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Abstract

Background/Objectives: Hypertensive disorders of pregnancy (HDP) affect one in six pregnancies
globally and contribute to over 40,000 maternal and 500,000 neonatal deaths annually. The etiology
of HDP remains unclear, but oxidative stress is known to impair maternal vascular function and fetal
development. While the body produces endogenous antioxidants, antioxidative nutrients, like
carotenoids, remain critical in modulating oxidative stress. Carotenoids are a diverse class of
bioactive pigments with antioxidative properties. Status of several carotenoids have been linked to
hypertension in both pregnant and non-pregnant populations. However, their association with the
spectrum of HDP, including gestational hypertension (GH), chronic hypertension (CH), and
preeclampsia (PE), remains unclear. Methods: We quantified dietary carotenoid intake (via food
frequency questionnaire) and plasma carotenoid levels (via mass spectrometry) in 488 and 225
pregnant patients, respectively, presenting for delivery at a large Midwestern academic medical
center. Carotenoid levels were compared across HDP groups using Kruskal-Wallis tests with Dunn’s
post-hoc multiple comparisons tests (threshold of significance at p<0.05). Results: Plasma total, cis-
and trans-f3-carotene were significantly lower in PE compared to normotensive (NT), CH, and GH
groups. Lutein and p-cryptoxanthin were also reduced in PE compared to NT but only (-
cryptoxanthin was lower in PE compared to GH. Levels of a-carotene were lower in PE compared to
both CH and GH. No significant differences in dietary carotenoid intake were observed across HDP
groups. Conclusions: These findings suggest that oxidative stress in PE may deplete circulating
carotenoids, differentiating it from other HDP. Future studies should explore potential synergism of
carotenoids in mitigating oxidative stress and temporal changes in carotenoid levels throughout
pregnancy to further assess the role of carotenoids as therapeutic targets and biomarkers for PE.

Keywords: hypertensive disorders of pregnancy; carotenoids; antioxidants; preeclampsia;
gestational hypertension; chronic hypertension; pregnancy

1. Introduction

Hypertensive disorders of pregnancy (HDP), including chronic hypertension (CH) during
pregnancy, gestational hypertension (GH), preeclampsia (PE), eclampsia, and Hemolysis, Elevated
Liver Enzymes, Low Platelet Count (HELLP) syndrome impact one in six pregnancies.[1] HDP are
major contributors to maternal and infant morbidity and mortality, accounting for up to 40,000
maternal deaths and 500,000 fetal and newborn deaths annually.[2] Despite their impact, clinical
management of HDP remains limited, with delivery as the only definitive treatment.[3]
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The etiology of HDP is not fully understood; however, oxidative stress is a well-recognized
contributor to hypertension and its systemic complications in both pregnant and non-pregnant
individuals.[4,5] Increased oxidative stress promotes endothelial dysfunction, an early indicator of
impaired vasoreactivity and contributor to HDP pathophysiology.[4] Although a pro-oxidant
environment is necessary for normal placental development and parturition, the sustained systemic
vasoconstriction observed in HDP from excessive oxidative stress contributes to placental
hypoperfusion and altered vascular development.[6-8] In HDP, arterial remodeling of the decidual
vessels can lead to high-pressure, pulsatile blood flow to the placenta and fetus, exacerbating
hypertension and increasing the risk of severe conditions such as PE, eclampsia, and HELLP
syndrome.[9]

Antioxidants are mitigators of oxidative stress. While the human body can produce endogenous
antioxidants in response to oxidative stress, dietary intake serves as a crucial source of exogenous
antioxidants.[10] Antioxidative nutrients, including carotenoids, have demonstrated therapeutic
benefits in conditions characterized by inflammation and oxidative stress.[11] Carotenoids are
pigmented tetraterpene derivatives found in plants and algae, but importantly, are not synthesized
by humans.[12] Although over 750 carotenoids have been identified in nature, only about 40 are
commonly consumed in the human diet, with a-carotene, -carotene, lycopene, lutein, and (-
cryptoxanthin accounting for nearly 90% of dietary intake.[13,14] Carotenoids play diverse biological
roles, including modulating inflammation and protecting cells from oxidative stress by neutralizing
free radicals and singlet oxygen (Figure 1).[12]

