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Abstract

Introduction—The associations of maternal conditions, before or during pregnancy, with
placental lesions have not been adequately studied in populations.

Methods—In the Boston Birth Cohort, we evaluated associations between three maternal
medical conditions (hypertensive disorders [HDs], gestational/pre-gestational diabetes and
obesity), and placental histological findings, using a standardized classification system proposed
by the Amsterdam Placental Workshop Group. Placental pathology diagnoses and clinical data
from 3,074 mothers with clinical indications who delivered singleton live births at the Boston
Medical Center between October 1998 and November 2013 were evaluated. Associations between
each maternal condition and maternal vascular malperfusion (MVVM) of the placental bed and its
standardized subgroups were examined using multivariate logistic and multinomial regressions.

Results—Women with HDs (chronic hypertension, eclampsia, preeclampsia, HELLP syndrome)
had significantly increased odds of MVM lesions when compared to women with no HD (aOR
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2.08 95% ClI 1.74-2.50), after adjusting for demographics, substance use, diabetes and body mass
index. No significant differences in frequencies or aORs were seen in women with and without
diabetes, or across body mass index categories. Co-morbid condition patterns that included HDs
were more likely to be associated with MVM than those without.

Discussion—Using a standardized classification system, we showed that MVVM is strongly and
specifically associated with maternal HDs, but not other maternal conditions. Additional studies
are needed to confirm and validate our findings, and evaluate the role of maternal vascular lesions
of the placental bed in relation to postnatal growth and development of the offspring and effect
modifiers.

Introduction

Much evidence now supports the hypothesis that the placenta plays a central role in
determining pregnancy outcomes, and maternal and fetal health [1-6]. Current research,
arising from life course perspectives [7] and the fetal origins hypothesis [8], has extended
the placenta’s impact to predict adult chronic diseases [9], and potentially transgenerational
effects [10]. Key gaps in our knowledge, and the limited means of studying placental
structure, function and development, have spurred initiatives to encourage use of innovative
strategies and novel technologies to study the placenta, such as the Human Placental Project
[11]. Nevertheless, traditional histological examination remains an integral part of clinical
diagnosis, providing, not only identification of fetal disorders and gestational conditions at
risk for recurrence, but also potentially valuable data for life course epidemiological studies.

Maternal medical conditions (e.g., hypertensive disorders [HDs], gestational/pre-gestational
diabetes [GD/DM], and obesity) are common during pregnancy. HDs are among the most
frequent and significant, involving between 6-8% of all pregnancies and accounting for
almost 15% of maternal deaths (second only to thromboembolism)[12]. The US population-
based prevalence of gestational diabetes is as high as 9.2%, depending on testing employed
and population studied [13]. The growing problem of maternal pre-pregnancy overweight
and obesity is reflected in the prevalence, among women aged 20-39 years, of 59.5% and
34.0%, respectively [14]. Despite the strong evidence that these conditions can adversely
affect pregnancy outcomes, data are limited about whether and to what extent these
conditions affect placenta structure and functions. These data would be important for future
prognostication studies connected with adverse perinatal outcomes.

There are challenges to pursuing this line of research. Epidemiological research to date has
employed a mélange of placental diagnoses, in part, due to lack of placental data in large,
well-designed birth cohort studies. In addition, inconsistent coding and definitions applied to
placental diagnoses make it challenging to compare and converge the findings across studies.
To move the field forward, there is a particular need for epidemiological research that
incorporates standardized placental diagnoses, ideally biologically based [15]. We anticipate
that placental morphological findings may help us gain insight into possible biological
pathways by which maternal medical conditions affect fetal (or long-term) health outcomes.

Therefore, our study’s objective was to describe the characteristics and frequencies of
placental pathology findings in the Boston Birth Cohort (BBC)—a large contemporary;,
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multi-ethnic, predominantly minority, cohort—using a “standardized, reproducible, and
biologically based classification system” recently proposed by Redline, incorporating the
2014 Amsterdam Placental Workshop Group criteria [15,16]. We further examined the
relationship between placental morphology and three major maternal medical conditions
(HDs, GDM/DM, and obesity) in this unique population.

