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Abstract
Background: This study aimed to compare the echocardiographic changes and cardiac biomarkers
between women with singleton and twin pregnancies.

Methods: From April 2014 to March 2016, this longitudinal cohort study invited pregnant women who
were scheduled to give birth at Hokkaido University Hospital. We analyzed prospectively collected data on
simultaneously determined echocardiographic parameters and blood cardiac markers of 44 women with
singleton and 22 women with twin pregnancies. Furthermore, we tested the mixed-effect models for
echocardiographic parameters and cardiac biomarkers.

Results: During the third trimester and immediately postpartum (within 1 week after childbirth), the mean
left atrial volume index and brain natriuretic peptide (BNP) level were signi�cantly higher in women with
twin pregnancies than in those with singleton pregnancies. Women with twin pregnancies also had
signi�cantly smaller second-trimester inferior vena cava diameters and signi�cantly higher third-trimester
creatinine levels than those with singleton pregnancies. BNP positively correlated with the left atrial
volume index (β = 0.49, p < 0.01) and the ratio of early diastolic transmitral to mitral annular velocity
(E/e') (β = 0.41, p < 0.01). At 1 month after childbirth in women with singleton pregnancies, BNP and N-
terminal precursor protein BNP (NT-proBNP) fragments immediately postpartum negatively correlated
with the later E/e' (r = −0.33, p = 0.02 and r = −0.36, p < 0.01, respectively).

Conclusions: The intravascular cardiac load reached maximum within 1 week after childbirth and was
greater in women with twin pregnancies than in those with singleton pregnancies. BNP/NT-proBNP
signi�cantly positively correlated with LA volume index and E/e'. In women with singleton pregnancies,
BNP secreted immediately after childbirth might improve the diastolic functions 1 month after childbirth.

Background
Twin pregnancy differs from singleton pregnancy in many aspects. Women with twin pregnancies have
greater physiological increase in circulating blood volume [1], greater gestational weight gain and
newborn weight (sum for twins) [2], shorter pregnancy length [3], more persistent systolic dysfunction
after childbirth [4], and greater risk for peripartum cardiomyopathy than those with singleton pregnancies
[5,6].

In pregnancy, blood volume increases physiologically [1]; this volume expansion is associated with
cardiac morphofunctional changes during gestation [7-12]. In Pritchard’s classical study [1], the
circulating blood volume in singleton and twin pregnancies increased by 1570 and 1960 mL, respectively.
As a result, the echocardiographic �ndings [13-17] and blood levels of cardiac biomarkers, such as B-type
natriuretic peptide (BNP), N-terminal precursor protein BNP fragment (NT-proBNP), and high-sensitivity
troponin I (hs-TnI), are signi�cantly different between women with singleton and twin pregnancies [18,
19]. Kuleva et al. [16] revealed a higher cardiac output in twin pregnancies than in singleton pregnancies.
According to Ghi et al., maternal systolic and diastolic functions change in all trimesters, and the systolic
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function decreases persistently after childbirth [17]. The BNP levels increase as heart failure worsens;
thus, BNP level measurement is widely used to assess the presence, severity, and prognosis of heart
failure [20, 21]. Both BNP and atrial natriuretic peptide are bene�cial in patients with heart failure [22, 23].
However, the echocardiographic parameters and cardiac biomarker levels in singleton and twin
pregnancies have not yet been compared, and their associations are still unknown.

Methods
Aim, design, and setting of the study

This study aimed to characterize the cardiac morphofunctional changes in normotensive women with
twin or singleton pregnancies and to determine their associations with BNP, NT-proBNP, and hs-TnI levels
using longitudinal prospectively collected data.

This was a longitudinal cohort study. From April 2014 to March 2016, this study invited pregnant women
who were scheduled to give birth at Hokkaido University Hospital. All participants were requested to
undergo echocardiography and blood sampling in each trimester, within 1 week after childbirth
(designated as “PP1”), and 1 month after childbirth (postpartum days 23–39) (designated as “PP2”). Out
of 701 women with singleton pregnancies and 61 with twin pregnancies who gave birth at the hospital
during the two-year study period, 151 and 41, respectively, participated in simultaneous echocardiography
and blood samplings (Fig. 1). This study was conducted as an additional examination of our previous
studies [11,24].

