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Abstract Objective Women with obesity and other comorbidities such as hypertension and
diabetes are at an increased risk of preeclampsia and perinatal morbidity. This study
evaluates whether screening echocardiogram can identify women with obesity at a
higher risk of preeclampsia.
Methods We conducted a retrospective cohort study of women with class III obesity
(body mass index [BMI]�40 kg/m2) and one or more medical comorbidities associated
with an increased risk of preeclampsia (such as diabetes, hypertension, and rheumato-
logic disease) undergoing screening echocardiogram. Abnormal findings were defined
as the presence of one or more of the following: diastolic dysfunction, ejection fraction
of �45%, or cardiac chamber enlargement or hypertrophy. Multivariable logistic
regression was used to estimate the odds ratio (OR) of gestational
hypertension/mild preeclampsia, severe preeclampsia, and any preterm delivery
<37 weeks associated with abnormal echocardiographic findings when controlling
for potential confounders.
Results Of 267 eligible women, 174 (64%) underwent screening echocardiograms.
Sixty-nine women (40%) had abnormal echocardiograms. Maternal clinical character-
istics were similar between women with normal echocardiographic findings and
women with abnormal findings. Women with abnormal echocardiograms were more
likely to have chronic hypertension (78 vs. 62%, p¼ 0.04) and a history of preeclampsia
(27 vs. 10%, p¼0.02). After controlling for confounders, women with abnormal
echocardiogram were at an increased risk of hypertensive disorders of pregnancy,
OR 6.80 (95% confidence interval [CI] 3.32–13.93, p¼0.01), and in particular severe
preeclampsia, OR 8.77 (95% CI 3.90–19.74, p¼0.01).
Conclusion Among pregnant womenwith class III obesity andmedical comorbidities,
screening echocardiogram may help identify a subset of women at the highest risk of
developing preeclampsia.
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Pregnancy requires complex cardiovascular adaptation.
In a normal pregnancy, cardiac output increases by 30 to
50%, primarily through decreased systemic vascular re-
sistance. This leads to reduced mean arterial pressure
(MAP), triggering a compensatory increase in the heart
rate and stroke volume.1,2 Echocardiogram studies in
healthy pregnancies have shown an increase in cardiac
output, with some correlation with maternal body sur-
face area and fetal birth weight. In a healthy pregnancy,
left ventricular (LV) systolic and diastolic function is
preserved until term.3

Class III obesity, defined by theWorldHealthOrganization
as a body mass index (BMI) of 40 kg/m2 or greater, increases
the risk of hypertension and cardiac disease outside preg-
nancy. Class III obesity has been linked to changes in LV
morphology including ventricular hypertrophy, as well dia-
stolic dysfunction and enlargement of the left atrium.4 On
echocardiogram, non-pregnant women with obesity have
shown elevated MAP, increased LV mass, but similar cardiac
output and diastolic changes compared with non-obese
controls.5

There are limited data regarding baseline echocardio-
gram findings in pregnant women with obesity. Studies
examining screening echocardiogram in women with obe-
sity show increased LV mass compared with normal-
weight controls, although they have similar cardiac output
and diastolic changes.5–7 These studies hypothesized that
obese women may not undergo the normal cardiovascular
adaptations to pregnancy, however excluding women with
coexisting comorbidities such as hypertension and
diabetes.

In addition to increasing the risk of cardiac complications
outside of pregnancy, class III obesity has also been linked to
numerous adverse pregnancy outcomes including hyperten-
sive disorders of pregnancy (HDP).8HDPs, particularly severe
preeclampsia, have been associated with echocardiographic
abnormalities, including systolic and diastolic dysfunction
and left ventricular hypertrophy (LVH).9,10 Previous data
show echocardiogram abnormalities occur at the time of
diagnosis of HDP and persist postpartum,11 but there are
limited data evaluating echocardiogram prior to the diagno-
sis of HDP, especially among an at-risk population such as
hypertensive women with obesity. Our objective is to evalu-
ate the association between abnormal echocardiographic
findings and the development of HDP among women with
class III obesity. We hypothesize that women with class III
obesity and underlying abnormalities on echocardiogram
will be at a higher risk of hypertensive diseases of pregnancy
compared with womenwithout abnormal echocardiograph-
ic findings.