Study design, setting and participants

As illustrated in the flow chart (Supplemental Figure), we evaluated a subset of the BBC that
enrolled a total of 8,159 mothers at delivery at Boston Medical Center (BMC) between
October 1998 and November 2013. Of these, 4,850 had no clinical indications for placental
pathology examination and 220 had no available postpartum questionnaires. From the
resulting placentas with pathological examination (n=3,089), 15 were excluded due to
missing information on key covariates. The final sample for this analysis (n=3,074) consists
of participants with placenta pathology reports, after exclusion for missing key covariate
values.

The parent study is a case-control study examining environmental and genetic determinants
of preterm birth [17]. The BBC consists of a multi-ethnic, predominantly minority urban
population. Any woman who delivered a singleton live birth at BMC was eligible to
participate in the study as a case (preterm birth < 37 weeks’ gestation or birth weight <
2,500 grams) or control (term birth = 37 weeks’ gestation or birth weight = 2,500 grams).
Mothers with a multiple gestation, stillbirth, trauma-induced birth or newborn with major
birth defect were excluded. All eligible women were approached postpartum. The
participation rate was over 85%.

After obtaining informed consent, research staff used a standardized questionnaire to collect
demographic information, medical and reproductive history and substance use. A
standardized abstraction form recorded data from medical records review, including prenatal
and intrapartum clinical care, pregnancy complications, birth outcomes, ultrasonographic
findings, laboratory test results and placental pathology reports.

As described in our previous publication [18], placentas were obtained by the labor and
delivery nurses at the time of delivery and sent to the hospital perinatal pathologist (Dr.
Kasznica) to be processed and reviewed. During the course of the Boston Birth Cohort, a
new hospital pathologist (Dr. Cerda) took over examination of placentas. Before this, for
training purposes, a subset (17 = 298) of the placental pathology slides was randomly selected
and independently reviewed by the two placental pathologists, who compared readings and
reached consensus about the reporting of the pathology findings.

The perinatal pathologists, who were not blinded to clinical information, examined all
placentas (in accordance with College of American Pathologists guidelines [19]) when
clinically indicated, per BBC protocol. Fresh placentas were placed in containers with 10%
neutral buffered formalin. After fixing for at least 24-48 hours, dissection of the placental
plate was performed by serially sectioning the placental disc every 2—-3 cm for diagnostic
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interpretation. Routine sampling included a rolled section of membranes, and umbilical cord
in cassette 1, and three transmural/full thickness sections of placental plate, including fetal
and maternal surfaces, in cassettes 2—4. Grossly identified lesions were additionally
sampled. Pathologic placental lesions were diagnosed according to commonly-used,
recommended criteria [20-22].

Institutional Review Boards at BMC, the Massachusetts Department of Public Health, and
Johns Hopkins Bloomberg School of Public Health approved the study.

Study outcomes and covariates

Placental pathology diagnoses were recoded by a perinatal pathologist (Dr. Bustamante
Helfrich) into eight predominantly inflammatory and vascular categories, based upon the
classification proposed by Redline [15,23]. To establish reliability, a second perinatal
pathologist (Dr. Cerda) confirmed the placental coding. Categories included
chorioamnionitis, chronic villitis, MVM, marginal (venous) abruption, umbilical cord
obstruction, fetal vascular malperfusion, villous stromal-vascular abnormalities, and a
miscellaneous group. Table 1 lists diagnoses coded into each category.

Three maternal medical conditions were chosen as major risk factors based upon their
established associations with pregnancy and fetal outcomes [24-31]. History of HD and/or
diabetes was obtained from the medical record. HD included chronic hypertension,
preeclampsia, eclampsia and HELLP syndrome. Hypertension was defined as systolic blood
pressure =140 mmHg or diastolic blood pressure =90 mmHg, which either pre-existed
gestation or occurred before 20 weeks of gestation [32]. Preeclampsia was defined as
hypertension of new-onset during pregnancy and proteinuria 2300 mg protein in 24 hours
[32]. Eclampsia was the occurrence of seizures in a woman with preeclampsia that could not
be attributed to other causes [32]. The constellation of hemolysis, elevated liver enzymes and
low platelets developing during pregnancy defined HELLP syndrome [32]. Diabetes was
defined by both GDM and DM. Maternal pre-pregnancy BMI (kg/m?2) was calculated from
self-reported weight and height, and based on World Health Organization categorization:
underweight (<18.5), normal (18.5-24.9), overweight (25-29.9) and obese (=30) [33].

