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Abstract
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blood pressure, heart rate and cardiac output were higher and peripheral vascular resistance was lower (p<0.01 for all) compared
to normal BMI women. Women with obesity had altered cardiac geometry with higher left ventricular end diastolic diameter,
relative wall thickness and left ventricular mass (p<0.001 for all comparisons). There was also evidence of impaired diastolic
indices in the obese group with lower E/A ratio, TDI E’ lateral and medial and higher left atrial volume (p<0.01 for all).
Finally, women with obesity had reduced longitudinal function between the second and third trimester of pregnancy indicating
possible early cardiac dysfunction in this group. Conclusions Obesity is associated with maternal hyperdynamic circulation,
altered cardiac geometry and suboptimal diastolic function compared to normal BMI pregnant women; this may contribute to
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Objective

Obesity is known to be associated with cardiovascular compromise and is a major risk factor for the devel-
opment of hypertensive disorders in pregnancy. The aim of this study was to investigate the effect of obesity
on the maternal cardiovascular system.

Design

This was a prospective, observational, longitudinal study.
Setting

A tertiary centre in London

Population

Pregnant women with booking body mass index (BMI) [?] 30kg/m2 (n=64) were compared to pregnant
women with normal booking BMI (20-24.9kg/m2) (n=14).

Methods

Two-dimensional trans-thoracic echocardiography.

Main outcomes

Longitudinal difference in blood pressure, cardiac geometry and cardiac function between the groups.
Results

In women with obesity, the blood pressure, heart rate and cardiac output were higher and peripheral vascular
resistance was lower (p<0.01 for all) compared to normal BMI women. Women with obesity had altered
cardiac geometry with higher left ventricular end diastolic diameter, relative wall thickness and left ventric-
ular mass (p<0.001 for all comparisons). There was also evidence of impaired diastolic indices in the obese
group with lower E/A ratio, TDI E’ lateral and medial and higher left atrial volume (p<0.01 for all). Finally,
women with obesity had reduced longitudinal function between the second and third trimester of pregnancy
indicating possible early cardiac dysfunction in this group.

Conclusions

Obesity is associated with maternal hyperdynamic circulation, altered cardiac geometry and suboptimal
diastolic function compared to normal BMI pregnant women; this may contribute to the increased risk of
complications in obese pregnant women.

Funding
UK charities: Borne and CW+
Introduction

Obesity has nearly tripled since 1975 and the World Health Organisation estimate that in 2016, 650 million
adults (13%) had obesity.! In the UK, this epidemic is perpetuated and in 2020, 60% of women were
overweight and 29% obese. Many of these woman are of childbearing age and go on to have high risk
pregnancies.? Obesity outside pregnancy has several effects on the cardiovascular system as every 100g of



fat deposited increases the cardiac output (CO) by 30-50 ml/minute and this high volume load can lead to
left ventricle (LV) dilation with subsequent hypertrophy, impaired LV relaxation and compliance resulting in
diastolic dysfunction. % # Furthermore, conduction and contractility can be compromised when fat deposition
occurs in the myocardial tissue and in severe sustained obesity, systolic dysfunction can also ensue. % 6

Normal pregnancy is associated with significant maternal cardiovascular and haemodynamic changes that are
needed to support fetal growth, with systemic vasodilation leading to reduced peripheral vascular resistance
and increased stroke volume (SV) and CO. 7 In addition, there is physiological eccentric cardiac remodelling
with increased LV mass and reduced diastolic reserve with evidence of dysfunction in around 25% of women
at term. ® Obesity in pregnancy is associated with an increased risk of hypertensive disorders, gestational
diabetes (GDM), venous thromboembolism, dysfunctional/prolonged labour, caesarean section and even,
mortality.” In particular, booking BMI>35 kg/m? doubles the risk of pre-eclampsia (PE) and there is a dose
dependent relationship with morbidly obese women having the highest incidence; around five-fold higher
than normal BMI women.'% ! Pre-eclampsia has been associated with maternal cardiovascular compromise
and echocardiographic studies have demonstrated significant cardiac dysfunction both in the pre-clinical and
clinical phase of the disease. ' 13 However, studies of the effect of obesity on the maternal cardiovascular
system are limited. A cross-sectional study at term (n—=40) found that morbidly obese pregnant women
(BMI]|?]35 kg/m?) had higher CO, lower resistance, altered geometry and a degree of diastolic and systolic
dysfunction , compared to pregnant women with BMI<30kg/m?2. 14 The only longitudinal study (n= 232) has
demonstrated that women with obesity start in a state of high volume/low resistance which gradually moves
to volume overload with decreased CO and disappearance of low vascular resistance in the third trimester.
However, this study assessed haemodynamic function using impedance cardiography and therefore did not
examine the maternal cardiac geometry or function. 'The aim of the current study was to provide novel
longitudinal data of the maternal cardiovascular profile (including haemodynamic function, cardiovascular
geometry and systolic and diastolic function) in obese pregnant women, compared to women with normal
BMI, using a two dimensional echocardiography which is considered the gold standard.!® We hypothesised
that the women with obesity will have a suboptimal cardiovascular profile.

