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Abstract
Introduction Pregnancy is a process that causes several physiological changes including all systems as well as cardiovascular
system. Ventricular hypertrophy and dilation of cardiac chambers are seen as a result of these changes. Although there are
studies about pregnancy-related changes in echocardiographic examination; there is no data about the long-term effects of
parity on these alterations. Therefore, we have evaluated the long-term effect of pregnancy on right ventricular (RV) dilation
and RV hypertrophy and their relation to the parity number. Methods This prospective study included a total of 600 women
(200 consecutive women who had no parity, 200 women who had a parity number of 1 to 4 and 200 women who had a parity
number of more than 4). Right chambers’ measurements were compared between the groups. Results In echocardiographic
analysis, RV and right atrial dimensions and areas and RV wall thickness were higher in parous women. On the other hand,
RV systolic function parameters were significantly lower in parous women. These significant changes showed a gradual increase
or decrease by increasing parity number. There were also independent relationship between the number of parity and RV
hypertrophy even after adjustment for several confounders. Conclusion Pregnancy-related physiological changes mostly resolve
after delivery. This study about long-term effects of pregnancy on RV has demonstrated that there is a significant relation
between the number of parity and either RV dilation or RV hypertrophy. Each parity had also additive effect on these changes.
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Bayram Öztürk, MD3 ; Adnan Kaya, Assoc. Prof. MD4 ; Lütfi Öcal, MD5 ;
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Abstract
Introduction
Pregnancy is a process that causes several physiological changes including all systems as well as cardiovascular
system. Ventricular hypertrophy and dilation of cardiac chambers are seen as a result of these changes.
Although there are studies about pregnancy-related changes in echocardiographic examination; there is no
data about the long-term effects of parity on these alterations. Therefore, we have evaluated the long-term
effect of pregnancy on right ventricular (RV) dilation and RV hypertrophy and their relation to the parity
number.
Methods
This prospective study included a total of 600 women (200 consecutive women who had no parity, 200
women who had a parity number of 1 to 4 and 200 women who had a parity number of more than 4). Right
chambers’ measurements were compared between the groups.
Results
In echocardiographic analysis, RV and right atrial dimensions and areas and RV wall thickness were higher
in parous women. On the other hand, RV systolic function parameters were significantly lower in parous
women. These significant changes showed a gradual increase or decrease by increasing parity number. By
multivariate hierarchical logistic regression analysis, the 4 independent factors that increased the risk of RV
dilation were age (OR: 1.16 CI: 1.10 – 1.20), body mass index (OR: 1.05, CI: 1.02 to 1.08), smoking (OR: 1.87,
CI: 1.28 to 4.02), and giving a birth (OR: 3.94 CI: 1.82 – 8.81). There were also independent relationship
between the number of parity and RV hypertrophy even after adjustment for several confounders.
Conclusion
Pregnancy-related physiological changes mostly resolve after delivery. This study about long-term effects of
pregnancy on RV has demonstrated that there is a significant relation between the number of parity and
either RV dilation or RV hypertrophy. Each parity had also additive effect on these changes.
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Pregnancy causes several physiological changes as well as changes in cardiovascular system. These changes
are usually seen during pregnancy and mostly resolve after delivery. Plasma volume, heart rate and stroke
volume increase in pregnancy and because of these changes cardiac output increases (1). The change in
stroke volume occurs by means of increase in ventricular muscle mass and cardiac chamber dilation seen in
all four cardiac chambers. The effect of stroke volume on cardiac output is more evident in early course of
pregnancy and later in the course it is mainly associated with increased heart rate. Besides these changes,
left ventricular (LV) ejection fraction and right ventricular (RV) systolic function do not change in pregnancy
(2-3). RV has a key role in cardiovascular physiology and shows compensatory changes including RV dilation
and hypertrophy in pregnancy (4). Although there are many studies demonstrated the effects of pregnancy
on cardiovascular system; the long-term effect of pregnancy on right heart functions has not been studied.
We thought that some changes can persist after delivery in some extent and there may be an additive effect
of each pregnancy on these changes. Therefore, we have evaluated the long-term effect of pregnancy on RV
dilation and RV hypertrophy and their relation of the number of parity.