Participants  (Fig. 1) [11,24]

To compare longitudinal changes in echocardiographic �ndings between normotensive women with
singleton and twin pregnancies, we selected 22 eligible participants with twin pregnancies who met all of
the following four criteria: (1) no preexisting hypertension or development of hypertension during the
current pregnancy; (2) no preexisting diseases, including hematologic, endocrine, and connective tissue
diseases; (3) uneventful clinical course during the current pregnancy; and (4) simultaneous
echocardiography and blood sampling at least thrice during the four stages of pregnancy/postpartum
including the second trimester, third trimester, PP1, and PP2 time points. For the controls, we selected two
women of similar age from three women with singleton pregnancies whose delivery date was closest to
that of each eligible woman with twin pregnancy. A total of 44 women with singleton pregnancies were
included.

Echocardiographic evaluations  [11,24]

Each participant was placed in the left lateral decubitus position and underwent bedside transthoracic
echocardiography by a single trained operator (TU) using the same machine (ProSound α7; Hitachi,
Tokyo, Japan) according to the European Association of Cardiovascular Imaging guidelines [25]. We then
calculated the stroke volume by multiplying the aortic valve area by the aortic �ow velocity time integral.
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Only the inferior vena cava (IVC) diameter was evaluated in the dorsal position. To avoid any possible
performance bias, the trained operator was blinded to the biochemical data while performing
echocardiography.

Biochemical procedures  [11,24]

We stored serum and plasma samples at −20°C before performing the assays of hs-TnI, NT-proBNP, BNP,
and creatinine. To obtain the estimated glomerular �ltration rate (eGFR), we used the following equation:
0.739 × 194 × serum creatinine−1.094 × age [years]−0.287 [26]. Furthermore, we measured the hs-TnI, BNP,
and NT-proBNP levels using counting immunoassay kits (ARCHITECT High-Sensitivity Troponin I™,
ARCHITECT BNP-JP™; Abbott Japan, Chiba, Japan; and Elecsys proBNP II STAT Assay™; Roche
Diagnostics K.K., Tokyo, Japan, respectively).

Statistical Analysis  [11,24]

All statistical data were analyzed using JMP Pro12© (SAS, Cary, NC, USA) and SPSS version 24.0 (IBM,
Armonk, NY, USA). Using Student’s t-test with Bonferroni correction, we compared changes in variables
within a group. Correlations at each time point and associations between echocardiographic parameters
and biomarker levels were assessed using the mixed-effects model. In addition, we standardized
dependent (echocardiographic parameters) and independent (biomarker levels) variables to interpret the
regression coe�cient as the correlation coe�cient. A compound symmetry covariance structure was
implemented at each time point. Furthermore, p < 0.05 was considered to be statistically signi�cant.
However, in this study, a linear correlation between two standardized variables was considered signi�cant
if p was <0.05 and standardized regression coe�cient (β) was >0.3 or ≤0.3.

Results
Overall, 44 women with singleton pregnancies and 22 with twin pregnancies underwent 166 and 83
echocardiographic procedures along with blood sampling, respectively (Table 1). Women with twin
pregnancies had a signi�cantly higher percentage of gestational weight gains during third trimester than
those with singleton pregnancies (Table 2).

Cardiac morphofunctional changes in women with singleton and twin pregnancies (Table 3, Fig. 2)

The left ventricular (LV) masses and left atrial (LA) volumes increased as gestation advanced, reaching
their peak values at PP1. Regarding the ratio of early diastolic mitral �ow velocity (E) to the average
between early diastolic septal and lateral mitral annular velocities (e') (E/e') in women with singleton
pregnancies, the value increased signi�cantly at PP1 compared with that at the initial second trimester.
However, the E/e' values in women with twin pregnancies were higher than those in women with singleton
pregnancies during the second trimester and at PP1 (p = 0.01 and p = 0.02, respectively). The LA volume
corrected by body surface area was also signi�cantly higher at PP1 in women with twin pregnancies than
in women with singleton pregnancies (p = 0.04). Conversely, women with twin pregnancies had smaller