Self-reported alcohol consumption at any time during pregnancy was analyzed as binary
data. Cigarette use was self-reported and categorized as “never smoker” for those who did
not smoke during pregnancy and for 3 months prior, “quit during pregnancy” for those who
smoked but quit during the first trimester, and “continued during pregnancy” for those who
smoked continuously throughout pregnancy. For frequency estimation, gestational age at
birth (obtained from the medical record) was categorized as preterm when <37 weeks and as
term when =37 weeks. Full term and post-term gestations were combined due to the small
number of post-term births in the sample. Infant birth weight, from the medical record, was
categorized as normal when = 2,500 grams and low birth weight when < 2,500 grams.

Statistical Analysis

Descriptive analyses reported the frequencies and percentages of the eight major categories
of pathology diagnoses. Chi-square test was used to compare the frequencies between
maternal medical conditions (HD, GDM/DM, overweight/obesity) in the various pathologic
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placental categories and MVVM subgroups. Multiple logistic regression was performed to
assess the associations between each of the three maternal medical conditions and
histological MVM. If one of the maternal medical conditions was significantly (0<0.05)
associated with MVM, stratified analyses would follow to examine the association by
gestational week category at birth. The relationship between maternal medical conditions
and sub-groups of MVVM was examined using multinomial logistic regression. Adjustment
was made for maternal age, race/ethnicity, education, marital status, parity, gestational age,
smoking and alcohol use, and other medical conditions (depending on the covariate
examined). Using a multivariate logistic regression model we further examined the subtypes
of HDs: chronic hypertension, preeclampsia only, pre-eclampsia plus chronic hypertension,
pre-eclampsia plus HELLP syndrome. Sensitivity analyses were done to check if the results
were robust to additional adjustment of covariances. Data analyses were performed with
Stata 14.1 software (StatCorp LP, College Station, TX).

Consistent with the study design, prenatal characteristics and birth outcomes of participants
with placental examination and those without are somewhat different (Supplemental Table
1).

Clinical characteristics

Characteristics of the 3,074 mother-newborn pairs are presented in Supplemental Table 2.

Placental characteristics

Three categories of placental lesions were predominantly found among participants (Figure
1): MVM (39.9%), villous stromal-vascular abnormalities (37.1%) and chorioamnionitis
(26.6%). Lesions of MVVM were significantly more frequent among women with HD
(52.3%) than without (36.4%) p<0.01 (Table 2). Women with HD had more than two times
higher odds of MVM compared to women with no HD (aOR 2.08 95% CI 1.74-2.50), after
adjusting for demographics, substance use, GDM/DM and BMI. No significant differences
in frequencies or aORs were seen in women with and without GDM/DM, or between known
BMI categories. Stratified analysis demonstrated the association between HD and MVM was
significant among early preterm (<34 gestational weeks) and late preterm (34-36 gestational
weeks) births (aOR 3.88 95%CI 2.70-5.58 and aOR 2.61 95%CI 1.85-3.67, respectively),
but was not significant among births which occurred at, or later than, 37 gestational weeks.
(Supplemental Table 3) Frequencies of diagnostic subgroups of MVM (Supplemental Table
4) among the total sample (N=3074) were 10.1% infarct, 6.1% intervillous thrombus/
intraplacental hematoma (1T/IH), 2.7% retroplacental hematoma (RHA), and 2.3% decidual
vasculopathy (DV). Combined infarct and IT/IH occurred in 12.2% of placentas overall.
Frequencies of the MVM subgroups were significantly higher among women with HD
compared to those without (Figure 2A) for infarct (15.7% vs. 8.5%), DV (6.2% vs. 1.2%)
and infarct + DV (5.7% vs. 0.5%). Figure 2B and Supplemental Table 5 show results from
an adjusted model of multinomial logistic regression in which women with HD had
significantly increased odds of certain MVVM diagnostic subgroups compared to women
without HD: infarct only (aOR 2.96 95% CI 2.23-3.93), infarct and IT/IH (aOR 1.46 95%
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Cl 1.08-1.98), DV only (aOR 5.58 95% CI 3.33-9.37) and DV and infarct (aOR 14.75 95%
Cl 7.29-29.85). No significant differences were found between women with GDM/DM or
abnormal BMI and those without.