Materials and Methods

We performed a retrospective cohort study of pregnant
women with class III obesity undergoing screening echocar-
diogram from January 2013 through December 2018 who
received prenatal care and delivered within the University of
Pennsylvania Hospital System. BMIwas calculated from their
initial prenatal visit and self-reported height. Class III obesity
was defined as BMI �40kg/m2. The study was approved by
our institutional review board. Our institution implemented
a protocol in 2013 that recommended a screening maternal
echocardiogram for class III obese women with one or more
medical comorbidity such as preexisting hypertension, dia-
betes, rheumatologic illness, or prior documented electro-
cardiogram with LVH.

Individual chart review was performed by a single re-
viewer (M.H.). Women were excluded if they had multiple
gestations (given the additional cardiovascular changes that
occur with multiples), underwent echocardiogram due to
clinical symptoms, delivered at an outside hospital, or if they
had pre-existing cardiac disease (repaired congenital heart
disease, known coronary artery disease, or history of myo-
cardial infarction). Our primary outcome of interest was any
hypertensive disease of pregnancy. Gestational hypertension
and preeclampsia with or without severe features were
defined by clinical diagnosis, based on previously published
American College of Obstetricians and Gynecologists defi-
nitions12 and confirmed on chart review. Worsening chronic
hypertension (CHTN) was defined as an initiation or up-
titration of anti-hypertensive medication during pregnancy
in the absence of laboratory blood work abnormalities
suggestive of preeclampsia or a medically indicated delivery
due to worsening hypertension without an increase in
proteinuria. Women diagnosed with worsening CHTN were
not diagnosed with a superimposed HDP. Results were
stratified by HDP disease severity.

The clinical interpretation of echocardiograms was used
for this study with all echocardiograms interpreted by clini-
cal cardiologists at the University of Pennsylvania. An abnor-
mal echocardiogram was defined by previously published
expert opinion13,14 as LVH (interventricular septum or pos-
terior wall thickness �11mm), left atrial (LA) enlargement
(LA volume index �35 cm3/m2 or LA systolic diameter long
axis >3.8 cm), right ventricular dilation (size was assessed
qualitatively by interpreting cardiologist in standard apical
four-chamber view), diastolic dysfunction graded on four
stages: normal diastolic function; impaired relaxation with
normal or near-normal filling pressures (grade I/IV); im-
paired relaxation with moderate elevation of filling pres-
sures, pseudonormal filling (grade II/IV); and impaired

Key Points
• Women with obesity and comorbid conditions are at a high risk of abnormal echocardiogram.
• Women with obesity, medical comorbid conditions, and abnormal echo are at a high risk of preeclampsia.
• Screening echocardiogram can help identify obese women at the highest risk of severe preeclampsia.
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relaxationwith marked elevation of filling pressures, restric-
tive filling (grades III–IV/IV) as previously described, and LV
ejection fraction �45%.15,16

Based on the review of the initial 25 subjects, we
estimated that the prevalence of abnormal echocardio-
grams was 30% of the study population. Based on a fixed
sample size of 174 women and an assumed rate of pre-
eclampsia of 20% in the normal echocardiogram group
(based on previously published data in this high-risk
group), we would have 80% power to detect a relative risk
of 1.96 with an α of 0.05.

Categorical variables were compared using Pearson Chi-
square or Fisher’s exact test, where appropriate. T-test or
Mann–Whitney U tests were used to compare continuously
measured risk factors, as appropriate. Multivariable logistic
regression models were used to control for potential con-
founders. Variables with a p<0.2 from the univariate analy-
sis were considered for inclusion in the final model using
backward selection. We tested for effect modification by the
knownhistoryof CHTNwith an interaction termof CHTNand
abnormal echocardiogram. Stratified regression models
were presented to show the effect modification. A sensitivity
analysis was performed limiting the HDP to women with
severe preeclampsia. Statistical analysis was performed
using Stata 14.2 (College Station, TX).

Results

►Fig. 1 demonstrates the study population and inclusion. Of
267womenmeeting criteria for inclusion, 93were excluded,
80 of whom (30%) did not complete the ordered echocardio-
gram and 13 of whom were excluded due to medical indi-
cations as demonstrated in ►Fig. 1. In total, 174 women met
the study inclusion criteria. Of these, 69 (40%) had an
abnormality on their echocardiogram.

