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Contribution 
 
What are the novel findings of this work 
At 35-36 weeks’ gestation, women with GDM, compared to controls, have mild 

impairment in left ventricular systolic and diastolic indices and this impairment 

persists for at least six months after delivery. 

 
What are the clinical implications of this work 
In women who develop GDM further studies are needed to determine whether with 

increasing age and accumulation of cardiovascular risk factors, the cardiovascular 

changes observed during pregnancy and for at least six months after delivery are 

accentuated and contribute to the increased long-term cardiovascular risk of these 

women. 
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ABSTRACT 

 
Background: Women with gestational diabetes mellitus (GDM) are at increased risk 
for adverse cardiovascular outcome later in life. However, it is uncertain whether this 
increased risk is due to cardiovascular changes occurring during pregnancy and 
persisting thereafter or to an adverse underlying cardiovascular risk factor profile. 
Few studies have reported that GDM is associated with reduced systolic and 
diastolic left ventricular function in pregnancy however it remains unknown whether 
these changes persist after delivery. The objective of this study is to compare 
maternal cardiac function and structure in women with GDM and those with 
uncomplicated pregnancy at 35-36 weeks’ gestation and about six months after 
delivery.   
 
Methods: This is a longitudinal study where women with GDM and those with 
uncomplicated pregnancy had detailed cardiovascular assessment at 35-36 weeks’ 
gestation and repeat examination around six months after delivery. In all women, left 
ventricular systolic and diastolic indices were measured and left ventricular mass 
indexed for body surface area was calculated. Cardiac output and peripheral 
vascular resistance were also calculated using echocardiography. Linear mixed 
model analysis accounting for differences in maternal characteristics was carried out 
to compare findings in cardiovascular function between the GDM group and controls 
and within each group at 35-36 weeks’ gestation and at six months after delivery. 
 
Results: We studied 73 women with GDM and 73 controls with uncomplicated 
pregnancies. At 35-36 weeks’ gestation, women with GDM, compared to controls, 
had higher E/e’ ratio and lower E/A ratio and global longitudinal systolic function; 
there were no significant differences between the groups in ejection fraction and 
myocardial performance index. Left ventricular mass indexed for body surface area 
was also increased in GDM women. There were no significant differences between 
the groups in cardiac output and peripheral vascular resistance. At one year after 
delivery, cardiac functional indices improved for both the GDM patients and controls, 
but in the GDM group, compared to controls, there was a lower degree of 
improvement in E/A ratio and global longitudinal systolic function.  
 
Conclusion: In the third trimester, GDM patients have subtle differences in diastolic 
and systolic left ventricular function compared to controls and despite improvement 
after delivery, these changes persist for at least six months. Long term follow up 
therefore is needed to assess whether GDM women are at risk for an accelerated 
decline in their cardiac function and if so whether this trend can be reversed or 
delayed by optimal cardiovascular risk factor modification. 
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INTRODUCTION  
 
The incidence of gestational diabetes mellitus (GDM) is increasing because of 
increasing maternal age and obesity and reduced physical activity1. Although, by 
definition, the glucose intolerance is transient, GDM is associated with both short-
term and long-term adverse health outcomes for both the mother and fetus / child2. 
Women with GDM have up to 70% risk of progressing to type 2 diabetes in the first 
decade after delivery3 and an increased risk for later cardiovascular disease, which is 
not necessarily mediated by development of diabetes4-7.  However, it is difficult to 
decipher whether the transient exposure to hyperglycemia during pregnancy is the 
stimulus for acute cardiovascular changes which persist after delivery and increase 
the long term cardiovascular risk for these women or whether GDM is an early 
subclinical expression of metabolic syndrome and the later cardiovascular risk 
relates not to acute cardiac changes but to an untreated abnormal cardiovascular 
risk factor profile. 
 
Previously, we have demonstrated that women with GDM at 35-36 weeks’ gestation, 
compared to controls, have evidence of subclinical left ventricular dysfunction with 
higher diastolic and lower systolic functional indices8, but it remains unclear whether 
these functional changes persist in the postpartum period. The objective of this study 
is to compare maternal cardiac function and structure in women with GDM and those 
with uncomplicated pregnancy at 35-36 weeks’ gestation and at about six months 
after delivery and assess whether the rate of cardiovascular recovery differs between 
women with GDM and controls.  
.   
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METHODS 
 
Study design and participants 
 
Our study population included women who attended the Harris Birthright Unit for a 
routine ultrasound scan at 35-36 weeks’ gestation for assessment of fetal growth and 
wellbeing and participated in the Advanced Cardiovascular Imaging Study (REC No 
18/NI/0013, IRAS ID:237936). In the current substudy, we have invited women with 
singleton pregnancies who were diagnosed with GDM and an equal number of 
control women who had uncomplicated pregnancies and were assessed 
contemporaneously with the GDM participants for a repeat cardiovascular 
assessment at about 6 months after delivery. We excluded women with prior known 
cardiovascular disease, gestational or pre-existing hypertensive disorder, fetal 
structural defects or chromosomal abnormalities. Women with breast implants  were 
also excluded as these commonly compromise the echocardiographic acoustic 
windows9. All women provided written informed consent to participate in the study.  
 