Methods

This was a prospective, observational, longitudinal study conducted in an inner London Hospital between
April 2018 to June 2020. Pregnant women without significant co-morbidities, including chronic hypertension
or kidney disease, with a singleton pregnancy were recruited soon after their first trimester scan and seen at
three time points during pregnancy; 12-14, 20-24 and 30-32 weeks of gestation. Participants were allocated
to the following groups: Group 1 — Pregnant women with BMI [?|30kg/m? and Group 2 — Pregnant women
with BMI 20-24.9kg/m?2. The study protocol has been described before and none of the participants had a
history of bariatric surgery.!” All participants gave a written consent form and the study was approved by
the National Health Service Research Ethics Committee (No: 14/L0/0592). Strengthening the Reporting
of Observational studies in Epidemiology (STROBE) guidelines were used throughout.

Blood pressure (BP) measurements were performed twice, electronically (Microlife WatchBP, Switzerland),'®
and mean arterial pressure (MAP) was calculated as Systolic BP + (2 x Diastolic BP)|/3.1° The maternal
cardiac function was assessed using transthoracic echocardiography and two-dimensional, M-mode and tissue
Doppler imaging (TDI) were used (iE33 Philips Ultrasound system) according to European and American
guidelines. 2% 21 All echocardiographic studies were performed by experienced operators (DP and NB).

Cardiac output (ml or L/min) was calculated as stroke volume (SV) x heart rate (HR). 22 Stroke volume
(ml) was calculated as the cross-sectional area of the left ventricular outflow tract x velocity time integral. 22
Peripheral vascular resistance (dynes/sec/ per cm®) was calculated as MAP x 80/CO. 1% 23 Left ventricular
mass (g) was calculated as (0.8 x (1.04x [(interventricular septum diameter (mm) + left ventricle internal dia-
meter (mm) + posterior wall thickness (mm))?) - left ventricle internal diameter® (mm)]) + 0.6g. 2°Relative
wall thickness was calculated as (2 x posterior wall thickness (mm)) / left ventricle internal diameter (mm).



All measurements were taken in diastole. Body surface area (BSA) was calculated as (weight (kg)42% x
height (cm)?72%) x 0.007184. 24 Haemodynamic function was assessed by systolic BP, diastolic BP, HR, SV,
CO and PVR. Cardiac geometry was assessed by left atrial (LA) diameter (end-systole), interventricular
septum thickness (IVS) (end-diastole), left ventricle diameter (LVEDD) (end-diastole), posterior wall thick-
ness (PWT) (end-diastole), relative wall thickness (RWT) and left ventricular mass. Diastolic function was
assessed by mitral flow velocity (E/A ratio), TDI lateral and medial mitral annular velocity (E’) and left
atrial volume. Systolic function was assessed by end-diastolic volume, end-systolic volume, ejection fraction
and TDI s’ at the lateral tricuspid annulus. Longitudinal function was assessed by mitral annular plane
systolic excursion (MAPSE) at the septal and lateral annulus. All echocardiographic data were stored for
offline analysis, which was performed by experienced operators (DP and NB) who were blinded to the allo-
cation of the study participants. We have previously shown that the inter- and intra-observer variability in
our Unit is >0.8, indicating good reliability. 7

Women were followed up in pregnancy and all of them underwent a full oral glucose tolerance test at 28-30
weeks of gestation. Gestational diabetes was defined according to the National Institute of Health and Care
Excellence (NICE) guidelines of fasting plasma glucose level [?]5.6 mmol/L and/or a 2-hour plasma glucose
level [?]7.8 mmol/L.25 Information on pregnancy outcomes were obtained from the Hospital’s perinatal
database. Birthweight (BW) was recorded at birth and BW percentiles were calculated. 2°Hypertension
was defined as persistent maternal BP [?]140/90 mmHg and pre-eclampsia was defined as hypertension with
significant proteinuria.?”