Page 5/15

average systolic septal and lateral mitral annular velocities (s') as indexes of long-axis contractility than
those with singleton pregnancies at PP1 and PP2 (p < 0.01 and p < 0.01, respectively), although the
shortening fractions as an index of short-axis contractility were not signi�cantly different between the
study groups during the postpartum period (p = 0.52 and p = 0.66, respectively). During the postpartum
period, women with twin pregnancies had transiently signi�cantly lower heart rates and cardiac outputs
than those with singleton pregnancies.

Changes in biomarkers in women with singleton and twin pregnancies (Table 4, Fig. 3)

The maternal weights were maximum during the third trimester, but the BNP and NT-proBNP levels
reached their peak at PP1 and were signi�cantly higher in women with twin pregnancies than in those
with singleton pregnancies during the peripartum period. During this period, the hs-TnI level did not
signi�cantly change. Moreover, women with twin pregnancies had signi�cantly higher serum creatinine
levels and signi�cantly lower eGFR than those with singleton pregnancies in the third trimester (p < 0.01
and p < 0.01, respectively).

Associations between cardiac biomarker levels and echocardiographic parameters (Fig. 4)

We analyzed correlations between standardized cardiac biomarkers, namely, BNP, NT-proBNP, and hs-TnI,
and four echocardiographic parameters, namely, standardized s', e', E/e', and LA volume index. BNP and
NT-proBNP levels signi�cantly positively correlated with E/e' and LA volume index, whereas the hs-TnI
level did not signi�cantly correlate with any of the four echocardiographic parameters.

Correlations between BNP/NT-proBNP and hs-TnI during PP1 and later systolic and diastolic functions
during PP2 (Fig. 5)

We analyzed standardized BNP, NT-proBNP, and hs-TnI levels at PP1 to detect their correlations with later
standardized s', e', E/e', and LA volume index values at PP2. The BNP/NT-proBNP levels at PP1 had a
signi�cantly negative correlation with later E/e' values at PP2 in women with singleton pregnancies (r =
−0.34, p = 0.04), but no correlation was found in those with twin pregnancies (r = −0.27, p = 0.23) (Fig. 5).
However, the hs-TnI level did not signi�cantly correlate with any of the four echocardiographic
parameters.

Differences in echocardiographic parameters and cardiac biomarkers according to chorionicity (Table 5)

We compared the echocardiographic parameters and cardiac biomarkers of monochorionic and
dichorionic twins at each time point. In the second trimester, the monochorionic twins had a larger LA
diameter (p = 0.03) and a smaller IVC diameter (p = 0.04) than diamniotic twins, but no signi�cant
difference was found in the LA volume (p = 0.88). Meanwhile, other echocardiographic parameters and
cardiac biomarkers were not signi�cantly different between the monochorionic and dichorionic twins.

Discussion
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Our study obtained the following �ndings: (1) women with singleton and twin pregnancies reached the
peak levels of LA volume index, E/e', and BNP/NT-proBNP at PP1; (2) women with twin pregnancies had
higher LA volume index, E/e', and BNP/NT-proBNP level and smaller s' than those with singleton
pregnancies at PP1; (3) women with twin pregnancies had signi�cantly higher serum creatinine level and
signi�cantly lower eGFR than those with singleton pregnancies in the third trimester; (4) the BNP/NT-
proBNP level had a signi�cantly positive correlation with the LA volume index and E/e', (5) the BNP/NT-
proBNP level at PP1 predicted diastolic function recovery at PP2 in women with singleton pregnancy.