Patterns of comorbid conditions that included HDs were more likely to be associated with
MVM than those without (see Table 3), except when all three conditions coexisted. As
shown in Table 4, subtype patterns of HDs significantly associated with MVM included
preeclampsia (aOR 2.51 95% CI 2.00-3.16), preeclampsia and chronic hypertension (aOR
2.00 95% CI 1.38-2.92) and preeclampsia and HELLP syndrome (aOR 4.90 95% CI 2.22-
10.83). Results from the sensitivity analyses further adjusting for infant sex and delivery
mode were consistent with the above major findings.

Discussion

This is the first large-scale placental pathology study in a contemporary, predominantly US
minority, urban-dwelling birth cohort with medical indications. We found that MVM was the
most common placental pathology finding. The frequency of placental MVVM lesions in our
study was 39.9%—comparable to the 40.0% frequency of histopathologic ischemic changes
found in a study of clinically selected singleton placentas by Beebe et al [34]. Similar
frequencies were found despite the differences in racial and ethnic distribution between the
two studies’ groups (26% Black and 8% Hispanic in Beebe et al. versus 54% Black and 23%
Hispanic in our study).

We examined three major maternal medical conditions (HDs, DM/GDM, prepregnancy
obesity) in relation to MVM. Compared to women without MVVM in our sample, women
with MVM (particularly infarcts and DV, alone and combined) had over two times higher
odds of HDs, but not higher odds of GDM/DM or obesity. Our findings are consistent with
previous epidemiological research on relationships between maternal HDs and placental
lesions of decidual vasculopathy (DV), infarctions, ischemic changes, increased perivillous
fibrin and chronic deciduitis [35].

We found a significant difference in the strength of association between MVM and HD
subtypes. Chronic hypertension by itself was not associated with MVVM. However, pre-
eclampsia with or without chronic hypertension or HELLP syndrome was strongly and
consistently associated with MVVM. Although our findings may seem inconsistent with
clinical experience, we are unaware of any previous study that specifically examined
associations of the clinical subgroups defined by chronic hypertension and preeclampsia
with MVM. Our findings raise the possibility that MVVM is likely specific to preeclampsia,
which should be confirmed by future studies.

Indeed, previous studies, primarily focused on preeclampsia, have consistently demonstrated
association with placental MVM lesions. In a study of women with preeclampsia in Chile,
Ogge et al. [36] found the prevalence of lesions consistent with maternal underperfusion was
significantly greater in women with preeclampsia (n=910) than in controls (43.3% vs.
15.9%, unadjusted OR 4.0 95% CI 3.5-4.7). In a case-control study of women with
preeclampsia (n=158) and normotensive controls (n=156), Moldenhauer et al. [37] found
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increased frequency and severity of placental lesions in women with preeclampsia. Lesions
of uteroplacental malperfusion showed significantly elevated odds among preeclamptic
women: decidual arteriolopathy (OR 23.8 95% CI 10.0-57.0) and central infarction (OR 5.9
95% CI 3.1-11.1). However, another case-control study [35] examined the differences in
pathologic placental findings between the different clinical types of HDs during pregnancy
(chronic hypertension, gestational hypertension, preeclampsia/eclampsia). Cases with HD
(n=206) had a higher incidence of malperfusion lesions as compared to controls (p<0.001),
but no statistically significant difference in the incidence of placental lesions in the different
types of HD (p> 0.05). Thus, more studies are needed to differentiate the role of chronic
hypertension vs. pre-eclampsia in relation to MVM.

MVM due to defective deep placentation is of immense clinical importance, as evidenced by
its association with many of the major obstetrical syndromes [38,39]. Abnormal
placentation, characterized by incomplete physiologic transformation of the spiral arteries in
the decidua and myometrium during pregnancy, has been associated with preeclampsia,
preeclampsia with IUGR, IUGR without hypertension, preterm labor, preterm premature
rupture of membranes, placental abruption, and second trimester abortion [38]. Our results
support the current postulate that placental vascular dysfunction promotes systemic
hypertension and subsequent placental damage. Using early-onset preeclampsia as an
example, Roberts and Post [40] have summarized the process. Initiated by unknown root
cause(s), defective deep placentation produces placental ischemia. The hypoxic placenta
releases increased amounts of anti-angiogenic factors, soluble fms-like tyrosine kinase-1
(SFLT-1) and soluble endoglin (SENG), into the maternal circulation, thereby reducing levels
of the angiogenic VEGF and placental growth factor (PIGF). Ensuing systemic endothelial
dysfunction produces hypertension. Hypertension-induced placental injury augments
preexisting damage caused by the unremodeled spiral arteries. Complete or partial retention
of the arterial muscular walls produces high-speed blood flow rates that may damage
chorionic villi, and lead to hypoxia/re-perfusion injury and oxidative stress. The ensuing
placental damage is that of DV: fibrinoid necrosis with or without occlusive atherosis or
thrombi. When the malperfusion is segmental/complete, infarction occurs [15]. This process
supports the biological plausibility of the epidemiologic evidence from our study linking
MVM to maternal HDs.