Statistical analyses

Normality of the data was assessed by the Kolmogoroff-Smirnoff test and data were expressed as mean
(standard deviation) and median (interquartile range) for normally and non-normally distributed data, re-
spectively. Categorical variables were expressed as number (percentage). The groups were compared using
the unpaired Student t-test/Mann-Whitney or chi-square (y?) for numerical and categorical data, respec-
tively.

Logarithmic transformation was performed for non-parametric data and multilevel linear mixed-effects mod-
els were used to compare the groups. The fixed effect component included time (the three study visits), study
group, maternal age, race, smoking, gestational age at the time of echocardiography, development of GDM
and first-order interaction between time and study group. A higher numbers of cases compared to controls
were chosen in order to produce more precise effect measures, also considering that echocardiographic data
of pregnant women with normal BMI has been previously reported; 8 our sample size reflected a paucity of
data in obese pregnant women. Considering a 4:1 ratio for cases and controls, our study had >80% power (at
alpha=0.05) to detect an 1829ml/min difference in CO, 0.12 difference in E/A ratio and 65g difference in LV
mass between groups.!* Statistical analyses were performed using International Business Machines (IBM)
Statistical Package for the Social Sciences (SPSS) for Windows 2019, version 26.0, IBM Corp., Armonk, New
York, USA. Differences were considered statistically significant at p<0.05.

Results

We approached 105 pregnant women (n==85 with BMI[?]30kg/m? and n=20 with BMI 20-25kg/m?) and of
those, 70 obese and 16 normal BMI women agreed to take part. Those who attended at least two out of
the three research visits, with known pregnancy outcome, were included in the study which comprised 64
women with BMI[?]30kg/m? and 14 women with normal BMI. All women delivered a live, phenotypically
normal neonate. The maternal characteristics and pregnancy outcomes of the study population are given
in Table 1. There were no significant differences in the maternal demographic characteristics between the
study groups except for maternal booking BMI, as expected.



Haemodynamic function

Compared to the normal BMI group, women with obesity had higher systolic BP, diastolic BP and HR in
each trimester and in the overall analysis. Similarly, CO and SV were higher and PVR lower in the obese
compared to the normal BMI group, in each trimester and overall (Table 2, Table S1 and Figure 1). SV and
CO trended up in both groups with a significant increase in CO from the first to the third trimester (Table
S2).

Cardiac Geometry

Overall and in each trimester the LA diameter, IVS, LVEDD, PWT, RWT, LV mass and LV mass index
were all higher in the obese compared to the normal BMI group (Table 2, Table S1 and Figure 1). The
prevalence of concentric LV hypertrophy (RWT>0.42 and LV mass index >95g/m?) was higher in the obese
women in all trimesters (Table 2).

Systolic, diastolic and longitudinal function

There was no difference in EDV index, ESV index or ejection fraction between the groups (Table 3 and
Table S1). E/A ratio and TDI E’ lateral reduced with gestation in both groups (Table S2) and women
with obesity had lower E/A ratio, TDI E’ at the lateral and medial annulus and higher E/E’ ratio (Table 3,
Table S1 and Figure 2), suggesting worse diastolic function, compared to normal BMI women. Longitudinal
function of the right heart, assessed by tricuspid annular plane systolic excursion (TAPSE), was lower in
women with obesity (Table 3 and Table S1). Left longitudinal function, assessed by mitral annular plane
systolic excursion (MAPSE) at the lateral and septal annulus, reduced with gestation in the obese but not
in the normal BMI group (Table S2) although there was no significant difference between the groups.