The LA volume index, E/e', and BNP/NT-proBNP variables reached their peak at PP1. Therefore,
regardless of the number of fetuses, the maximal cardiac volume load occurred at PP1 and not during the
late stages of pregnancy. This concept is consistent with our previous reports [11,24], which suggested
that the maximum cardiac volume load occurred at PP1 in normotensive as well as hypertensive women
with singleton pregnancies. These results are also consistent with Burlingame et al.’s study [12] and
explain the likelihood of heart failure at PP1 among women with structural heart diseases [27];
peripartum cardiomyopathy is also often observed during the postpartum period [5]. Interstitial �uid
retention occurs physiologically even in normotensive singleton pregnancies, wherein approximately 40%
women exhibit pitting edema during the third trimester [28]. The decrease in systemic vascular resistance
[10] causes an increase in reserved blood at the splanchnic venous reservoir [29]. Parturition is thought to
reverse this process. In contrast, the increase in systemic vascular resistance during the postpartum
period [10] can actively expel splanchnic blood into the systemic circulation [29], resulting in a maximal
volume load in the early postpartum period.

In this study, the LA volume index, E/e', and BNP/NT-proBNP level were higher in women with twin
pregnancies than in those with singleton pregnancies at PP1. Thus, twin pregnancy is a prominent risk
factor for peripartum cardiomyopathy [5]. In Ghi et al.’s study, LV diastolic function recovered 6 months
after childbirth, but LV contractility decreased [17]. Consistent with their �ndings, our results showed that
e' was similar to that in singleton pregnancy but s', which is the contractility in the longitudinal direction,
was lower than that in singleton pregnancy until PP2 [17]. Moreover, Orabona et al. reported a reduction in
preload reserve in twin pregnancy [18]. Considering that the circulating blood volume was higher in twin
pregnancies than in singleton pregnancies [1], this result was caused by the fact that the volume load
during pregnancy exceeded the physiological limit of reversible adaptation.

To our knowledge, this study is the �rst to report that women with twin pregnancies had signi�cantly
higher serum creatinine levels and lower eGFRs than those with singleton pregnancies during third
trimester (Table 4 and Fig. 3). The lower eGFR in women with twin pregnancies involves certain
mechanisms. For instance, the central venous pressure may be higher in women with twin pregnancies
than in those with singleton pregnancies owing to the smaller IVC diameter (compressed by the enlarged
uterus) in women with twin pregnancies (Fig. 2) despite higher blood volume expansion [1]. Despite the
higher blood volume expansion in women with twin pregnancies than in those with singleton pregnancies
[1], the third-trimester cardiac outputs were similar between these two groups with similar heart rates (Fig.
2); although in some studies, women with twin pregnancies had a higher cardiac output than those with
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singleton pregnancies [13-16]. Therefore, blood �ow velocities were slower in twin pregnancies than in
singleton pregnancy, resulting in lower eGFRs in the former than in the latter.

Moreover, the BNP/NT-proBNP level signi�cantly positively correlated with the LA volume index and E/e'
(Fig. 4), implying that BNP is secreted by tension applied to the myocardium with volume and pressure
overload [30]. Nonhemodynamic factors such as catecholamines and other neuroendocrines synthesize
BNP [31]. In pregnant women, the mechanism of BNP secretion is insu�ciently understood, but BNP may
be secreted by diuretic action to reduce the volume and pressure overload on the myocardial wall [32,33].
In the present study, in singleton pregnancies, the higher the BNP level immediately after childbirth was,
the lower the E/e' at PP2 (Fig. 5). Therefore, BNP has a cardioprotective effect in healthy pregnant women
with singleton pregnancies. In addition, a higher BNP level immediately postpartum predicted diastolic
function recovery at PP2, as evidenced by E/e' decrease as an index of the LV �lling pressure (Fig. 5).
This phenomenon may also mean that BNP is actively secreted to protect cardiac function from the
cardiac volume load immediately postpartum. However, this trend was not observed in women with twin
pregnancies because of the limited sample size and because catecholamine production from
postoperative pain affected BNP, considering that 95% of women had undergone cesarean section [34].

We found two reports of hemodynamic comparison between monochorionic and dichorionic twin
pregnancies [18, 35]. Ghi et al. reported that monochorionic twin pregnancies had lower cardiac output,
higher systemic vascular resistance, and higher E/A than dichorionic twin pregnancies [35], but our study
found no differences in echocardiographic parameters and cardiac biomarkers between monochorionic
and dichorionic twin pregnancies (Table 5), as in the results of Orland et al. [18]. Ghi et al. [35] attributed
the difference to the lower circulating blood volume of the monochorionic twin pregnancies, compared
with that of the dichorionic twin pregnancies, but our study had no data to complement their �ndings.
This result may also be associated with sample size issues; hence, further investigation is required.