Maternal characteristics  
 
We recorded information on maternal age, racial origin (White, Black, Asian and 
mixed), method of conception (natural or assisted by in-vitro fertilization or use of 
ovulation drugs), cigarette smoking during pregnancy, medical history, parity (parous 
and nulliparous if there was no previous pregnancy with delivery at ≥24 weeks´ 
gestation). Weight and height were measured at the first hospital visit at 11-13 
weeks’ gestation; 3the wait was also measured at the visit for assessment at 35-36 
weeks and postpartum. Body mass index was calculated. Diagnosis of GDM was 
made by performing the two- step approach recommended by NICE guidelines10. 
 
 
Maternal cardiovascular assessment 
 
Mean arterial pressure was measured, both at the 35-36 weeks’ gestation visit and at 
the postpartum visit, using validated devices and a standardized protocol11. Maternal 
echocardiography was performed using a Canon Aplio i900 scanner (Canon Medical 
Systems Europe BV, ZOETERMEER, The Netherlands). The protocol included 
standard parasternal and apical views as per American Society of Echocardiography 
(EAE/ASE) guidelines12. In all women we measured hemodynamic parameters, 
including cardiac output and peripheral vascular resistance, and detailed systolic and 
diastolic left ventricular assessment as previously described. Left atrial area was 
calculated in end-systole from the four-chamber view. Left ventricular mass was 
calculated with the Devereux formula using measurements of the anatomical M-
mode applied in the parasternal long axis. The mitral peak early (E) and late (A) 
diastolic flow velocities were measured, and the E/A ratio was calculated. Pulsed 
tissue Doppler recordings were obtained at the septal and lateral aspects of basal left 
ventricle at the junction with the mitral valve annulus in the apical four-chamber view. 
The E/e’ ratio was calculated using the mean value between septal and lateral peak 

This article is protected by copyright. All rights reserved.



 
 
 
 

 

e’ waves. Speckle tracking was employed to assess global longitudinal function of 
the left ventricle (Figure 1).  
 
 
 
 
Pregnancy outcomes 
 
Data on pregnancy outcome were collected from hospital delivery records or the 
general medical practitioners. Birth weight for gestational age was converted to a Z-
score based on the Fetal Medicine Foundation fetal and neonatal weight chart13.  
 
Statistical analysis 
 
Normally distributed continuous variables are presented as mean (± standard 
deviation) and variables not following normal distribution as median (25th - 75th 
percentile). Nominal variables are summarized as counts and absolute percentages. 
Distribution of continuous variables was graphically assessed by histograms and 
quantile-quantile plots. Maternal cardiac measurements were compared between 
GDM and controls with the independent samples Student’s T Test or the Mann-
Whitney U Test and the chi-squared test for continuous and categorical variables, 
respectively. General linear regression models were used to assess the association 
between GDM and a range of echocardiographic parameters. In terms of power 
calculation for this study, we estimated that a sample size of 71 women per group 
would provide adequate power (85%) to detect a minimum increase of 0.7 units in 
E/e’ between GDM and controls, assuming an interquartile range of 2 units in both 
groups. The effect size and the measures of dispersion were derived from previously 
published data from our group in a comparable study of women with GDM and 
uncomplicated pregnancies8. The power analysis was based on the non-parametric 
Mann Whitney test and conducted with G* Power 3.1.9.4 
 
To facilitate the comparison of changes in echocardiographic parameters before and 
after pregnancy for the two groups of interest, we used linear mixed models with two 
random effects (random intercept and random slope) and an unstructured variance-
covariance matrix. Maternal cardiac parameters which were used as outcome 
variables included structural markers (left ventricular mass indexed for body surface 
area) and functional parameters (E/A, E/E’, GLS, myocardial performance index) 
which were previously shown to be altered during pregnancy as part of the maternal 
cardiovascular adaptation8. An interaction term [GDM yes/no*visit (pre-versus 
postpartum] was introduced in linear mixed models to evaluate the potential 
differential effect of GDM on changes in cardiac measurements before and after 
delivery. Analysis was further adjusted for a pre-specified set of confounders, 
including maternal age, race, parity, weight, height, mean arterial pressure, heart rate 
and time elapsed from delivery to second visit. To ensure normality of distribution of 
dependent variables in linear mixed models, the analysis was repeated after inverse 
ranking normalisation of maternal cardiac markers14. 
 

This article is protected by copyright. All rights reserved.