Discussion

We have shown that, obese pregnant women have a different haemodynamic profile, altered cardiac geometry
and impaired diastolic indices compared to pregnant women with normal BMI. This is the first study to
present longitudinal data of cardiac function using 2D echocardiography in obese pregnant women. In
particular, we found that women with obesity have higher SBP, DBP, HR, SV and CO with lower PVR.
They also demonstrate higher PWT, RWT, LV mass and LV mass index with impaired diastolic indices
including lower E/A ratio, TDI E’ lateral, TDI E’ medial and higher E/E’ ratio suggesting, suboptimal
cardiac geometry, haemodynamic and diastolic function. In addition, we have a novel finding of a reduction
in MAPSE between the second and third trimester in the obese group and lower TAPSE in this group
compared to the normal BMI pregnant women, indicating possible impaired function in pregnant women
with obesity.

Our haemodynamic findings in the obese group are consistent with literature of non-pregnant obese individ-
uals. 3Obesity is associated with increased plasma volume expansion and CO due to excess body mass, with
a concomitant decrease in natriuresis.?® The raised CO leads to glomerular hyperfiltration and in turn raised
distal tubular sodium delivery. 2®Complex mechanisms lead to the upregulation of the renin-aldosterone-
angiotensin system and stimulation of the sympathetic nervous system, which can result in increased sodium
reabsorption, plasma volume expansion and arterial hypertension. 28 29 Heart rate is known to be raised
in obese individuals due to autonomic impairment, defined by a reduction in parasympathetic activity and
relative predominance of the sympathetic nervous system.> 3 Maternal PVR decreased with gestation in
both groups, in accordance with normal pregnancy physiology as peripheral vasodilation leads to a fall in
systemic vascular resistance’, and was lower in the obese, compared to the normal BMI group. Obese indi-
viduals have an expanded intravascular volume to meet the elevated metabolic requirements and as PVR is
proportional to MAP and CO, an elevated CO, seen in our obese group, will result in PVR reduction. 3! 32



We found a significant increase in LV mass and RWT across gestation in both groups, probably due to
physiological myocardial hypertrophy needed to support the increased CO in pregnancy.? 33Maternal LA
diameter, IVS, LVEDD, PWT, RWT, LV mass, LV mass index and LV hypertrophy prevalence were all sig-
nificantly higher in the obese group. Pregnancy itself is a hyperdynamic state and even in normal pregnancy
a small proportion of “healthy” pregnant women (5-6%) will have LV hypertrophy, defined by LV mass
index>95g/m? and RWT>0.42.% Here we report that obese pregnant women have an even more marked
hyperdynamic circulation, probably, in order to cope with the metabolic demands of increased adipose tissue
and fat-free mass, which can lead to LV dilation, increased wall stress and compensatory LV hypertrophy.
Furthermore, hyperinsulinemia and hyperleptinaemia, seen in obese individuals, could also be involved in
the pathogenesis of LV hypertrophy seen in this population.® 34 35

With regard to cardiac function, we found a reduction in diastolic indices, including E/A ratio and TDI
E’ at the lateral mitral annulus, with gestation in both groups. ® It is conceivable that the physiological
maternal myocardial hypertrophy reduces LV compliance, leading to a reduction in early diastolic filling and
a greater need for atrial contraction which can result in an increased A-wave and reduced E/A ratio. 8 3¢
When comparing the groups, the E/A ratio and TDI E’ lateral and medial were higher and E/E’ ratio lower
in the obese group. 37 3% Obesity associated LV hypertrophy leads to impaired relaxation and early filling
abnormalities which are compensated by augmented atrial contribution; these findings represent an early
index of cardiac dysfunction even when systolic performance is maintained. 3° We found no difference in
ejection fraction between groups, which is consistent with obese individuals outside pregnancy. ® 4 Mitral
annular plane systolic excursion assesses longitudinal function and gives an indication of systolic function
41 and in normal pregnancy, lateral and septal MAPSE have been reported to be reduced at term. & We
found that women with obesity have a reduction in MAPSE between the second and third trimester, which
could indicate early cardiac decompensation in this group. Right heart function, as assessed by TDI ¢’
and TAPSE, were lower in obese compared to normal BMI women, in accordance with findings outside the
setting of pregnancy, suggesting suboptimal right heart function in obesity.*?

