitations of the current study should be noted. All included studies were cross-sectional evidence, which could not confirm

the causal relationship between elevated PWV and complications in pregnancy. Second, the types of PWV varied among the included
studies, although we conducted relevant subgroup analysis.

6. Conclusion

In our study, PWV is elevated in pregnancy-associated diseases, including preeclampsia, hypertension, and diabetes. The PWV
assessment should be regarded as a clinical routine for pregnant women to prevent and managing cardiovascular diseases during
pregnancy.
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