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Abstract

Background: Brain resting-state functional networks are extensively utilized in research on psychiatric disorders. Meanwhile, preg-
nancy promotes specific and substantial changes in neural structure and network integration, which are most prominent in the default
mode network (DMN). Prior studies have established a relationship between hypertensive disorders in pregnancy (HDP) and mental
disorders. Nevertheless, the causal influence of brain resting-state functional networks on HDP is poorly understood. Methods: A bidi-
rectional two-sample Mendelian randomization (MR) framework was applied to estimate the causal effects of 191 resting-state functional
magnetic resonance imaging (rsfMRI) phenotypes (sample size: 34,691) on five HDPs, and vice versa. The five HDP conditions were
gestational hypertension (GH), pre-eclampsia (PE), eclampsia, chronic hypertension, and PE superimposed on chronic hypertension.
Results: Forward MR estimates identified a potential causal relationship between one rsfMRI phenotype (attention, salience, and motor
network) and chronic hypertension in pregnancy. The MR analysis of the reverse direction revealed that chronic hypertension in preg-
nancy may exert a causal influence on three rsfMRI phenotypes: the motor and subcortical-cerebellum network, the attention, salience,
and motor network, and the subcortical–cerebellum and motor network. The causal relationship between the attention, salience, and the
motor network and chronic hypertension in pregnancy was found to be bidirectional. Conclusions: Our findings reveal a potential causal
relationship between altered patterns of intrinsic brain connectivity and chronic hypertension in pregnancy. These results provide crucial
evidence for an association between chronic hypertension in pregnancy and alterations in functional brain networks.
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1. Introduction

Hypertensive disorders in pregnancy (HDP), includ-
ing chronic (pre-existing) hypertension, gestational hyper-
tension (GH), pre-eclampsia (PE), and eclampsia, are some
of the most frequent obstetric complications [1,2]. The
global prevalence of HDP is about 116/100,000, but signif-
icant geographical disparities exist, with Africa having the
highest prevalence (335/100,000) and the Western Pacific
region the lowest (16/100,000) [3]. The global incidence
of HDP reached 18.1 million in 2019 [4], causing 27,800
maternal deaths. In addition, 200,000 maternal stillbirths
occur globally each year due to HDP [5].

HDP induces neuronal structural changes and neu-
roglial cell proliferation, as well as elevated levels of in-
flammatory cytokines [6]. Women with a prior diagnosis of
HDP have a considerably heightened risk of cognitive im-
pairment and Alzheimer’s disease [7]. Moreover, women
with a lifetime history of PE during at least one pregnancy
have a 3.5-fold higher risk of vascular dementia, associated

with a 50% greater risk of developing Alzheimer’s disease,
and a 1.4-fold increased risk of developing other demen-
tias. Those with a history of recurrent PE have a higher
risk of dementia compared to women with PE in just one
pregnancy [8,9]. The long-term neurological effects of PE
include cognitive impairments such as impaired memory,
attention deficits, and motor deficits [10]. Compared to
control females with no PE, those with past experiences
of PE had greater local efficiencies in the prefrontal cortex
and anterior cingulate cortex, but less local efficiencies and
measures of local network segregation in the amygdala and
parahippocampal gyrus cortex [11]. Furthermore, no sta-
tistically significant differences were found in overall func-
tional brain structure between PE women and controls. A
Mendelian randomization (MR) analysis found that both PE
and eclampsia were inversely correlated with gray matter
volume in the brain, and negatively associated with brain
volume [12].

Multiple mental disorders increase the risk of HDP
[13,14]. Patients with depression, bipolar disorder, anxi-
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ety disorders, bipolar disorder, and schizophrenia spectrum
disorders are at higher risk for PE [15–18]. According to
the available research evidence, HDP has impacts on brain
function and structure.