The relationship between obesity and hypertension outside and during pregnancy is well documented. 43 44
Obesity increases the risk of hypertensive disorders compared to normal BMI pregnant women and it has
been reported that this risk doubles with each 5 to 7 unit increase in pre-pregnancy BMI. 4° It is conceivable
that maternal obesity induced insulin resistance can be associated with reduced cytotrophoblast migration
and uterine spiral artery remodelling, which leads to placental hypoxia and ischemia, which in turn can
result in the release of anti-angiogenic and inflammatory factors into the maternal circulation promoting
endothelial dysfunction, reduction in nitric oxide production, increase in oxidative stress and finally the
development of PE. 46 More recently, it is thought that the maternal cardiovascular system plays a pivotal
role in the pathophysiology of PE; the risk factors for PE are cardiovascular in nature, cardiovascular signs
and symptoms predominate the clinical picture of PE and cardiovascular morbidity persists for decades
after PE. 13 46 In accordance with this notion, higher early pregnancy maternal BP, maternal hyperdynamic
circulation with high CO and low resistance have been described prior to the onset, as well as, during the
clinical phase of late PE.23 47> 48With regard to cardiac geometry, it has been reported that 50% and 20%
of pregnant women destined to develop PE have evidence of cardiac remodelling, with higher RWT, and
concentric hypertrophy, respectively. Additionally, diastolic function has also been shown to be reduced
prior to the onset of PE. 49 2 We have found that obese pregnant women have features of a hyperdynamic
circulation with higher BP and CO, lower PVR, LV hypertrophy and reduced diastolic indices; characteristics
that may render these women more susceptible to the development of hypertensive disorders during pregnancy
and explain their high prevalence in obese pregnant women. '°

Strengths and limitations

All echocardiographic examinations were performed and analysed by experienced operators and the longi-
tudinal design adds strength to our findings. However, the examinations were technically challenging in the
obese group and two patients were removed from analysis due to inadequate quality. Women who attended
a minimum of two out of three scans were included, four women had two rather than three scans (two from



each group). Although the number of women with normal BMI was low, the findings in that group were
consistent with the published literature.?

Conclusion

Pregnant women with obesity, have altered maternal hemodynamic function (higher BP, CO, lower PVR) and
cardiovascular geometry (higher LV mass and LV hypertrophy) with suboptimal diastolic and longitudinal
function compared to women with normal BMI. The impact of these changes on the long-term maternal and
perinatal outcomes remains to be determined.

Disclosure statement
The authors report no conflict of interest.
Contribution to authorship

DP and MS conceptualised and planned and the study. The recruitment, echocardiograms and analysis were
carried out by DP and MV. The interpretation and first draft was written by DP. The discussion was further
developed with the assistance of MS and the paper was reviewed by GS.

Consent
Informed written consent to participate in the study and publication was obtained from all participants.
Funding

The study was funded by Borne (UK Registered Charity number: 1167073) and CW+ (UK Registered
Charity number: 1169897). The funding source had no involvement in the conduction of the study.

Ethical approval

The study protocol was approved by the National Health Service Research Ethics Committee (reference
number, 14/L.0/0592), February 2018.

References

1. World Health Organisation. Obesity and Overweight. Key facts

Obesity and overweight (who.int) [Accessed Jun 2021].

2. NHS Digital. Statistics on Obesity, Physical Activity and Diet 2020: Data tables. NHS Digital, 2020.

3. Saravanakumar K, Rao SG, Cooper GM. Obesity and obstetric anaesthesia. Anaesthesia 2006; 61 :
36-48.

4. Ashrafian H, Athanasiou T, le Roux CW. Heart remodelling and obesity: the complexities and variation
of cardiac geometry. Heart 2011;97 : 171-172.

5. Vasan RS. Cardiac function and obesity. Heart 2003;89 : 1127-1129.

6. Blomstrand P, Sjoblom P, Nilsson M, Wijkman M, Engvall M, Linne T, Nystrém FH, Ostgren CJ,
Engvall J. Overweight and obesity impair left ventricular systolic function as measured by left ventricular
ejection fraction and global longitudinal strain. Cardiovascular Diabetology 2018; 17 : 113.