►Table 1 demonstrates the demographic and clinical
differences in women with normal versus abnormal echo-
cardiogram. Demographics including age, race, BMI, and pre-
existing diabetes were similar between the two groups. Of
note, over 90% of our cohorts were self-reported Black race.
Womenwith abnormal echocardiogramsweremore likely to
have CHTN (78% vs. 62%, p¼0.04), a history of preeclampsia
(27% vs. 11%, p¼0.02), and had the echocardiogram per-
formed at a later gestational age (22.5 vs. 27.1 weeks,
p¼0.01).

►Table 2 demonstrates the specific abnormalities found
on echocardiogram. The most common abnormality noted
on screening echocardiogram was LVH in 48 (70%) cases.
The second most frequent abnormality was left atrial en-
largement, followed by diastolic dysfunction. Of the abnor-
mal echocardiograms, 22 women (32%) had more than one
abnormal finding.

The overall rate of a diagnosis of hypertensive disorder of
pregnancy in this cohort was 43% with a significant differ-
ence in HDP rates between women with and without an
abnormal echocardiogram (70 vs. 25%, p¼0.01), as demon-
strated in ►Table 3. This held true when adjusting for
confounders including gestational age at echocardiogram
and history of CHTN (adjusted odds ratio [aOR] 6.80, 95%
confidence interval [CI] 3.32–13.93), as demonstrated
in ►Table 4. The interaction term for effect modification
by CHTN was significant (p¼0.02), and therefore, stratified
analyses with the history of CHTN were also performed.
When stratifying by CHTN, women with an abnormal echo-
cardiogram have increased odds of developing HDP com-
paredwith thosewithout an abnormal echocardiogram (aOR
15.48 95% CI 5.77–41.53). We did not see a significant
association between abnormal echocardiogram and HDP in
women without CHTN (►Table 4).

A sensitivity analysis was performed limiting the HDP
outcome to women with severe preeclampsia only, shown
in ►Table 5. The overall rate of severe preeclampsia for the
whole cohort was 32% with a significant difference between
women with and without an abnormal echocardiogram (57
vs. 16%, p¼0.01). In multivariable analysis, women with
abnormal echocardiogram had increased odds of develop-
ing severe preeclampsia compared with those without an
abnormal echocardiogram, aOR 8.77 (95% CI 3.90–19.74,
p¼0.01). Women with CHTN and abnormal echocardio-
gram had increased odds for developing superimposed
severe preeclampsia (aOR 15.11, 95% CI 5.33–42.83,
p¼0.01) with no difference in women without CHTN. A
sensitivity analysis was performed removing women with a
history of prior preeclampsia, and the association between
abnormal echocardiogram and severe preeclampsia
remained (aOR 9.00, 95% CI 3.67–22.05, p<0.01). LVH
was the most common echocardiogram abnormality, and
analysis was performed assessing interventricular septal
width as a continuous variable in relation to HDP. Women
with severe preeclampsia had overall more interventricular
septal thickness compared with women with no HDP (1.15
vs. 1.01 cm, p¼0.01) as demonstrated in the box plot
in ►Fig. 2.

Fig. 1 Flow diagram of study population and echocardiogram
completion.
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Discussion

In this study, 40% of women with class III obesity and
comorbid conditions were found to have an abnormal
screening echocardiogram. These women had a significantly
higher risk of developing a hypertensive disorder of preg-
nancy compared with those with normal echocardiogram
findings. This study demonstrates the potential role of
echocardiogram to identify women at an increased risk of
worsening hypertension and pregnancy-related cardiac
complications. Additionally, the high rate of echocardiogram
abnormalities in our cohort suggests that screening echocar-
diogram can identify a significant number of high-risk
women with underlying cardiac abnormalities. This could
allowcloser cardiacmonitoring, cardiology consultation, and
targeted postpartum follow-up to intervene in women at a

Table 1 Demographic data of study cohort.