Previous investigations have detected structural brain
anomalies in psychiatric disorders, implying that corti-
cal structural dysfunction might play a role in psychiatric
disorders [19]. Recently, several discoveries with MR
have prompted the investigation of multiple causal associa-
tions with brain structure and psychiatric disorders [20,21].
Multiple brain regions synergistically engage in specific
brain functions. Functional brain networks are a higher-
dimensional organization compared to static brain struc-
tures and are associated with many of the higher neurocog-
nitive processes. The pattern of functional connectivity in
the brain is the foundation for the complex roles it performs.
Connections and transmission among functional webs un-
derpin perception, action, and sentiment. The brain can stay
spontaneous during the resting state, and resting-state func-
tional magnetic resonance imaging (rsfMRI) is frequently
utilized to image functionally active brain regions [21].
Various intrinsically organized brain networks have consis-
tently been observed during the resting state using fMRI.
These include the salience network, the default mode net-
work (DMN), the central executive network, the somato-
motor network, and the attention network [22,23]. Increas-
ing evidence suggests that patients with mental illness have
dysfunctional brain function networks. While mental ill-
ness is a known high risk factor for HDP, there are few
studies on the causal relationship between HDP and rsfMRI
phenotypes. Addressing the causal relationship between
functional brain networks and HDP will help to understand
the pathogenesis of HDP and may provide insights into po-
tential therapeutic targets for HDP, such as specific func-
tional brain networks.

In accordance with Mendel’s laws of inheritance, MR
employs genetic variation related to exposure as a tool to
infer causal relationships between exposure and outcome
[24–26]. Causal inferences regarding HDP and rsfMRI can
be drawn by using MR analysis in conjunction with the ge-
netic findings of HDP and rsfMRI. MR analysis can be re-
garded as a natural randomized controlled trial that mini-
mizes the impacts of confounding factors [26]. While there
is increasing recognition of the associations between HDP,
psychiatric risks, and structural brain changes, the causal
relationship between HDP and the organization of higher-
order, intrinsic functional brain networks remains largely
unexplored. Addressing this knowledge gap is critical, as
functional networks serve as the foundation for cognition
and behavior. Therefore, in the current study we designed
a bidirectional, two-sample MR analysis to systematically
evaluate the potential causal relationship between 191 brain
resting-state functional networks and HDP. This study is the
first to specifically examine and provide evidence for causal
interplay between functional network phenotypes and HDP.

It provides novel insights into the neural procedure underly-
ing these disorders, and identifies possible targets for future
research and intervention.

2. Materials and Methods
2.1 Genome-wide Association Study (GWAS) Data and
Study Design

The brain rsfMRI dataset used in this research was
derived from an earlier study [27] in which the relation-
ships between 1777 inherent brain activity phenotypes
and 9,026,427 usual nucleotide variants were explored
in a UK Biobank sample (n = 34,691). Among 1777
traits, 191 traits significantly (p < 5 × 10−8) influenced
by inherited variation were screened by GWAS. These
consisted of 75 amplitude traits (nodes) reflecting local
intrinsic brain activity, 111 paired functional connectivity
(edges), and 5 worldwide functional connectivity. Among
these 191 phenotypes are salience, default mode, central
executive, somatomotor, attentional, limbic, and visual
networks. In the present study, HDP was categorized
into five diseases, and GWAS data for each was acquired
from the FinnGen database (https://www.finngen.fi/):
GH (GWAS ID: finn-b-O15_HYPTENSPREG), PE
(GWAS ID: finn-b-O15_PREECLAMPS), PE and eclamp-
sia (GWAS ID: finn-b-O15_PRE_OR_ECLAMPSIA),
chronic hypertension in pregnancy (GWAS ID: finn-
b-O15_EXIST_HYPERT_COMPLIC), and PE super-
imposed on chronic hypertension (GWAS ID: finn-b-
O15_PREECLAMPS_CHRONIC_HYPERT). All GWAS
datasets for HDP consist solely of samples with European
ancestry.

2.2 Instrument Selection
We employed a bidirectional two-sample MR in-

spection to investigate the causal connection between 191
brain rsfMRI phenotypes and HDP. For forward MR, brain
rsfMRI phenotypes were treated as exposures to estimate
their causal effect on HDP outcomes. In the reverse MR
analysis, HDP was considered as the exposure factor and
brain rsfMRI phenotype as the consequence. The instru-
mental variables (IVs) utilized for MR analysis met the fol-
lowing three fundamental suppositions: (1) a significant
connection exists between IVs and exposure factors; (2)
IVs are not influenced by potential confounding factors;
and (3) IVs affect outcomes solely through exposure fac-
tors [28,29].