7. May L. Cardiac Physiology of Pregnancy. Compr Physiol 2015;5 : 1325-1344.

8. Melchiorre K, Sharma R, Khalil A, Thilaganathan B. Maternal Cardiovascular Function in Normal Pre-
gnancy: Evidence of Maladaptation to Chronic Volume Overload. Hypertension 2016; 67 : 754-762.

9. Denison FC, Aedla NR, Keag O, Hor K, Reynolds RM, Milne A, Diamond A, Gynaecologists RCoOa.
Care of Women with Obesity in Pregnancy: Green-top Guideline No. 72. BJOG 2018.



10. Duckitt K, Harrington D. Risk factors for pre-eclampsia at antenatal booking: systematic review of
controlled studies. BMJ 2005;330 : 565.

11. Mbah AK, Kornosky JL, Kristensen S, August EM, Alio AP, Marty PJ, Belogolovkin V, Bruder K,
Salihu HM. Super-obesity and risk for early and late pre-eclampsia. BJOG 2010; 117 : 997-1004.

12. Castleman JS, Ganapathy R, Taki F, Lip GY, Steeds RP, Kotecha D. Echocardiographic Structure and
Function in Hypertensive Disorders of Pregnancy: A Systematic Review. Circ Cardiovasc Imaging 2016;9 .

13. Thilaganathan B, Kalafat E. Cardiovascular System in Preeclampsia and Beyond. Hypertension 2019;
73 : 522-531.

14. Buddeberg BS, Sharma R, O’Driscoll JM, Kaelin Agten A, Khalil A, Thilaganathan B. Cardiac malad-
aptation in obese pregnancy at term. Ultrasound Obstet Gynecol 2018.

15. Vonck S, Lanssens D, Staelens AS, Tomsin K, Oben J, Bruckers L, Gyselaers W. Obesity in pregnancy
causes a volume overload in third trimester. Fur J Clin Invest 2019; 49 : e13173.

16. Zhang Y, Wang Y, Shi J, Hua Z, Xu J. Cardiac output measurements via echocardiography versus
thermodilution: A systematic review and meta-analysis. PLoS One 2019; 14 : e0222105.

17. Patel D, Borrelli N, Patey O, Avesani M, Johnson MR, Di Salvo G, Savvidou MD. Maternal cardiovascular
adaptation to pregnancy in women with previous bariatric surgery. American Journal of Obstetrics and
Gynecology 2021.

18. British and Irish Hypertension Society. How to measure Blood Pressure. https://bihsoc.org/resources/bp-
measurement/measure-blood-pressure/ [Accessed 10/01/2019].

19. Melchiorre K, Sharma R, Thilaganathan B. Cardiac structure and function in normal pregnancy. Curr
Opin Obstet Gynecol 2012;24 : 413-421.

20. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, Flachskampf FA, Foster E,
Goldstein SA, Kuznetsova T, Lancellotti P, Muraru D, Picard MH, Rietzschel ER, Rudski L, Spencer KT,
Tsang W, Voigt JU. Recommendations for cardiac chamber quantification by echocardiography in adults:
an update from the American Society of Echocardiography and the European Association of Cardiovascular
Imaging.J Am Soc Echocardiogr 2015; 28 : 1-39.e14.

21. Mitchell C, Rahko PS, Blauwet LA, Canaday B, Finstuen JA, Foster MC, Horton K, Ogunyankin
KO, Palma RA, Velazquez EJ. Guidelines for Performing a Comprehensive Transthoracic Echocardiogra-
phic Examination in Adults: Recommendations from the American Society of Echocardiography. J Am Soc
Echocardiogr 2019; 32 : 1-64.

22. Kaddoura S. Echo Made Easy (3 edn). Elsevier, 2015; 59-62.

23. Tay J, Foo L, Masini G, Bennett PR, McEniery CM, Wilkinson IB, Lees CC. Early and late preeclampsia
are characterized by high cardiac output, but in the presence of fetal growth restriction, cardiac output is
low: insights from a prospective study. Am J Obstet Gynecol2018; 218 : 517.e511-517.e512.