Carotenoid status in humans has been associated with lower blood pressure, and studies have
reported reduced carotenoid levels in both maternal plasma and placentae in women with PE.[15-
18] Although carotenoids are increasingly recognized as nutrients with important roles in
inflammatory regulation and fetal development, their relationship with HDP has not been fully
elucidated. To address this gap, we conducted a retrospective cohort analysis evaluating self-
reported maternal dietary carotenoid intake and quantified plasma carotenoid levels in NT, CH, GH,
and PE pregnancies.
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Figure 1. Antioxidant Mechanisms of Carotenoids. Presence of a polyene chain is a central feature of carotenoids
that confers their biological antioxidative activity. This highly conjugated system allows carotenoids to

effectively quench reactive oxygen species, including singlet oxygen and free radicals, which can otherwise
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damage cellular structures. Non-covalent interactions between the m-electron system of the polyene chain and

reactive oxygen species facilitate energy dissipation through delocalization and resonance.
2. Materials and Methods

2.1. Participant Enrollment

Ethical approval for this study was obtained from the University of Nebraska Medical Center
Institutional Review Board (IRB #112-15-EP). Patients provided informed, written consent prior to
enrollment in this study. Inclusion criteria included women >19 years old admitted to the Labor and
Delivery Unit at Nebraska Medicine (Omaha, NE, USA) who delivered at least one live-born infant.
Exclusion criteria included infants who were deemed Ward of the State and mothers with diseases
affecting normal nutrient metabolism, including gastrointestinal, liver, and kidney diseases and
genetic metabolic disorders.

2.2. Dietary Questionnaires

Trained study personnel administered demographic questionnaires and the Harvard Food
Frequency Questionnaire (FFQ) to maternal participants.[19] De-identified FFQs were analyzed by
the Harvard T.H. Chan School of Public Health to quantify average daily intake of carotenoids from
foods and supplements.

2.3. Clinical Data Collection

Clinical data was obtained from the maternal electronic medical record. The hypertensive status
of the mother was determined using 2017 ACC/AHA guidelines.[20] Participants were classified as
having PE if a formal diagnosis was noted in the electronic medical record by Nebraska Medicine
obstetricians. The final HDP classifications included NT, CH, GH, or PE.

2.4. Blood Sample Collection

The Maternal blood was collected in K2 EDTA tubes during routine clinical care. The research
team received blood samples leftover from clinical blood draws. Whole blood samples were
protected from heat and light, separated into plasma and red blood cell components by
centrifugation, and frozen at -80 C within 12 hours of collection per the World Health Organization
guidelines to preserve nutrient integrity.[21]

2.5. Carotenoid Analysis

Plasma samples were analyzed for carotenoids (a-carotene, (-carotene, (3-cryptoxanthin,
combined lutein + zeaxanthin, and lycopene). The Biomarker Research Institute at the Harvard T.H.
Chan School of Public Health analyzed samples using High Performance Liquid Chromatography-
Mass Spectrometry (HPLC-MS) as described by Thoene et al.[22] NIST standards were utilized to
receive quality control in both labs.[23]

2.5. Statistical Analysis

Descriptive statistics, including means and standard deviations for continuous variables and
frequencies and percentages for categorical variables, were calculated. The normality of continuous
variables was assessed by skewness tests. Statistical differences between continuous maternal
demographics data were assessed using Kruskal-Wallis tests. Statistical differences between
categorical maternal demographics variables were assessed using chi-squared tests. Statistical
differences between dietary intake and blood levels of carotenoids were assessed using Kruskal-
Wallis tests with Dunn’s post-hoc multiple comparisons tests. Summary and comparative statistics
of demographics data were performed using Stata 18.5. Statistical analyses and visualization of

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.1660.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 August 2025 d0i:10.20944/preprints202508.1660.v1

4 of 11

dietary intake and blood levels of carotenoids was performed using GraphPad Prism 10. The
threshold of significance was set at p-value < 0.05.