Ameticulous process was followed to screen qualified
IVs for MR analysis. First, only single nucleotide poly-
morphisms (SNPs) that were strongly related to exposure
(p < 5 × 10−6) were chosen. Second, linkage disequilib-
rium (LD) was performed to select independent SNPs (r2
= 0.001, clump = 10,000 kb). Third, we eliminated SNPs
related to known confounders, i.e., smoking, alcohol con-
sumption, body mass index, education, and socioeconomic
status. The F-statistic was utilized to gauge the strength of
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the IV, with an F-statistic of>10 implying a low likelihood
of bias from invalid instruments in MR analysis [20,30].
Calculation of the F statistic is as follows: F = R2(N – 2)/1
– R2, where R2 quantifies the fraction of phenotypic vari-
ance attributable to genetic variation, and N refers to the
sample size. The calculation of R2 relies on β (the genetic
effect size from the exposure GWAS data), s.e. (standard
error of the effect size), and sample size (N), with the for-
mula being R2 = β2/(β2 + s.e.2 × N). Finally, palindromic
SNPs with minor allele frequencies close to 0.5 were elim-
inated by harmonizing exposure and outcome data. At the
end of these quality control procedures, unresolved SNPs
were regarded as being eligible IVs.

2.3 Bidirectional Two-sample MR Analysis
Bidirectional two-sample MR analysis was conducted

to investigate the causal connection between HDP and
rsfMRI phenotype. In the forward MR analysis, brain
rsfMRI was taken as the exposure factor and HDP as the
outcome factor. In the reverse MR analysis, HDP was
regarded as the exposure factor and brain rsfMRI as the
outcome factor. The inverse variance weighting (IVW)
method was employed as the main approach for causal in-
ference. The Wald ratio was applied to evaluate causal-
ity when there was only one eligible IV. When there were
two eligible IVs, the IVW method was utilized. Four other
MR methods were also utilized to enhance the reliability of
MR estimates: theMR-Egger method, the weightedmedian
method, the simple mode method, and the weighted mode
method. A causal connection between exposure and out-
come was assumed only when the estimates from the var-
ious methods in the MR analysis satisfied the subsequent
requirements.

(1) When more than two eligible IVs were incorpo-
rated into the analysis, the estimates for all five causal effect
assessment methods converged in the same direction, and
the p-value for the IVW practice was <1.31 × 10−4 (Bon-
ferroni correction, 0.05/191/2, where 191 is the number of
rsfMRI phenotypes and 2 represents forward and reverse
MR analysis). This p-value threshold takes into account the
number of rsfMRI phenotypes tested and the bidirectional
nature of the analysis.

(2) The p-value was <1.31 × 10−4 for the Wald ratio
or IVW method when only one or two eligible IVs were
incorporated in the analysis.

2.4 Sensitivity Analysis
A set of responsiveness investigations was carried out

to examine the robustness of the MR estimates. First, the
MR Pleiotropy Residual Sum and Outlier (MR-PRESSO)
international test was performed to verify the existence
of horizontal multinomiality (p < 0.05) [31]. Second,
MR-Egger regressions were carried out, with the inter-
cept of an MR-Egger regression representing the average
pleiotropic effect across all instruments, with a non-zero

value. A p-value < 0.05 indicates the existence of direc-
tional pleiotropy [20,32]. SNP heterogeneity was evaluated
using Cochran’s Q statistic. Sensitivity analysis was also
performed by calculating the false discovery rate (FDR).
After FDR correction, a q-value of <0.05 indicates robust
results. All analytical procedures were carried out using R
software (v4.3.1, R Foundation for Statistical Computing,
Vienna, Austria).

3. Results
3.1 Overview of the Study

To investigate a possible causal relationship between
resting-state functional networks in the brain and HDP, we
carried out a bidirectional, two-sample MR analysis using
GWASpooled data of rsfMRI phenotypes andHDP (Fig. 1).
Following a succession of rigorous and exacting screening
procedures, qualified IVs were selected for the MR anal-
ysis. Sensitivity analyses were performed to assess the va-
lidity of forward and reverse MR extrapolation, with the re-
sults indicating this bidirectional MR estimate of causality
was reliable.

3.2 Causal Effects of rsfMRI Phenotype on HDP
In the forward MR analysis, a probable causal re-

lationship was identified between one rsfMRI phenotype
(Attention, Salience, and Motor network) and chronic hy-
pertension in pregnancy [Odds Ratio (OR): 0.027, 95%
CI: 0.005–0.153, p = 4.57 × 10−5, qFDR = 4.57 × 10−5]
(Fig. 2). No significant associations were found between
the remaining rsfMRI phenotypes and HDP.