24. Wang Y, Moss J, Thisted R. Predictors of body surface area. J Clin Anesth 1992; 4 : 4-10.

25. National Institute for Health and Care Excellence. Diabetes in pregnancy: management from preconcep-
tion to the postnatal period. [Accessed 10/02/2021 2021].

26. Nicolaides KH, Wright D, Syngelaki A, Wright A, Akolekar R. Fetal Medicine Foundation fetal and
neonatal population weight charts. Ultrasound in Obstetrics & Gynecology 2018; 52 : 44-51.

27. National Institute for Health and Care Excellence. Hypertension in pregnancy: diagnosis and manage-
ment. [Accessed 01/10/2022].

28. Owen JG, Yazdi F, Reisin E. Bariatric Surgery and Hypertension.Am J Hypertens 2017; 31 : 11-17.



29. Seravalle G, Grassi G. Obesity and hypertension. Pharmacological Research 2017; 122 : 1-7.

30. Rossi RC, Vanderlei LCM, Gongalves ACCR, Vanderlei FM, Bernardo AFB, Yamada KMH, da Silva
NT, de Abreu LC. Impact of obesity on autonomic modulation, heart rate and blood pressure in obese young
people. Autonomic Neuroscience 2015; 193 : 138-141.

31. Alpert MA, Omran J, Bostick BP. Effects of Obesity on Cardiovascular Hemodynamics, Cardiac Mor-
phology, and Ventricular Function. Curr Obes Rep 2016; 5 : 424-434.

32. Lavie CJ, Messerli FH. Cardiovascular Adaptation to Obesity and Hypertension. Chest 1986; 90 : 275-
279.

33. Kametas NA, McAuliffe F, Hancock J, Chambers J, Nicolaides KH. Maternal left ventricular mass and
diastolic function during pregnancy. Ultrasound in Obstetrics € Gynecology 2001; 18 : 460-466.

34. Samuelsson A-M, Bollano E, Mobini R, Larsson B-M, Omerovic E, Fu M, Waagstein F, Holméng A.
Hyperinsulinemia: effect on cardiac mass/function, angiotensin II receptor expression, and insulin signaling
pathways. American Journal of Physiology-Heart and Clirculatory Physiology 2006; 291 : H787-HT796.

35. Paolisso G, Tagliamonte MR, Galderisi M, Zito GA, D’Errico A, Marfella R, Carella C, de Divitiis O,
Varricchio M. Plasma leptin concentration, insulin sensitivity, and 24-hour ambulatory blood pressure and
left ventricular geometry. American Journal of Hypertension 2001; 14 : 114-120.

36. Fok WY, Chan LY, Wong JT, Yu CM, Lau TK. Left ventricular diastolic function during normal
pregnancy: assessment by spectral tissue Doppler imaging. Ultrasound in Obstetrics € Gynecology 2006;28
: 789-793.

37. Barbosa MM, Beleigoli AM, de Fatima Diniz M, Freire CV, Ribeiro AL, Nunes MC. Strain imaging in
morbid obesity: insights into subclinical ventricular dysfunction. Clin Cardiol 2011; 34 : 288-293.

38. AlJaroudi W, Halley C, Houghtaling P, Agarwal S, Menon V, Rodriguez L, Grimm RA, Thomas JD,
Jaber WA. Impact of body mass index on diastolic function in patients with normal left ventricular ejection
fraction. Nutrition € Diabetes 2012; 2 : €39-e39.

39. Berkalp B, Cesur V, Corapcioglu D, Erol C, Baskal N. Obesity and left ventricular diastolic dysfunction.
International Journal of Cardiology 1995; 52 : 23-26.

40. Wong Chiew Y, O’Moore-Sullivan T, Leano R, Byrne N, Beller E, Marwick Thomas H. Alterations of
Left Ventricular Myocardial Characteristics Associated With Obesity. Circulation 2004;110 : 3081-3087.

41. Hu K, Liu D, Herrmann S, Niemann M, Gaudron PD, Voelker W, Ertl G, Bijnens B, Weidemann F.
Clinical implication of mitral annular plane systolic excursion for patients with cardiovascular disease. Fur
Heart J Cardiovasc Imaging 2013; 14 : 205-212.