Cohort
(N¼174)

Normal echocardiogram
(N¼105)

Abnormal echocardiogram
(N¼ 69)

p-Value

Age, years 31.4 (5.2) 31.1 (5.3) 31.8 (5.1) 0.38

Race, N (%) 0.13

Black 162 (93) 95 (90) 67 (97)

Other 12 (7) 10 (10) 2 (3)

Delivery BMI, kg/m2 47.0 (44.2–52.3) 47.5 (44.3–51.1) 46.3 (44.0–54.5) 0.88

Delivery BMI, kg/m2 0.30

< 50 114 (66) 72 (69) 42 (61)

50þ 60 (34) 33 (31) 27 (39)

Chronic HTN, N (%) 0.037

No 53 (32) 38 (38) 15 (22)

Yes 115 (68) 63 (62) 52 (78)

History of PEC, N (%) 0.004

No 89 (76) 59 (86) 30 (63)

Yes 28 (24) 10 (14) 18 (38)

Nulliparous 45 (26) 27 (26) 18 (26) 0.956

Preexisting DM, N (%) 0.23

No 134 (80) 79 (76) 55 (86)

Class B 31 (18) 22 (21) 9 (14)

Class C or higher 3 (2) 3 (3) 0 (0)

GA at echocardiogram, weeks 24.1 (17.0–30.1) 22.5 (15.1–28.4) 27.1 (21.0–31.6) 0.003

Abbreviations: BMI, body mass index; DM, diabetes; GA, gestational age; HTN, hypertension; PEC, preeclampsia.
Note: Gestational age and BMI data expressed as mean� SD.

Table 2 Abnormal echocardiogram findings of the study
cohort

Abnormal echocardiogram finding N (%)

Left ventricular hypertrophy (LVH) 48 (70%)

Left atrial enlargement 22 (32%)

Diastolic dysfunction 16 (23%)

Right ventricle enlargement 7 (10%)

Reduced ejection fraction (EF) 3 (4%)

Multiple echocardiogram abnormalities 22 (32%)

Note: Percentages do not add to 100% and represent the percentage of
women who had the respective echocardiogram abnormality and some
women who had more than one abnormality.

Table 3 Rates of hypertensive disorders of pregnancy, severe preeclampsia, and preterm delivery

Cohort
N¼ 174

Normal echocardiogram
N¼105

Abnormal echocardiogram
N¼ 69

p-Value

Hypertensive disorder pregnancy (HDP) 74 (43%) 26 (25%) 48 (70%) 0.001

Severe preeclampsia 56 (32%) 17 (16%) 39 (57%) 0.001

Preterm Delivery
(<37 weeks)

46 (26%) 20 (19%) 26 (38%) 0.006
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Table 4 Odds of hypertensive disorder of pregnancy (HDP) stratified by chronic hypertension (CHTN) and gestational age (GA)
at echocardiogram. Odds of severe preeclampsia (PEC) versus no HDP

HDP vs. No HDP

No HDP HDP OR (95% CI) p-Value aOR (95% CI) p-Value

Echo

Normal 79 (79) 26 (35) 1 1

Abnormal 21 (21) 48 (65) 6.95 (3.53–13.68) 0.001 6.80 (3.32–13.93) 0.001

CHTN

No 34 (35) 19 (27) 1 1

Yes 63 (65) 52 (73) 1.48 (0.76–2.89) 0.254 1.06 (0.50–2.25) 0.874

GA at Echo 23.3 (16.9–31.3) 25.3 (17–30) 1.01 (0.98–1.05) 0.442 0.99 (0.95–1.03) 0.59

Severe PEC vs. No HDP

No HDP Severe PEC OR (95% CI) p-Value aOR (95% CI) p-Value

Echo

Normal 79 (79) 17 (30) 1 1

Abnormal 21 (21) 39 (70) 8.63 (4.09–18.19) 0.001 8.77 (3.90–19.74) 0.001

CHTN

No 34 (35) 11 (20) 1 1

Yes 63 (65) 43 (80) 2.11 (0.96–4.61) 0.062 1.76 (0.73–4.23) 0.206

GA at Echo 23.3 (16.9–31.3) 25 (17.1–29.5) 1.01 (0.97–1.05) 0.582 0.97 (0.92–1.12) 0.202

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; OR, odds ratio.