3.3 Causal Effects of HDP on rsfMRI Phenotype
In the reverse MR analysis, a potential causal relation-

ship was found between chronic hypertension in pregnancy
and three rsfMRI phenotypes: the Motor and Subcortical-
cerebellum network (OR: 0.912, 95% CI: 0.866–0.960, p =
4.50× 10−4, qFDR = 4.50× 10−4); Attention, Salience and
Motor network (OR: 0.889, 95% CI: 0.844–0.935, p = 6.46
× 10−6, qFDR = 6.46 × 10−6); and Subcortical-cerebellum
and Motor network (OR: 0.898, 95% CI: 0.853–0.946, p =
5.48 × 10−5, qFDR = 5.48 × 10−5) (Fig. 3). No significant
causal relationships were found between any of the other
HDP and rsfMRI phenotypes.

3.4 Sensitivity Analysis
Detailed results of all responsiveness analyses, in-

cluding Cochran’s Q test, MR-Egger intercept test, and
MR-PRESSO test, are presented in Supplementary File
1. The Cochrane Q-test indicated that only a small num-
ber of forward and reverse MR analyses exhibited hetero-
geneity. Likewise, only some of the IVs incorporated in
the MR analyses showed significant horizontal pleiotropy.
MR-PRESSO results demonstrated that virtually no IVs ex-
hibited significant horizontal pleiotropy. These results im-
ply the associations identified in the forward and reverse
MR analyses are mostly reliable.
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Fig. 1. Flowchart of the study design for bidirectional Mendelian randomization (MR) of resting-state functional magnetic reso-
nance imaging (rsfMRI) and hypertensive disorders in pregnancy (HDP).

Fig. 2. MR analysis results when rsfMRI is used as the exposure factor and HDP as the outcome factor. The Attention, Salience,
andMotor network was significantly associated with chronic hypertension in pregnancy when rsfMRI phenotype was used as an exposure
factor and chronic hypertension in pregnancy was used as an outcome factor. OR, Odds Ratio; IVs, instrumental variables.

4. Discussion

The connection between HDP and psychiatric disor-
ders has been extensively investigated, with MR studies on
psychiatric disorders and the resting state network of the
brain revealing a causal relationship between the two [21].
However, the relationship between HDP and the resting
state network of the brain has yet to be investigated, includ-
ing an analysis of whether a causal relationship exists. In
the current research, we therefore conducted a bidirectional,
two-sample MR analysis to examine the causal relationship
between 191 brain rsfMRI phenotypes and HDP. The At-
tention, Salience and Motor network and chronic hyperten-
sion in pregnancy were found to be causally related. The

very low OR value observed indicates a strong protective
effect, meaning that a genetically predicted increase in the
functional activity of this specific brain web is related to a
substantially lower risk of developing chronic hypertension
in pregnancy. However, the large CI and the extreme point
estimate should be noted, as these could reflect the statis-
tical imprecision inherent in a single-IV analysis, and may
not accurately represent the true biological effect size. In
the reverse MR analysis, a potential causal relationship was
found between chronic hypertension in pregnancy and three
rsfMRI phenotypes: the Motor and Subcortical-cerebellum
network; the Attention, Salience and Motor network; and
the Subcortical-cerebellum and Motor network. Critically,
this causal inference is based on a single genetic instrument.
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Fig. 3. MR analysis when chronic hypertension in pregnancy was used as an exposure factor and rsfMRI phenotype was used
as an outcome factor. (A) Motor and Subcortical-cerebellum network; (B) Attention, Salience and Motor network; (C) Subcortical-
cerebellum and Motor network.

While the F-statistic for this SNP was strong, indicating a
low likelihood of weak instrument bias, results from Wald
ratio estimators are more susceptible to bias from horizon-
tal pleiotropy compared to methods utilizing multiple in-
struments. These results should therefore be interpreted
with caution. Compared with the multi-SNP method, the
Wald ratio method offers less protection against horizontal
pleiotropy. However, the strength of this association and its
biological rationality provide credibility to the findings.