This study has few limitations. First, we missed the �rst-trimester twin pregnancy data. As a regional core
center, our hospital often accepts referred women with twin pregnancies after the �rst trimester. Second,
twin pregnancies had a higher cesarean section rate than singleton pregnancies. Given that cesarean
delivery results in a greater intravascular burden after childbirth than vaginal delivery [11], cesarean
section may in�uence the postpartum course of twin pregnancies. Third, our study had a limited study
population and was conducted at a single center, potentially limiting the generalizability of our �ndings.

Conclusions
In conclusion, hemodynamic changes were considerably different between women with singleton
pregnancies and twin pregnancies. Women with twin pregnancies had a greater cardiac load at
peripartum; hence, twin pregnancy is a consistent and prominent risk factor for heart failure. Although the
mechanism of BNP secretion in pregnant women remains unclear, the BNP/NT-proBNP level had a
signi�cantly positive correlation with the LA volume index and E/e', and BNP secretion may reduce the
volume overload and pressure overload on the myocardial wall by diuretic action.
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BNP, brain natriuretic peptide; E, early diastolic mitral �ow velocity; e', average between early diastolic
septal and lateral mitral annular velocities; eGFR, estimated glomerular in�ltration rate; hs-TnI, high-
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Declarations
Ethics approval and consent to participate: This study was approved by the Institutional Review Board of
Hokkaido University Hospital and conformed to the principles of Declaration of Helsinki. Participants
provided written informed consent.

Consent for publication: Not applicable.

Availability of data and materials: The datasets cannot be made publicly available due to ethical
restrictions by the Institutional Review Board of Hokkaido University Hospital. Please contact the
corresponding author to consider the data set disclosure.

Competing interests: None declared.

Funding: This study was supported by a Grant-in Aid for Scienti�c Research from the Ministry of
Education, Science, Sports, and Culture of Japan (No. 2646246804, JP19K18657). This work was not
associated with any commercial entity.

Authors’ contributions: All authors, TU, TY, IF, HI, MM, HW, and HM, participated in the design of the study
and collected data on each pregnant woman that participated in this study. TU participated in design of
the study, performed statistical analyses, and drafted the manuscript. HM conceived of the study, and
participated in its design and coordination, and helped to draft the manuscript. All authors have read and
approved

the manuscript.

Acknowledgements: Not applicable.

References
1. Pritchard JA. Changes in blood volume during pregnancy. Anesthesiology 1965; 26: 393-

2. Morikawa M, Yamada T, Akaishi R, et al. Gestational weight gain according to number of fetuses in
Japanese women. J Perinat Med 2014; 42: 523-

3. Minakami H, Sato I. Reestimating date of delivery in multifetal pregnancies. JAMA 1996; 275: 1432-
4.



Page 9/15

4. Ghi T, degli Esposti D, Montaguti E, et al. Maternal cardiac evaluation during uncomplicated twin
pregnancy with emphasis on the diastolic function. Am J Obstet Gynecol 2015; 213: 376.e1-8.

5. Elkayam U. Clinical characteristics of peripartum cardiomyopathy in the United States: Diagnosis,
prognosis, and management. J Am Coll Cardiol 2011; 58: 659-70.

�. Kamiya CA, Kitakaze M, Ishibashi-Ueda H, et al. Different characteristics of peripartum
cardiomyopathy between patients complicated with and without hypertensive disorders-Results from
the Japanese Nationwide survey of peripartum cardiomyopathy-. Circ J 2011; 75: 1975-81.

7. Cong J, Yang X, Zhang N, Shen J, Fan T, Zhang Z. Quantitative analysis of left atrial volume and
function during normotensive and preeclamptic pregnancy: a real-time three-dimensional
echocardiography study. Int J Cardiovasc Imaging 2015; 31: 805-12.