Less is known about placental features in overweight/obese women, especially in those
without GDM [41]. However, some evidence (not controlled for gestational age) suggests
that obese women have increased relative risk of pathologic placental features, specifically
placental infarctions and lesions of MVM [42]. Limitations of previous studies include
samples that are generally small or derived from older cohorts. Moreover, they have
produced conflicting results. For example, in a study by Huang et al. [42], maternal obesity
was associated with increased risk of maternal vascular and villous lesions, and fetal acute
inflammation. Yet, in a smaller case-control study [43], the association with obesity was
limited to maternal inflammatory lesions. Our study did not find a significant association
between maternal obesity and MVVM. More studies are needed to explore other placental
lesions such as inflammation.
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Gestational and pre-gestational diabetes mellitus (GDM/DM) are associated with increased
placental weight and volume, villous immaturity, increased measures of angiogenesis and
maternal vascular lesions, including fibrinoid necrosis and chorangiosis [44]. Our study did
not find a significant association between maternal obesity and MVM, nor a significant
association between maternal GDM/DM and MVM adjusting for covariates. More studies
are needed to confirm these findings and explore other placental lesions such as
inflammation.

Our study has several strengths. First, our investigation was conducted with a large birth
cohort, whereas prior studies are mostly small in sample size. Second, the large sample size
allows for more robust determination of associations between placental findings and
maternal medical conditions. Third, since perinatal pathologists performed all placental
examinations and diagnostic coding, and separate perinatal pathologists confirmed diagnoses
and coding, there is strong internal validity. Fourth, the use of a standardized classification
system allows for more accurate comparisons with findings from future studies.

We acknowledge many limitations of our study. The correlation of placental pathologic
findings with clinical disease is limited by the lack of complete specificity of morphologic
features for any given maternal disorder. The absence of definitive immunohistochemical or
molecular diagnostic testing for specific placental lesions precludes validation. Additionally,
the selective nature of placental examinations in a hospital setting for women with clinical
indications introduces the possibility of selection bias. This is an important consideration as
most pathologic placental lesions may also be identified in clinically normal pregnancies.
Furthermore, our study did not include a control cohort from an unselected sample of
women, thereby introducing possible ascertainment bias in favor of women with clinical
indications for placental review. There is, also, legitimate concern that pathologists
performing placental examinations were not blinded to clinical history. Consequently,
observer bias is likely, as clinical data may influence diagnostic interpretation. Sampling
limitation is inherent in all study designs employing placental histopathology. In particular,
certain lesions, such as decidual vasculopathy and infarction, may be localized and difficult
to appreciate on gross examination. We mitigated this limitation by having all placental
examinations and tissue sampling performed by a perinatal pathologist; grossly examining
the placental disc at 2-3 cm section intervals; obtaining transmural sections of the placenta
along with sections of any grossly identified lesions. While our study employed standard
definitions for the different clinical phenotypes of maternal medical conditions, some further
details, such as duration and severity of disease, treatment and disease control status etc.,
which may potentially affect development of placental lesions, were not assessed. This may
limit somewhat the applicability of our findings. Finally, considering the potential
differences in pathogenesis of GDM and DM, it would have been desirable to separate the
two disorders in the analyses. However, our sample size was not large enough to perform
such an analysis with significant power.