MR analysis of structural alterations in specific brain
regions due to HDP found that chronic hypertension com-
bined with PE can result in increased cortical thickness in
the supramarginal gyrus. PE and eclampsia led to corti-
cal thinning in the lingual gyrus, increased hippocampal
volume, and parietal lobular surface area. Chronic hyper-
tension was associated with reduced cortical thickness in
the caudal and rostral anterior cingulate gyrus, increased
cuneate lobe surface area, and orbital cortical thickness. No
significant changes in brain regions were found in GH [33].
These insights clarify the neural and cognitive impacts of
HDP by identifying the affected brain regions. The con-
nectivity patterns in hypertension mainly involve the cere-
bellum, prefrontal lobes, anterior insula, anterior cingulate
cortex, superior marginal gyrus and precuneus, which are
crucial regions of the central autonomic network engaged
in cognitive processing [34]. Chronic hypertension dis-
rupts the integrity of the blood-brain barrier, promotes neu-
roinflammation, and may lead to amyloid deposition and
Alzheimer’s disease [35]. Hypertensive rats exhibit behav-
ioral changes, as well as impairedmotor and cognitive func-
tion [36,37]. AnMRI study of the brain of pregnant women
with chronic hypertension and PE revealed a significantly

smaller volume of gray matter of the right middle tempo-
ral gyrus (MTG) cluster compared to nonpregnant healthy
controls [38]. The authors suggested this alteration might
be due to pregnancy, and that chronic hypertension com-
bined with PEwas not the primary cause of the change. The
MRI of the head in untreated hypertensive women shows
edematous changes in the brainstem, comprising the sub-
cortex, cerebellum, and pons. Right MTG affects speech
motor and cognitive flexibility [38]. The rsfMRI results in
patients with hypertension combined with fundus lesions
indicated higher degree centrality values in the left poste-
rior cerebellar lobe, left medial occipital gyrus, and bilat-
eral precuneus compared to the control group, while the av-
erage degree centrality values were lower in the right me-
dial frontal gyrus/bilateral anterior cingulate cortex. The
degree centrality values mirrored changes in spontaneous
brain activity [39]. Another study examined changes in
brain activity through the amplitude of low-frequency fluc-
tuations (ALFF) in brain regions [40]. Compared to con-
trols, ALFF values in the left medial superior frontal lobe
and left middle frontal lobe were lower in hypertension
combined with fundopathy, but higher in the cerebellum
(left inferior lobe, right superior lobe, etc.) and left inferior
temporal gyrus. These associations were partly attributed
to insufficient cerebral perfusion. MRI findings revealed
that chronic hypertension in non-pregnant patients can lead
to multiple low-signal lesions involving deep gray matter
nuclei, such as the basal ganglia, thalamus, corona radi-
ata, brainstem, and cerebellum [41]. Alterations in brain
structure and function in non-pregnant hypertensive pa-
tients might be related to two rsfMRI phenotypes because
of chronic hypertension and concomitant pregnancy.
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Pregnancy is known to result in long-term alterations
in the human brain structure. Nevertheless, only limited
knowledge exists regarding the altered topological organi-
zation of functional networks. Compared to non-pregnant
control women, the network pivot node of first-time moth-
ers shifted from the left inferior temporal gyrus to the
right precentral gyrus. Moreover, the network of first-time
mothers showed enhanced global efficiency, greater lo-
cal efficiency, increased clustering coefficients, shortened
characteristic path lengths, decreased normalized cluster-
ing coefficients, and shortened normalized characteristic
path lengths [42]. In the later stage of pregnancy, preg-
nant women had smaller cortical volumes than controls in
all functional networks, although these differences were re-
duced in the early postnatal period [43]. A comprehensive
preconception cohort study examined whether pregnancy
is related to changes in resting-state brain activity, white
matter microstructure, neurometabolite concentrations, and
gray matter structure. Pregnancy causes selective and in-
tense alterations in neural structure and neural network or-
ganization that are most prominent in the DMN. These
neural changes are associated with pregnancy hormones,
mainly late gestational estradiol, rather than with other fac-
tors such as osmotic effects, stress, or sleep. The reductions
in gray matter volume in the brain were concentrated bilat-
erally at the superior temporal sulcus and temporoparietal
junction, and in the anterior and posterior midline of the
brain. Reductions were also found in clusters situated in the
anterior cuneate and posterior cingulate cortex, as well as in
the medial prefrontal cortex that extends to various lateral
frontal regions. Strong structural changes in the DMNwere
observed throughout pregnancy, with significant clustering
in the comparison of DMN in the bilateral cuneate lobes.
Correlation analyses revealed an association between the
observed changes in gray matter volume and estradiol lev-
els [44].