�. Estensen ME, Beitnes JO, Grindheim G, et al. Altered maternal left ventricular contractility and
function during normal pregnancy. Ultrasound Obstet Gynecol 2013; 41: 659-66.

9. Savu O, Jurcuţ R, Giuşcă S, et al. Morphological and functional adaptation of the maternal heart
during pregnancy. Circ Cardiovasc Imaging 2012; 5: 289-97.

10. Melchiorre K, Sharma R, Khalil A, Thilaganathan B. maternal cardiovascular function in normal
pregnancy: Evidence of maladaptation to chronic volume overload. Hypertension 2016; 67: 754-62

11. Umazume T, Yamada T, Yamada S, et al. Morphofunctional cardiac changes in pregnant women:
associations with biomarkers. Open Heart 2018; 5: e000850.

12. Burlingame J, Yamasato K, Ahn H, et al. B-type natriuretic peptide and echocardiography re�ect
volume changes during pregnancy. J Perinat Med 2017:45:577-583.

13. Veille JC, Morton MJ, Burry KJ. Maternal cardiovascular adaptations to twin pregnancy. Am J Obstet
Gynecol 1985; 153: 261-3.

14. Robson SC, Hunter S, Boys RJ, Dunlop W. Hemodynamic changes during twin pregnancy. A Doppler
and M-mode echocardiographic study. Am J Obstet Gynecol 1989; 161: 1273-8.

15. Kametas NA, McAuliffe F, Krampl E, Chambers J, Nicolaides KH. Maternal cardiac function in twin
pregnancy. Obstet Gynecol 2003; 102: 806-15.

1�. Kuleva M, Youssef A, Maroni E, et al. Maternal cardiac function in normal twin pregnancy: a
longitudinal study. Ultrasound Obstet Gynecol 2011; 38: 575-80.

17. Ghi T, degli Esposti D, Montaguti E, et al. Maternal cardiac evaluation during uncomplicated twin
pregnancy with emphasis on the diastolic function. Am J Obstet Gynecol 2015; 213: 376.e1-8.

1�. Orabona R, Prefumo F, Zanardini C et al. Maternal functional hemodynamics in uncomplicated twin
pregnancies: A longitudinal study using impedance cardiography. Acta Obstet Gynecol Scand
2019;98:188-195.

19. Umazume T, Yamada T, Ishikawa S, et al. Prospective study on changes in blood variables in
pregnant women at higher risk of peripartum cardiomyopathy. ESC Heart Failure 2015; 2: 208-15.

20. Maisel AS, Krishnaswamy P, Nowak RM, et al. Rapid measurement of B-type natriuretic peptide in the
emergency diagnosis of heart failure. N Engl J Med 2002; 347: 161-7.



Page 10/15

21. Stanek B, Frey B, Hülsmann M, et al. Prognostic evaluation of neurohumoral plasma levels before
and during beta-blocker therapy in advanced left ventricular dysfunction. J Am Coll Cardiol 2001; 38:
436-42.

22. Levin ER, Gardner DG, Samson WK. Natriuretic peptides. N Engl J Med 1998; 339: 321-8.

23. Mills RM, LeJemtel TH, Horton DP, et al. Sustained hemodynamic effects of an infusion of nesiritide
(human b-type natriuretic peptide) in heart failure: A randomized, double-blind, placebo-controlled
clinical trial. Natrecor Study Group. J Am Coll Cardiol 1999; 34: 155-62.

24. Umazume T, Yamada S, Yamada T, et al. Association of peripartum troponin I levels with left
ventricular relaxation in women with hypertensive disorders of pregnancy. Open Heart 2018; 5:
e000829.

25. Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for cardiac chamber quanti�cation by
echocardiography in adults: an update from the American Society of Echocardiography and the
European Association of Cardiovascular Imaging. Eur Heart J Cardiovasc Imaging 2015; 16: 233-

2�. Matsuo S, Imai E, Horio M, eta al. Collaborators developing the Japanese equation for estimated
GFR. Revised equations for estimated GFR from serum creatinine in Japan. Am J Kidney Dis 2009;
53: 982-

27. Ruys TP, Roos-Hesselink JW, Hall R, et al. Heart failure in pregnant women with cardiac disease: data
from the ROPAC. Heart. 2014; 100: 231-8.