In summary, utilizing a standardized classification system, we showed a robust association
between HDs (especially, preeclampsia) during pregnancy with MVM. Our findings, if

further confirmed, provide a target for future mechanistic studies and a potential biomarker
for studying fetal and child health outcomes. Despite many limitations associated with use
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of placental pathology data derived from clinical indications, our study’s findings raise the
possibility that placenta pathology, as part of electronic medical records, may serve as a
valuable data source to better understand maternal, placental and fetal factors in life course
epidemiology research.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS
Placental pathology findings assessed in a birth cohort (N=3074)
Using standardized classification system for placental evaluation

Maternal vascular malperfusion lesions are associated with maternal
hypertensive disorders but not diabetes or obesity
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Placental Pathology Categories

Percentages of Placental Pathology Categories out of the Study Sample
0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0%

Histologic chorioamnionitis 26.6%
Chronic villitis  © 2.0%

Maternal vascular malperfusion | 0 . 0 $139.9%

Marginal (venous) abruption 4 3.9%
Umbilical cord (UC) obstruction 1+ 0.7%
Fetal vascular malperfusion  + 2.3%
Villous stromal-vascular abnormalities F37.1%

Miscellaneous findings ~66.0%

FIGURE 1.
Note: N=3074
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(a) Percentages of Maternal Vascular Malperfusion Sub-groups among Women
with and without Hypertensive Disorder

Yes Hypertensive Disorder _. N:%E
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(b) Adjusted Odds Ratios of Maternal Vascular Malperfusion Sub-groups among
Women with Hypertensive Disorder compared to Women without Hypertensive

Disorder
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FIGURE 2.

Abbreviations: MVM = maternal vascular malperfusion, RHA = retroplacental hematoma/
abruption; /7//H = intervillous thrombus/intraplacental hematoma; DV = decidual
vasculopathy.
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TABLE 1

Placental Diagnostic Categories and Corresponding Reported Diagnoses *

Placental categories Reported diagnoses”

Histologic chorioamnionitis Acute chorioamnionitis; acute subchorionitis: acute funisitis: acute villitis **™ acute intervillositis *™*
acute intervillositis **™
Chronic villitis Chronic villitis; lymphoplasmacytic villitis

Maternal vascular malperfusion Acute atherosis; decidual vasculopathy; decidual vascular thrombosis; fibrinoid changes/necrosis in
decidual vessels; retroplacental hematoma; hypermature chorionic villi; intervillous thrombus;
increased perivillous fibrin; accelerated villous maturation; infarction

Marginal (venous) abruption Circummarginate/circumvallate placenta; marginal hematoma; marginal abruption with membranous
hemosiderin; subchorionic hematoma

Umbilical cord (UC) obstruction UC knot; UC thrombosis

Fetal vascular malperfusion Avascular villi; stem villus thrombus; hemorrhagic endovasculitis; villous sclerosis; fetal vascular

thrombosis; chorionic plate vascular thrombosis
Villous stromal-vascular abnormalities ~ Chorangioma/chorangiosis; hypomature villi (delayed maturation); increased Hofbauer cells

Miscellaneous findings Meconium-laden macrophages; maternal floor infarction; unusual placental shape; UC insertion
abnormalities

*
Framework for categories and diagnoses adapted from [15] Redline, RW. Am J Obstet Gynecol 2015 and [23] Redline, RW. Semin Perinatol
2015.

Ak
Both gross and microscopic diagnoses are included.

A Ak
Most cases accompanied by some fetal membrane inflammation
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Frequencies of Maternal Medical Conditions and Associations with Maternal Vascular Malperfusion

TABLE 2

Medical Conditions MVM Model 12 Model 22
Unadjusted Adijusted?

n/N (%) OR (95% CI) aOR (95% CI)

Total 1,228/3,074 (39.9)

Hypertensive Disorder?

No 867/2,384 (36.4) ref ref

Yes 361/690 (52.3)  1.92**(1.62-2.28) 2.08 ™ (1.74-2.50)

Diabetes

No 1,075/2,710 (39.7) ref ref

GDM/DM 153/364 (42.0) 1.10 (0.88-1.38) 1.00 (0.79-1.26)

BMI categoriesd

Underweight (<18.5) 46/129 (35.7) 0.84 (0.57-1.22) 0.89 (0.60-1.31)

Normal (18.5-24.9) 527/1,322 (39.9) ref ref

Overweight (25-29.9) 327/779 (42.0) 1.09 (0.91-1.31) 1.05 (0.87-1.26)

Obese (230) 261/625 (41.8) 1.08 (0.89-1.31) 0.98 (0.79-1.20)

Page 16

Abbreviations: 1, number of placenta with MVM; N, number of sample for each exposure level; OR, odds ratio; aOR, adjusted odds ratio; 95%C],

95% confidence interval; ref; reference; GDM/DM, gestational diabetes/pre-gestational diabetes; B/, body mass index.