Changes in brain function can influence chronic hy-
pertension in pregnancy primarily through the association
between psychiatric disorders and the subsequent onset of
hypertension [45]. Women with anxiety or depression may
exhibit significantly elevated blood pressure during preg-
nancy [46]. Reduced intrinsic connectivity within the fron-
toparietal network has been observed in depression, accom-
panied by weakened connections between the frontopari-
etal system and parietal regions of the dorsal attention net-
work [47]. Conversely, anxiety disorders are associated
with functional decline in both the frontoparietal network
and the DMN [48]. This evidence suggests that psychiatric
disorders linked to alterations in brain functional connectiv-
ity may play a significant role in the relationship between
functional brain changes and chronic hypertension compli-
cating pregnancy.

There are several limitations to this study. Firstly,
the GWAS dataset we employed was mainly from a Eu-
ropean population. Consequently, the genetic instruments

and the estimated causal effects may not be directly gen-
eralized to other groups because of potential differences in
genetic architecture, LD patterns, and environmental expo-
sures. Therefore, the applicability of our findings to non-
European populations remains to be established and war-
rants further study in large-scale, multi-ancestry cohorts.
Secondly, the causal relationship between chronic hyper-
tension in pregnancy and rsfMRI phenotypes was analyzed
based on only one eligible IV, potentially influencing the
reliability and stability of the results. The F-statistic for
this SNP was strong, indicating a low likelihood of weak
instrument bias. However, results from Wald ratio estima-
tors are more susceptible to bias from horizontal pleiotropy
compared to methods utilizing multiple instruments. Al-
though the sensitivity analyses and the consistency of the
direction of effect across related phenotypes lend credibil-
ity to our findings, these results should be interpreted with
caution and further validation in larger studies is needed.
Thirdly, despite the multiple sensitivity analyses, the re-
sults of this study may have been affected by potential con-
founders due to the lack of original baseline characteristics
(e.g., age, history of prior HDP disease). While the MR
design reduces confounding by leveraging genetic instru-
ments, residual bias from unmeasured confounders cannot
be entirely ruled out. Importantly, our analysis was limited
by the lack of individual-level data on key obstetric fac-
tors such as gestational age at diagnosis, disease severity,
parity, and the timing of rsfMRI assessment relative to the
hypertensive pregnancy. These factors could potentially in-
fluence both the genetic predictors of brain function and the
risk of HDP. Their absence limits our ability to fully disen-
tangle the precise temporal and clinical context of the ob-
served associations. Consequently, while the strength of the
association and the biological plausibility lend credibility to
our findings, they must be considered preliminary. Further
validation is required with larger GWAS summary statis-
tics, enabling the identification of more IVs for these spe-
cific phenotypes. Finally, although our MRI analyses iden-
tified several potential causal associations between chronic
hypertension in pregnancy and rsfMRI phenotypes, these
results are largely statistical extrapolations that require val-
idation in longitudinal clinical studies.

Further studies are needed to overcome these limita-
tions. Firstly, large-scale, multi-ancestry GWAS for HDP
subtypes and rsfMRI phenotypes are crucial to determine
whether our findings can be generalized beyond European
populations. Secondly, dedicated longitudinal studies that
acquire rsfMRI data prospectively inwomen before, during,
and after pregnancies affected by HDP are essential. Such
designs would allow direct control over confounders such
as parity and gestational age. They would also help to es-
tablish the exact temporal sequence of changes in functional
networks relative to the onset of hypertension, providing
deeper insights into causality and the potential mechanisms
involved.
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5. Conclusions
We are currently unable to fully explain the basis for

the observed correlation between chronic hypertension in
pregnancy and rsfMRI phenotypes. However, an in-depth
understanding of the effects of hypertension and pregnancy
on brain structure and function suggests that both factors
are potential contributors to brain resting-state function. In
conclusion, this is the first study to systematically and com-
prehensively analyze the relationship between HDP disease
and functional brain networks using MR methods. Our
findings highlight the potential of specific functional brain
network features to serve as candidate biomarkers for risk
stratification of chronic hypertension in pregnancy. More-
over, they suggest potential directions for the development
of predictive models and for the identification of novel ther-
apeutic targets.
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