Methods
This prospective study was performed in a tertiary center and included a total of 600 consecutive women
(200 consecutive women who had no parity, 200 women who had a parity number from1 to 4and 200 women
who had a parity number more than 4). The minimum time of pregnancy-free interval was 12 months. The
duration of study was 4 months, from July 2020 to October 2020.The patients who had no structural heart
disease, history of preeclampsia and eclampsia, atrial fibrillation, neither structural nor vascular pulmonary
disease, any autoimmune disease and any systemic disorder with the exception of obesity, hypertension (HT),
hyperlipidemia (HL) and diabetes mellitus (DM) are included in the present study in order to eliminate the
other factors that can cause morphological changes in RV. Ethical clearance was obtained from the ethics
and research committee of our university. All participants gave written informed consent before enrollment
in the study. The research was conducted in accordance with the principles of the Declaration of Helsinki.
HT was defined as systolic pressure greater than 140 mm Hg or diastolic pressure greater than 90 mm
Hg. DM was defined as the use of insulin or antidiabetic agents in the patient’s medical history or a
fasting glucose level greater than 126 mg/dl. HL was defined as serum total cholesterol > 240 mg/dl,
serum triglyceride >200 mg/dl, low-density lipoprotein cholesterol >130 mg/dl, and previously diagnosed
HL. Echocardiogram was performed using a Vivid 7 system (GE Vingmed Ultrasound AS, Horten, Norway).
The parameters assessed were RV length, basal and mid diameters in cm , RV free wall thickness in mm,
RV systolic and diastolic areas in cm2 , right atrial (RA) area in cm2 and RA volume in cm3 ,fractional area
change (FAC), DTI-derived tricuspid lateral annular systolic velocity wave (S’) in cm/s, tricuspid annular
plane systolic excursion (TAPSE) in cm, estimated pulmonary arterial pressure (PAP) calculated using
the tricuspid regurgitation jet, LV end-diastolic dimension and LV ejection fraction. The measurements
were done according to American Society of Echocardiography and European Association of Cardiovascular
Imaging guidelines (5). RV dilation was defined as RV basal diameter greater than 4,1 cm. RV hypertrophy
was defined as RV free wall thickness greater than 5 mm.
Statistical Analysis
Analyses were performed using Statistical Package for Social Sciences software, version 20.0 (SPSS; IBM,
Armonk, New York, USA). Baseline characteristics and echocardiographic parameters were compared among
the patients by parity number and categorized; accordingly, nulliparous, 1 to 4 and parity>4. KolmogorovSmirnov test was used for testing of normality. Continuous variables were expressed as mean± SD and
compared using one-way analysis of variance. Tukey Post-hoc test was performed to reveal the statistical
difference between the groups. Continuous variables with skewed distributions compared using the KruskalWallis test and Bonferroni-corrected Mann-Whitney U test was performed to reveal the statistical difference
between the groups. Categorical variables were expressed as number and percentages and Pearson’s chisquare or Fisher’s exact tests were used to evaluate the differences. Hierarchical logistic regression analysis
was used for multivariable analysis to evaluate the univariable and multivariable confounders for RV dilation.
The odds ratio (OR) indicates the relative risk of RV dilation. Multivariate analysis by stepwise logistic
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regression models (backward elimination) tested variables that were significant at p<0.1 in the univariate
analysis. A forward hierarchical logistic regression model was used for multivariable analysis to assess the
independent relationship between each parity category and RV dilation and hypertrophy. Two models were
generated to obtain the impact of potential confounders on the association between parity category and RV
dilation and hypertrophy. These 2 models include: (1) unadjusted; (2) adjusted for age, body mass index,
body surface area and smoking. The odds ratio (OR) indicates the relative risk of RV dilation and RV
hypertrophy of parity category compared with nulliparity. Intra-observer and interobserver variability were
assessed on separate occasions, using new arbitrary images for RV basal dimension and RV thickness blinded
to the previous results and shown in Table 4. Fifty subjects were randomly selected from each group for
the analyses. For the interobserver variability assessment, the first observer performed the analyses. Second
observer repeated the analyses within 24 hours. For assessment of the intra-observer variability the analyses
were repeated twice by the first observer within 1 week. Results were analyzed using coefficient of variation
where differences between measurements were expressed as the ratio of the standard deviation to the means
and multiplied by 100. Statistical significance was defined as a p value < 0.05.