3. Results

3.1. Maternal Demographics

A total of 488 maternal participants were included in this analysis, of which 270 (55%) were NT,
61 (13%) had CH, 102 (21%) had GH, and 55 (11%) had PE. The demographic characteristics of
participants were broadly representative of the patient population served at the study site. The age
of participants was similar between groups, with averages ranging from 28.6 to 29.6 years. Pre-
pregnancy BMI was significantly different between groups, with the lowest BMI averages in the NT
and CH groups at 28.3 kg/m2 and the highest in the PE group at 33.1 kg/m2. Average BMIs for all
groups fell within the overweight (25-29.9) and obese (>30) ranges, consistent with published
population demographics for Nebraska women age 20-39 years.[24] The majority of participants
identified as white and there were no significant differences in racial composition between HDP
groups. Most participants were multiparous at the time of recruitment, although there was a
statistically significant difference in parity noted across HDP groups, potentially owing to the higher
percentage of nulliparous women in the PE group. There were no significant differences in maternal
diabetes status or smoking status between HDP groups. Pregnancy duration was significantly
different between HDP groups, with the shortest period in the PE group at 36.4 weeks and the longest
in the CH group at 38.9 weeks.

Recruited
N=752

Excluded
N=264

No HDP data or lack
of dietary data

Food Frequency Questionnaire
N=488

Plasma Carotenoid Analysis
n=225

Food Frequency Data Only
n=233

Figure 2. Study Flowchart for Subject Recruitment and Analyses. Final sample sizes for carotenoid dietary intake

and blood levels are contained.

Table 1. Demographics Information.
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NT (N=270) CH (N=61) GH (N=102) PE (N=55) p-value
Age 30 (25-33) 30(25-33) 30 (25-34) 28 (23-34) 0.7000
(years; median, inner quartiles)
Body Mass Index 27.3(23.4-31.8) 26.8 (22.4-33.2) 28.0 (22.9-32.4) 34.2(25.7-38.8) 0.0007
(kg/m?; median, inner quartiles)
Race (N, %) 0.295
White 180 (66.9%) 46 (75.4%) 73 (71.6%) 37 (67.3%)
African American 40 (14.9%) 6(9.8%) 9 (8.8%) 8 (14.6%)
Hispanic 22 (8.2%) 2(3.3%) 7 (6.7%) 3(5.5%)
Asian or Pacific Islander 6 (2.2%) 3 (4.9%) 1 (1.0%) 2 (3.6%)
American Indian - 1 (1.6%) - -
Other/Unknown 21 (7.8%) 3(4.9%) 12 (11.8%) 5(9.1%)
Parity (N, %) 0.024
Nulliparous 31 (11.5%) 4 (6.6%) 11 (10.8%) 14 (25.5%)
Primiparous 83 (30.7%) 24 (39.3%) 37 (36.3%) 20 (36.4%)
Multiparous 156 (57.8%) 33 (54.1%) 54 (52.9%) 21 (38.2%)
Diabetes (N, %) 34 (12.6%) 4 (6.6%) 10 (9.8%) 11 (20.0%) 0.135
Smoking (N, %) 0.297
Current 28 (10.4%) 5(8.2%) 7 (6.9%) 5(9.1%)
Former 32 (11.9%) 5(8.2%) 17 (16.7%) 12 (21.2%)
Pregnancy Duration 39.3(38.4-40.2) 39.4 (38.3-40.4) 39.2(38-40.3) 37 (34.1-38.6) 0.0001

(weeks; median, inner quartiles)

Statistical comparisons between HDP group continuous demographics variables were performed using Kruskal-
Wallis tests. Statistical comparisons between HDP group categorical variables were performed using chi-

squared tests. A p<0.05 was considered statistically significant.

3.2. Dietary Carotenoid Intake

Dietary intake data was available for all 488 participants. Comparison of self-reported
carotenoid intake across groups revealed no statistically significant differences between NT, CH, GH,
and PE groups (Figure 3).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 3. Dietary Intake of Carotenoids in HDP. Carotenoid intake levels stratified by HDP group were
compared using Kruskal-Wallis tests with Dunn’s post-hoc multiple comparisons tests. A p<0.05 was considered

statistically significant.