Significant associations (p-value<0.05) denoted with boldface type.

*
p<0.05

Aok

p<0.01

a . - - - . .
Models 1 and 2 were performed using univariate and multivariate logistic regression, respectively.

bModeI 2 is adjusted for maternal age, race/ethnicity, education, marital status, parity, gestational age, smoking, alcohol use and other chronic
conditions (if diabetes, adjusted for hypertensive disorder and BMI categories; if hypertensive disorder, adjusted for diabetes and BMI categories; if
obesity by BMI categories, adjusted for diabetes and hypertensive disorder).

DHypertensive Disorder includes chronic hypertension, preeclampsia, eclampsia, and HELLP syndrome.

dTotaI sample for BMI Model 1 and Model 2 is 2,855.
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TABLE 3

Page 17

Associations between Co-morbid Maternal Condition Patterns and Maternal Vascular Malperfusion? (N=3074)

Co-morbid Maternal Medical Conditions MVM
n/N % aOR (95% ClI)
Number of Maternal Conditions
0 610/1676 36.4 ref
1 428/981 436 1.417(1.19-1.66)
2103 190/417 456 1 55" (1.24-1.95)
Pattern of Medical Conditions
None 610/1676 36.4 ref
Hypertensive Disorder Only b 207/366  56.6 546 **(1.94—3.12)
GDM/DM Only 52/132 394 1.17 (0.81-1.69)
Obesity Only 169/483 350  0.97 (0.78-1.20)
Hypertensive Disorder + Obesity 89/185 48.1 1 78**(1.30-2.45)
GDM/DM + Obesity 36/93 387 1.1(0.71-1.70)
GDM/DM + Hypertensive Disorder 31/56 554 2 377%(1.38-4.10)
GDM/DM + Hypertensive Disorder + Obesity 34/83 41.0 1.33(0.84-2.10)

Abbreviations: MVM, maternal vascular malperfusion; 7, number of placenta with MVVM; A, number of sample for each exposure level; aOR,

adjusted odds ratio; 95%C/, 95% confidence interval; ref, reference; GDM/DM, gestational diabetes/diabetes mellitus.

Significant values denoted with boldface type.

*
p<0.05

Hok

p<0.01

a. ... L . . - ’ . . - .
Multivariate logistic regression model adjusted for maternal age, race/ethnicity, education, marital status, parity, gestational age, smoking, alcohol
use and chronic condition risk factors (if diabetes, adjusted for hypertensive disorder and Body Mass Index (BMI) categories; if hypertensive

disorder, adjusted for diabetes and BMI categories; if obesity by BMI categories, adjusted for diabetes and hypertensive disorder).

bHypertensive disorder includes chronic hypertension, preeclampsia, eclampsia, and HELLP syndrome.
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Association between Hypertensive Disorder Subtypes and Maternal Vascular Malperfusion?

TABLE 4

Hypertensive Disorder n/N (%) aOR (95% CI)
Patterns of sub-types (N=3074)

None 867/2384 (36.4) ref
Chronic Hypertension 39/113 (34.5) 0.94  (0.62-1.41)
Pre-eclampsia 221/387 (57.1) 2.51** (2.00-3.16)
Pre-eclampsia + Chronic Hypertension 64/127 (50.4)  2.00** (1.38-2.92)
Pre-eclampsia + HELLP syndrome 22/31(71.0)  4.90** (2.22-10.83)
Other 15/32 (45.9) 161 (0.79-3.27)

Page 18

Abbreviation; 7, number of placenta with MVM; A, number of sample for each exposure level; aOR, adjusted odds ratio; 95%C/, 95% confidence

interval; ref, reference.

Significant values denoted with boldface type.

*
p<0.05

*:

*
p<0.01

a ... L . . - : . . . .
Multivariate logistic regression model adjusted for maternal age, race/ethnicity, education, marital status, parity, gestational age, smoking, alcohol

use, diabetes and BMI.
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