42. Ziyrek M, Alpaydin MS. Comparison of myocardial performance index and right ventricular myocardial
acceleration during isovolumic contraction in detection of right ventricular dysfunction in obese patients.
Turk Kardiyol Dern Ars 2020; 48 : 594-604.

43. Yu CK, Teoh TG, Robinson S. Obesity in pregnancy. BJOG 2006;113 : 1117-1125.

44. Hall John E, do Carmo Jussara M, da Silva Alexandre A, Wang Z, Hall Michael E. Obesity-Induced
Hypertension. Circulation Research2015; 116 : 991-1006.

45. O’Brien TE, Ray JG, Chan WS. Maternal body mass index and the risk of preeclampsia: a systematic
overview. Epidemiology 2003;14 : 368-374.

46. Lopez-Jaramillo P, Barajas J, Rueda-Quijano SM, Lopez-Lopez C, Felix C. Obesity and Preeclampsia:
Common Pathophysiological Mechanisms. Frontiers in Physiology 2018; 9 : 1838.



47. Valensise H, Vasapollo B, Gagliardi G, Novelli GP. Early and late preeclampsia: two different maternal
hemodynamic states in the latent phase of the disease. Hypertension 2008; 52 : 873-880.

48. Khaw A, Kametas NA, Turan OM, Bamfo J, Nicolaides KH. Maternal cardiac function and uterine artery
Doppler at 11-14 weeks in the prediction of pre-eclampsia in nulliparous women. BJOG: An International
Journal of Obstetrics & Gynaecology 2008; 115 : 369-376.

49. Melchiorre K, Sutherland G, Sharma R, Nanni M, Thilaganathan B. Mid-gestational maternal cardio-
vascular profile in preterm and term pre-eclampsia: a prospective study. BJOG 2013; 120 : 496-504.

50. Zhu D, Chen W, Pan Y, Li T, Cui M, Chen B. The correlation between maternal age, parity, cardiac
diastolic function and occurrence rate of pre-eclampsia. Sci Rep 2021; 11 : 8842.

Hosted file

Tables BJOG.docx available at https://authorea.com/users/577005/articles/619538-maternal-
cardiovascular-adaptation-to-pregnancy-in-obese-pregnant-women-an-observational-
longitudinal-study

Hosted file

Figure 1 BJOG.docx available at https://authorea.com/users/577005/articles/619538-maternal-
cardiovascular-adaptation-to-pregnancy-in-obese-pregnant-women-an-observational-
longitudinal-study

Hosted file

Figure 2 BJOG.docx available at https://authorea.com/users/577005/articles/619538-maternal-
cardiovascular-adaptation-to-pregnancy-in-obese-pregnant-women-an-observational-
longitudinal-study

10


https://authorea.com/users/577005/articles/619538-maternal-cardiovascular-adaptation-to-pregnancy-in-obese-pregnant-women-an-observational-longitudinal-study
https://authorea.com/users/577005/articles/619538-maternal-cardiovascular-adaptation-to-pregnancy-in-obese-pregnant-women-an-observational-longitudinal-study
https://authorea.com/users/577005/articles/619538-maternal-cardiovascular-adaptation-to-pregnancy-in-obese-pregnant-women-an-observational-longitudinal-study
https://authorea.com/users/577005/articles/619538-maternal-cardiovascular-adaptation-to-pregnancy-in-obese-pregnant-women-an-observational-longitudinal-study
https://authorea.com/users/577005/articles/619538-maternal-cardiovascular-adaptation-to-pregnancy-in-obese-pregnant-women-an-observational-longitudinal-study
https://authorea.com/users/577005/articles/619538-maternal-cardiovascular-adaptation-to-pregnancy-in-obese-pregnant-women-an-observational-longitudinal-study
https://authorea.com/users/577005/articles/619538-maternal-cardiovascular-adaptation-to-pregnancy-in-obese-pregnant-women-an-observational-longitudinal-study
https://authorea.com/users/577005/articles/619538-maternal-cardiovascular-adaptation-to-pregnancy-in-obese-pregnant-women-an-observational-longitudinal-study
https://authorea.com/users/577005/articles/619538-maternal-cardiovascular-adaptation-to-pregnancy-in-obese-pregnant-women-an-observational-longitudinal-study