Results
The women’s baseline characteristics and echocardiographic findings stratified by parity status were listed
in Table1. A total of 600 women (mean age 45.1± 6.8) were included. The baseline characteristics of cases
were similar in terms of age, hypertension, diabetes mellitus, hyperlipidemia, current smoking status, body
mass index and body surface area. In echocardiographic analysis, RV length, mid and basal diameters, RV
systolic and diastolic areas, RV wall thickness, RA area and volume, estimated PAP were significantly higher
in parous women. On the other hand, parameters using for evaluation of RV function such as TAPSE, FAC,
S’ velocity were significantly lower in parous women. The decrease in these parameters, however, has not
reached under the lower reference limit according to the guideline. Grand multiparous women had the highest
values which were higher in parous women and the lowest values which were lower in parous women. LV
ejection fraction and LV end-diastolic dimension were similar between the groups. Figure 1 demonstrates
the distribution of RV basal diameter stratified by parity category. In nulliparous group, 8 women (4%) had
RV dilation and 6 women (3%) had RV hypertrophy. In women with a parity number of 1 to 4, 11 women
(5.5 %) had RV dilation and 19 women (9.5%) had RV hypertrophy. In grand multiparous group, 42 women
(22.4 %) had RV dilation and 33 women (16.4 %) had RV hypertrophy.
Two different hierarchical logistic regression analyses were performed and demonstrated in Table 2 and
3. In the first analysis (Table 2), the univariate predictors of RV dilation were age, body mass index,
body surfacearea, hyperlipidemia, smokingand giving a birth (being parous vs nulliparous). By multivariate
hierarchical logistic regression analysis, the 4 independent factors that increased the risk of RV dilation were
age (OR: 1.16 CI: 1.10 – 1.20), body mass index (OR: 1.05, CI: 1.02 to 1.08), smoking (OR: 1.87, CI: 1.28
to 4.02), and giving a birth (OR: 3.94 CI: 1.82 – 8.81).
In the second analysis (Table 3) RV dilation and hypertrophy had the highest rates at parity category of
> 4 parity and that had 6.9 and 6.3-times higher than nulliparous category respectively, which had the
lowest rates and used as the reference group. This relationship persisted even after adjustment for several
confounders; RV dilation and hypertrophy had the highest rates at parity category of > 4 and that had
5.2 and 5.4-times higher than nulliparous category respectively. Compared with the reference group, the
women with the parity category of 1< to 4 parity had 3.4 times higher RV hypertrophy and this relationship
persisted even after adjustment for several confounders. However, compared with the reference group, the
women with the parity category of 1 to 4 parity had higher rates of RV dilation, it did not reach to statistical
significance.
Discussion
We have evaluated the long-term effect of pregnancy on structural and functional echocardiographic measurements of RV and their association with the number of parity. Although the parameters used for evaluation
of RV function had never been measured under the lower reference limit in the study population, these
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parameters have reduced in some extent. On the other hand, the structural changes of RV were more evident
owing to the findings about RV dilation and RV hypertrophy meaning RV basal diameter and free wall
thickness were above the upper reference limit. While the number of parities had a significant effect on these
functional and structural changes of RV, giving a birth was found as independent risk factor for RV dilation.
The cardiovascular system undergoes several changes during pregnancy in order to supply metabolic demands
for both mother and fetus (6). However, the interesting data demonstrated in our study, was the persistency
of some of these physiological changes seen in RV after pregnancy and their relationship with the number of
parity. The situation can be explained by cardiac remodeling which is defined as basic changes in geometry,
wall thickness, size, and ventricular function by means of complex process including a group of molecular,
cellular, and interstitial changes (7-10). Although the exact mechanism of cardiac remodeling is poorly
understood, the renin-angiotensin system (RAS) is a key mediator involved in the pathogenesis of cardiac
remodeling. Activation of RAS is essential for normal pregnancy in order to be able to cope with the increased
demand for salt and water during pregnancy. Many studies have shown that in normal pregnancy there is
an increase in almost all the components of the RAS. Therefore, irreversible changes in RV dimensions can
be seen by means of remodeling related to activation of RAS in pregnancy (11-13). On the other hand,
it should be kept in mind that RAS is activated in pregnancy because of maternal physiological demands
and in healthy pregnancy it does not result in pathologic processes such as intrauterine growth restriction,
preeclampsia etc. This data also can explain why RV dilation and hypertrophy have found in this study
without RV dysfunction which are distinct components of RV remodeling (14-16).
