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Hypertensive disorders of pregnancy (HDP), including pre-eclampsia, eclampsia and
gestational hypertension, are associated with excessive inflammation and are a leading
cause of perinatal morbidity and mortality. Soluble urokinase plasminogen activator receptor
(suPAR) belongs to the three-finger toxin family of proteins and acts a biomarker of chronic
inflammation associated with autoimmune, renal, and cardiovascular disease. Compared
with non-pregnant individuals, SUPAR levels are elevated in the first trimester and may be
involved in the pathogenesis of pregnancy complications that are in part immune-mediated,
including HDPL. Notably, two small European studies support that elevated suPAR levels
during late pregnancy may be associated with preeclampsia?, although this finding did
not hold when suPAR was measured before 20 weeks?: 4 3, suggesting that elevated SUPAR
levels may reflect a heightened inflammatory response in preeclamptic pregnancies rather
than serving as a pre-clinical indicator. No data currently exist on the trajectory of SUPAR
across pregnancy. In the present study, we investigated if and how plasma suPAR levels
change across gestation and examined whether this change and the levels in each trimester
varied between women with and without HDP.

Study Design.

Results.

Participants included pregnant individuals enrolled in the New York University Children’s
Health and Environment Study (NYU CHES), a prospective birth cohort designed to study
an array of exposures and conditions relevant to maternal and child health. Maternal

blood was collected at up to three time points during pregnancy and plasma suPAR levels
were analyzed by enzyme-linked immunosorbent assay. Information on maternal HDP was
abstracted from electronic medical records. Study participants with SUPAR data in any
trimester and information about HDP were eligible for inclusion (n=393); 64 non-HDP
participants who had chronic hypertension (n=5), gestational diabetes mellitus (n=55), lupus
(n=1), type 1 diabetes (n=1) or type 2 diabetes (n=2) were excluded, resulting in a final
analytic sample of 329. The study was approved by the institutional review board of NYU
Langone Health and all participants provided written informed consent.

We first regressed SUPAR levels on gestational age at the time of sample collection to assess
change over the course of pregnancy. We did this for the sample overall and stratified

by HDP status. Among the subset of participants with repeated measures, we used paired
Wilcoxon signed-rank tests to assess the within-person change in SUPAR across trimesters
in both groups. Finally, we used Wilcoxon signed-rank tests to assess whether suPAR levels
in each trimester and averaged over pregnancy were different among participants with and
without HDP.

The sample is multi-ethnic with 38.6% self-identifying as non-Hispanic white. Participants
had a meanzstandard deviation (SD) age of 31.3+5.7 years at delivery with a range from
18-49 years; 22% of the sample was older than age 35 years. The median (interquartile
range, IQR) pre-pregnancy body mass index (BMI) was 24.4 (6.2) kg/m? and ranged from
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16.8-50.1; 44% of the sample was overweight or obese defined by a BMI = 25. The

majority had at least a high school degree (90.1%) and reported never smoking cigarettes
(92.9%). Participants with HDP (n=44) were older and had higher BMI; other participant
characteristics did not significantly vary by HDP status. SUPAR levels did not significantly
differ between those with and without HDP at any gestational timepoint (Table 1), although
the association was marginal when considering the third trimester such that those with HDP
had higher suPAR levels (2.43 ng/mL vs. 2.12 ng/mL, p=0.11). In the sample overall, SUPAR
levels decreased by 1.1% per week of advancing gestation (p-value< 0.001); however, when
stratified by HDP status, SUPAR levels only significantly decreased among those without
HDP (1.2% per week, p<0.001), while remaining more stable among the cases (0.8% per
week, p=0.17) (Figure 1). This finding was also apparent when examining the subset of
participants with repeated measures. Among those with paired samples that did not have
HDP, the median suPAR level in early gestation (2.79 ng/mL) was significantly higher than
late gestation (2.30 ng/mL) with a p-value <0.001 and large effect size r=0.634. In contrast,
among those with paired samples and HDP, the median suPAR level in early gestation (2.37
ng/mL) was not significantly different than late gestation (2.45 ng/mL) with a p-value=0.578
and small effect size r=0.256. It is notable however that the sample size of participants with
repeated measures and HDP was small (n=7) and the timing of HDP onset was variable
across participants.

Conclusions.

Although HDP is a primary cause of morbidity and mortality in pregnancy, predictive
biomarkers are lacking. SuPAR levels decrease with advancing gestation among healthy
women, but remain stable in women with HDP, which may reflect a heightened
inflammatory state. Additional research is needed to understand how suPAR correlates with
other biomarkers of HDP and whether stable SUPAR levels can predict HDP accurately in
clinical practice.
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Figure 1.

Gestational age (days)

SUPAR by gestational age at sample collection stratified by hypertensive disorder of

pregnancy (HDP) status.

Each point represents a SUPAR measurement. Points that are connected are repeated
measurements within the same participant. The black line illustrates the overall trend.
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Table 1.

SUPAR levels (hg/mL) among participants enrolled in NYU CHES.

Sampling period No HDP Yes HDP p-value

<18 weeks gestation (n=268) | 2.71(0.97) | 2.89 (0.83) 0.25

18-24 weeks gestation (n=85) | 2.34 (0.63) | 2.32(0.32) 0.76

>24 weeks gestation (n=115) | 2.12 (0.79) | 2.43(0.91) | 0.1

Pregnancy average (n=329) 2.54(0.86) | 2.61 (0.88) 0.10

P-values for the difference in SUPAR levels by HDP status were computed using Wilcoxon-rank sum tests.

Values are median (interquartile range).
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