3.3. Plasma Carotenoid Concentrations

Maternal plasma carotenoid levels were available for 225 of the 488 participants, as detailed in
Figure 2, although levels of cis-p-carotene were undetectable in three analyzed plasma samples.
Compared to all other HDP groups, women with PE had significantly lower plasma levels of total-{3-
carotene, cis-3-carotene, and trans-p-carotene (Figure 4). The median concentration of total-3-
carotene in the PE group was less than half that observed in the NT group (72.5 mcg/L vs. 169.9
mcg/L, p=0.01). Similarly, the median concentration of cis-p3-carotene in PE was less than half of that
in NT (5.8 mcg/L vs. 12.9 mcg/L, p=0.01), and trans-p-carotene levels in PE were also markedly lower
than in NT (67.1 mcg/L vs. 157.6 mcg/L, p=0.01). Levels of total-f3-carotene, cis-[3-carotene, and trans-
[-carotene were similar among NT, CH, and GH groups, with levels in CH and GH groups also
significantly higher than those in PE. Combined lutein + zeaxanthin and B-cryptoxanthin levels were
also lower in the PE group compared to the NT group (208.6 mcg/L vs. 141.6 mcg/L, p=0.049 and
123.5 mcg/L vs. 81.1 mcg/L, p=0.048, respectively), although the differences were not as drastic. Levels
of B-cryptoxanthin were also significantly lower in PE compared to GH (p=0.02). No significant
differences were detected among levels of total, cis-, or trans-lycopene in HDP groups.
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Figure 4. Plasma Carotenoid Levels in HDP. Blood carotenoid levels stratified by HDP group were compared
using Kruskal-Wallis tests followed by Dunn’s post hoc multiple comparisons tests. Levels of cis-p-carotene

were undetectable in three analyzed plasma samples. A p<0.05 was considered statistically significant. * p<0.05,
*%
p<0.01.

4. Discussion

Authors To our knowledge, this is the first study to specifically assess plasma carotenoid status
across HDP subtypes. We report significantly decreased levels of previously uncharacterized cis and
trans -carotene isoforms in maternal plasma from pregnancies complicated by PE compared to NT
pregnancies. While previous studies have reported lower total (3-carotene levels in PE, our results
uniquely highlight isoform-specific reductions.[17,18,25] Our results also corroborate the findings of
previous studies characterizing decreased plasma levels of lutein and p-cryptoxanthin in PE
compared to NT pregnancies.[16] Although, interestingly, we did not observe statistically significant
differences between a-carotene or lycopene levels in PE and NT, which have been demonstrated in
other studies.[18,26]

Our study was unique in its inclusion of other HDP, such as CH and GH, in addition to PE.
Despite this broader inclusion, we did not observe significant associations between carotenoid levels
and these other HDP subtypes. This distinction may point toward fundamental differences in redox
state between PE and other HDP conditions. The increased oxidative stress characteristic of PE may
lead to greater consumption of carotenoids in the process of quenching ROS, resulting in lower
circulating levels.[4,27] In contrast, the oxidative stress present in CH or GH may not be as severe,
and thus, may not exert a measurable impact on plasma carotenoid levels. This hypothesis is
supported by the significantly lower plasma a-carotene, [3-carotene, and p-cryptoxanthin in PE
compared to GH and CH, which both fall on the HDP spectrum, but have notably milder clinical
features than PE.