The inflammatory process is also responsible for cardiac remodeling (17). While both pro-inflammatory
and anti-inflammatory markers increase in pregnancy, a prospective study comparing the inflammatory
mediators between late pregnancy and early postpartum, has showed that markers that have predominantly
anti-inflammatory effect were higher in pregnancy (18). In addition, some of the autoimmune diseases such as
rheumatoid arthritis can ameliorate during pregnancy in line with this prospective study. On the other hand,
most of the physiologic changes resolve during the postpartum period in which pro-inflammatory markers are
high. Each pregnancy means exposure of this pro-inflammatory postpartum period that may influence RV
remodeling and this situation can be the reason of our finding about significant relation between number of
parity and RV dilation and RV hypertrophy. Hormonal alterations have important roles in many physiological
changes during pregnancy. Estrogen levels gradually increase and reach highest value in late pregnancy.
Eghbali et al demonsrated the association between estrogen level and pregnancy-related heart hypertrophy
in pregnant rats (19). Indeed this study is very supportive for our finding about association between RV
hypertrophy and parity. Whatever the mechanism of cardiac changes during pregnancy, it is obvious that
dilation and hypertrophy of cardiac chambers are compensatory alterations against increased plasma volume
and cardiac output. Therefore, these changes are necessary for completion of normal pregnancy and the more
pregnancy the woman has, the more she will be exposed to this condition. Thus, association between parity
and structural changes of RV is reasonable.
According to our study the other independent risk factors for RV dilation were smoking, age and BMI.
Indeed, systemic disease especially HT, DM, smoking, increasing age and obesity have negative effect on
cardiac remodeling (20-21). In our study population there were neither resistant HT (HT controlled via [?] 4
antihypertensive drugs) nor complicated DM. This can be the reason why we did not found relation between
such diseases and RV dilation. Smoking has structural and functional cardiac effects related to tremendous
mechanisms such as hemodynamic and neurohormonal changes, oxidative stress, inflammation etc. Although
structural and functional effects of smoking on LV were more studied and well known, in a population-based
cohort study, smoking was found independently related to worse RV outcomes (22). From this aspect, our
study may give a little contribution to literature even though it was not the main purpose of study. Similarly,
obesity has such cardiac alterations either by itself or high incidence of relation with comorbidities such as
coronary artery disease, HT, DM. World Health Organization defines overweight and obesity as a BMI over
25 and BMI over 30 respectively. We did not use this classification in study but increasing BMI itself was
found as independent risk factor for RV dilation. Again, in line with our study, it has shown in many studies
that several structural and functional cardiac alterations are age-related irrespective of comorbidities (23-24).
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Although relation between the number of parity and estimated PAP was found statistically significant, there
was not any value exceeding 35 mmHg. In fact, transthoracic echocardiography is unreliable method for
PAP and overestimates it (25-26). On the other hand, our study may point a linear increase in PAP with
increasing number of parity other than causing clinically important outcomes. RA dimensions were also
found higher in parous women and it was related to the number of parity. Scarcity of studies about RA and
pregnancy makes it difficult to compare, but it can be handled with RV and commentions about RV can be
applied to alterations about RA.
Echocardiography is method of choice for assessment of RV. It is widely available and provides useful information about the right heart chambers (27). We have assessed the right heart especially focusing on RV
via echocardiography and evaluated the long-term effects of parity on RV and its relation of the number of
parities. The studies about the right heart are very few when compared to the left heart and the number
of studies declines when it is applied to pregnancy. What makes this study important is its uniqueness
indicating the parity had long-term effects on RV and this association has increased in a number-related
manner.
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Legends
Fig. 1 Box-plot illustrates the distribution of right ventricular basal dimension stratified by parity category.
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