2�. Chiba K, Yamada T, Kawaguchi S, et al. Clinical signi�cance of proteinuria determined with dipstick
test, edema, and weekly weight gain ≥ 500g at antenatal visit. Pregnancy Hypertens 2013; 3: 161-5.

29. Gelman S, Mushlin PS. Catecholamine-induced changes in the splanchnic circulation affecting
systemic hemodynamics. Anesthesiology. 2004; 100: 434-9.

30. Bianciotti L.G., de Bold A.J. Modulation of cardiac natriuretic peptide gene expression following
endothelin type A receptor blockade in renovascular hypertension. Cardiovasc. Res 2001; 49: 808–
816.

31. Bruneau B.G., Piazza L.A., de Bold A.J. Alpha 1-adrenergic stimulation of isolated rat atria results in
discoordinate increases in natriuretic peptide secretion and gene expression and enhances Egr-1 and
c-Myc expression. Endocrinology 1996;137:137–143.

32. Houben AJ, van der Zander K, de Leeuw PW. Vascular and renal actions of brain natriuretic peptide in
man: physiology and pharmacology. Fundam Clin Pharmacol 2005; 19: 411-9.

33. Abbas SS, Mahmoud HM, Schaalan MF, El-Abhar HS. Involvement of brain natriuretic peptide
signaling pathway in the cardioprotective action of sitagliptin. Pharmacol Rep 2018; 70: 720-9.

34. Valette X, Lemoine S, Allouche S, et al. Effect of lipopolysaccharide, cytokines, and catecholamines
on brain natriuretic peptide release from human myocardium. Acta Anaesthesiol Scand 2012;56:860-
5.

35. Ghi T, Dall'Asta A, Franchi L, et al. The Effect of Chorionicity on Maternal Cardiac Adaptation to
Uncomplicated Twin Pregnancy: A Prospective Longitudinal Study. Fetal Diagn Ther 2019;45:394-
402.



Page 11/15

Tables
Due to technical limitations, tables 1-5 are only available as downloads in the Supplemental Files section.

Figures

Figure 1

Study design *, We selected two women of similar age with singleton pregnancies whose delivery date
was closest to that of each woman with twin pregnancy who met the four criteria (see method) to serve
as controls.
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Figure 2

Cardiac morphofunctional changes in women with singleton and twin pregnancies †, p < 0.05 between
two groups. A, late diastolic mitral �ow velocity; BSA, body surface area; E, early diastolic mitral �ow
velocity; e', average of early diastolic septal and lateral mitral annular velocities; IVC, inferior vena cava;
LA, left atrium; LV, left ventricle; s', average of systolic septal and lateral mitral annular velocities. Table 3
lists the detailed data on these and other variables.
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Figure 3

Changes in maternal body weight and biomarkers in women with singleton and twin pregnancies †, p <
0.05 between two groups. BNP, brain natriuretic peptide; hs-TnI, high-sensitivity troponin I; NT-proBNP, N-
terminal precursor protein BNP. See Tables 2 and 4 for detailed data on these and other variables.
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Figure 4

Standardized regression coe�cients between blood variable levels and echocardiographic measurements
β, Standardized regression coe�cient. Regression line drawn for β>0.3. When the hs-TnI level was below
the limit of detection (0.1 pg/mL), we assumed that hs-TnI was present at 0.1 pg/mL serum level. BSA,
body surface area; BNP, brain natriuretic peptide; hs-TnI, high-sensitivity troponin I; NT-proBNP, N-terminal
precursor protein BNP; E, early diastolic mitral �ow velocity; e', average of early diastolic septal and lateral
mitral annular velocities; LA, left atrium; s', average of systolic septal and lateral mitral annular velocities.
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Figure 5

Correlations between NT-proBNP levels at immediate postpartum and later diastolic function at 1 month
postpartum NT-proBNP, N-terminal precursor protein BNP; E, early diastolic mitral �ow velocities; e',
average of early diastolic septal and lateral mitral annular velocities.
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