Table 5 Odds of hypertensive disorders of pregnancy (HDP) and severe preeclampsia (PEC) stratified by chronic hypertension
(CHTN) and gestational age (GA) at echocardiogram

HDP vs. No HDP

No CHTN CHTN

aOR (95% CI) p-Value aOR (95% CI) p-Value

Echo

Normal 1 1

Abnormal 1.65 (-0.47–5.74) 0.434 15.48 (5.77–41.53) 0.001

CHTN

No � �
Yes � �

GA at echo 1.05 (0.97–1.12) 0.222 0.95 (0.90–1.00) 0.083

Severe PEC vs. No HDP

No CHTN CHTN

aOR (95% CI) p-Value aOR (95% CI) p-Value

Echo

Normal 1 1

Abnormal 2.60 (0.61–11.13) 0.199 15.11 (5.33–42.83) 0.001

CHTN

No � �
Yes � �

GA at echo 1.00 (0.92–1.09) 0.983 0.95 (0.89–1.01) 0.109

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval.
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risk of postpartum cardiac morbidity, as well as identify
patients who need long-term cardiology care.

Prior studies indicate that LV posterior wall thickness and
interventricular septal thickness and mass may be increased
in women with obesity.5,6 Our rate of LVH of 28% supports
these data, although our data represent a group with a high
percentage of underlying CHTN, which puts them at an
additional risk of LVH. One study of 40 pregnant women
with obesity indicated higher rates of diastolic dysfunction in
obese pregnant women compared with normal-weight con-
trols.7 Our overall rate of diastolic dysfunction of 9% was
lower than the 40% identified in this study, indicating that
further investigation of diastolic adaptation to the volume
load of pregnancy in women with obesity and hypertension
is warranted. These data indicate that screening echocardio-
gram in high-risk pregnant patients with obesity identifies
women with underlying cardiac dysfunction and a higher
risk of HDP, particularly severe preeclampsia.

Strengths and limitations of this study are as follows.
Women received care at a single hospital system that uses a
protocol-based approach to both care for obese women and
diagnose hypertensive disorders. The study population was
primarily Black (93%) with a relatively high proportion of
patients with BMI �50kg/m2 (34%), which may limit appli-
cability to all clinical settings. However, the importance of
evaluating adverse outcomes in this high-risk population
cannot be overstated given the extremely high risk of mater-
nal morbidity in this group. Another limitation is the rela-
tively high number of women that did not undergo the
recommended screening echocardiogram (30% of those eli-
gible). The need for insurance prior authorization may be a
barrier to obtain an echocardiogram or obtain one on time.
This limits sample size and may represent the highest-risk
subset of women (if barriers to care contribute to the lack of
screening). However, their exclusion would likely bias to-
ward the null hypothesis. Furthermore, our data are not able
to elucidate whether it is the echocardiographic abnormali-
ties themselves or the underlying medical issues (particular-
ly CHTN) that ultimately lead to the increased risk of HDP,

particularly if the echocardiogram was performed later in
pregnancy. Regardless, the identification of these abnormal
findings is important to counseling, risk prediction and
stratification, labor and delivery management, and postpar-
tum follow-up.

In a high-risk, class III obese population, screening echocar-
diogram may identify both women with underlying cardiac
dysfunction and women at the highest risk of HDP. Abnormal
echocardiogram findings may identify women with more
severe CHTN or predilection to cardiac morbidity. Given the
association with chronic HTN, echocardiogram abnormalities
may represent a continuum of pathology. Thosewith baseline
CHTNmaybe closer to the continuumfordiagnostic pathology
or abnormalities that are subsequently unmaskedwith super-
imposed preeclampsia. Identifying women with abnormal
echocardiogramsprovides anopportunity for earlier interven-
tion to reduce the risk of maternal morbidity and even
mortality, by identifying women who need more intensive
cardiovascular monitoring intra- and postpartum andwomen
whoneeda referral to tertiarycare centers.Atour institution, a
collaborative cardiology and obstetrics clinic has been estab-
lished, andwomenwith abnormal screening echocardiograms
are scheduled for postpartum cardiology follow-up after
discharge.

Pregnancy adaptation can provide a window to cardio-
vascular health. Early postpartum follow-up and medical or
lifestyle intervention may optimize future pregnancies and
contribute to improved lifelong health. Future research
should investigate the role of preconception echocardiogram
and serial echocardiogram during pregnancy and focus on
intervention in postpartum cardiology follow-up as well as
medical optimization and appropriate inter-pregnancy in-
terval to optimize outcomes for this at-risk population.

Note
This research was presented as a poster at the American
College of Obstetrics and Gynecology (ACOG) meeting in
Nashville, TN 2019.
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