Clinical trials evaluating carotenoid supplementation, specifically lycopene supplementation,
have not demonstrated meaningful benefit in preventing PE.[28] However, this is important to
consider in the context that our data show no significant differences in plasma lycopene levels
between NT and PE groups. It is possible that other carotenoids, or more likely, a synergism of
multiple carotenoids could have meaningful clinical impacts in reducing PE occurrence if

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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supplemented during early pregnancy. However, the relationship between carotenoid status and PE
risk may be more complex than intake alone. Despite lower levels of plasma carotenoids in our PE
group, our dietary intake data did not reveal reduced carotenoid intake among individuals with PE
compared to any other HDP group, which was true of both total intake and intake without
supplements (Supplementary Figure 1). This differs from previous studies, such as Kang et al., who
reported an association between decreased dietary intake of (3-carotene and lutein + zeaxanthin and
the development of PE.[29] Notably, we found no meaningful correlations between maternal dietary
carotenoid intake and measured plasma levels except for a-carotene (Supplementary Figure 2). While
dietary intake data were self-reported, this observation suggests that reduced intake may not fully
explain the lower carotenoid levels observed in PE. Several factors are known to influence carotenoid
bioavailability, including lipid absorption, gut microbiota composition, genetic polymorphisms, and
dietary fat co-ingestion, which may also contribute to PE.[13,30-32]

Other studies have evaluated maternal plasma carotenoid levels during PE as biomarkers for
the redox environment, with evidence suggesting that mid-pregnancy a-carotene, p-carotene, and
lutein plasma levels may be suitable targets.[26] Our data also support the utility of carotenoids as
markers of PE, but with notable caveats, including assessment at delivery and incompletely
characterized trends in plasma carotenoid levels over the course of pregnancy. There are known
positive correlations between gestational age and maternal plasma carotenoid concentrations, which
were also observed in our dataset (Supplementary Figure 3).[23] However, it remains unclear
whether this relationship is prognostic for earlier delivery or variation in carotenoid metabolism over
gestation.[23] To clarify this, future studies should consider serial measurement of maternal
carotenoids throughout pregnancy to better define their temporal dynamics and potential utility as
early indicators for the risk of developing HDP.

Our study was limited by sample size, which reduced statistical power and precluded the use
of robust multivariate regression models. We acknowledge that our PE sample size, in particular,
was limited, with as few as fourteen participants in plasma carotenoid analyses. Adjusted regression
models are sensitive to overfitting when the number of covariates exceeds the degrees of freedom
allowed by the sample size, as in our dataset.[33] Adjusted analyses would have strengthened our
interpretations, as factors such as obesity, parity, and maternal age are known to influence HDP
risk.[34,35] However, despite these limitations, our study had notable strengths, including the
assessment of both dietary intake and plasma carotenoid levels, characterization of a broad spectrum
of carotenoids, and the inclusion of under-studied HDP subtypes such as GH and CH during
pregnancy. These findings contribute to the growing body of evidence implicating the role of
carotenoids in the pathophysiology of PE and provide important distinctions between specific HDP
categories. Future studies should evaluate the synergistic impact carotenoids in ameliorating
oxidative states and the temporal dynamics of plasma carotenoid levels during pregnancy to assess
the utility of carotenoids as therapeutic targets and biomarkers for PE.

5. Conclusions

Maternal plasma carotenoids, including B-carotene, lutein + zeaxanthin, and p-cryptoxanthin
were lower in PE compared to NT. Plasma a-carotene, (3-carotene, and {3-cryptoxanthin were also
lower in PE compared to GH, and plasma a-carotene and [3-carotene was lower in PE compared to
CH. These data may indicate that PE is a unique redox state compared to other HDP, potentially
requiring greater quantities of carotenoids to quench ROS. Despite differences in plasma carotenoid
levels, dietary intake of carotenoids did not differ between HDP groups, indicating that intake is not
the exclusive determinant of carotenoid levels. These observations highlight the role of carotenoids
in PE, specifically. Clarifying whether and how carotenoid status influences PE risk will require
mechanistic and longitudinal studies across pregnancy.

Supplementary Materials: The following supporting information can be downloaded at website of this paper

posted on Preprints.org, Figure S1: Dietary Intake of Carotenoids Without Supplementation in HDP.; Figure S2:
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Maternal Plasma Carotenoid Levels Compared to Dietary Carotenoid Intake.; Figure S3: Maternal Plasma

Carotenoid Levels Compared to Gestational Age.; Analysis Files and Raw Data.
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