 
 
 
 

 

Statistical analysis was conducted with STATA package, version 13.1 (StataCorp, 
College Station, Texas USA). We deemed statistical significance at p <0.05. All tests 
were 2-tailed.  
 

This article is protected by copyright. All rights reserved.



 
 
 
 

 

RESULTS 
 
Study population  
 
The characteristics of the study population of 73 women with GDM and 73 women 
with uncomplicated pregnancies are shown in Table 1. In the GDM group, compared 
to controls, the maternal age and incidence of Black and South Asian racial origin 
were higher, and median gestational age at delivery and birthweight were lower. 
GDM women had reduced weight gain during pregnancy compared to controls, 23 
women were treated by diet alone, 24 by metformin, 10 by insulin and 16 by a 
combination of metformin and insulin. At the visit one year after delivery, GDM 
women had higher weight compared to controls. 
 
Cardiovascular assessment at 35-36 weeks’ gestation 
 
Women with GDM, compared to controls, had higher E/e’ ratio and lower E/A ratio 
and global longitudinal systolic function; there were no significant differences 
between the groups in ejection fraction and myocardial performance index (Table 2). 
Left ventricular mass indexed for body surface area was also increased in GDM 
women (Table 2), but there was no significant difference between the groups after 
multivariable analysis (Table 3). There were no significant differences between the 
groups in cardiac output and peripheral vascular resistance (Table 2). Subgroup 
analysis in women with GDM demonstrated no significant differences in 
cardiovascular indices according to diabetic treatment (Supplementary Table 1). 
 
Cardiovascular assessment six months after delivery 
 
At around six months after delivery, there was improvement in systolic and diastolic 
cardiac indices in both the GDM patients and the controls (Table 2; Figure 2). From 
the left ventricular diastolic indices, E/A was lower whereas E/e’ was similar between 
GDM and controls. There was no significant difference in left atrial volume and left 
ventricular mass indexed for body surface area between the groups. From the left 
ventricular systolic functional indices, global longitudinal systolic function remained 
lower in women with GDM compared to controls. There were no significant 
differences between the groups in cardiac output and peripheral vascular resistance. 
Diabetic treatment did not modify the cardiac indices at around six months after 
delivery (Supplementary Table 2).  
 
In the assessment of change in cardiovascular indices between the prenatal and 
postnatal assessment, in women with GDM, compared to controls, there was a lower 
degree of improvement in E/A and in global longitudinal systolic function (Table 3, 
Figure 1). In women with GDM, the rate of improvement in E/e’ was greater in 
women who received metformin or insulin during pregnancy compared to controls 
(Supplementary Table 3).  
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DISCUSSION  
 
Main findings 
 
In the current study, we performed detailed cardiovascular assessment in women 
with GDM and controls at 35-36 week’s gestation and we followed up these women 
for around six months after delivery. This evaluation allowed us to explore 
differences in cardiovascular adaptations in pregnancy between women with GDM 
and controls but also enabled us to detect persistent cardiovascular alterations 
outside the peripartum period. Consistent with our previous results8, women with 
GDM, compared to women with uncomplicated pregnancy, had reduced left 
ventricular diastolic function and lower left ventricular systolic functional indices at 
35-36 weeks’ gestation. Left ventricular mass was also increased. Although, left 
ventricular remodeling with reduction in systolic and diastolic cardiac indices is 
considered to be a physiological response to increase in volume loading in 
pregnancy15,16, our data suggest that women with GDM despite optimal management 
demonstrate accentuated response to cardiovascular adaptation in pregnancy.  At 
six months after delivery cardiac indices improved in both the women with GDM and 
controls but in the GDM group there was a lower degree of improvement in left 
ventricular myocardial relaxation and in global longitudinal systolic function.  
 
Considering that the reported left ventricular functional changes are subtle, and 
reported values are well within the normal range for non-pregnant adults17, further 
studies are needed to determine whether with increasing age and accumulation of 
cardiovascular risk factors, these cardiovascular changes are accentuated and 
contribute to the increased long-term cardiovascular risk of women that develop 
GDM.  
 
Interpretation of results and comparison with previous studies 
 
Previous studies have shown that although the hyperglycemic phenotype in women 
with GDM resolves with delivery, these women continue to be at increased risk for 
adverse health outcomes18. For instance, history of GDM has been associated with 
increased cardiovascular risk later in life; although this association was initially 
attributed to development of type 2 diabetes18-20, a number of cohort studies and a 
recent meta-analysis suggest that this link exists even in the absence of type 2 
diabetes 18-22. However, it is uncertain whether the reported association between 
GDM and cardiovascular risk is the result of the hyperglycemic insult on the 
cardiovascular system during pregnancy or due to prolonged exposure to an adverse 
cardiovascular risk factor profile, before, during and after pregnancy. Insulin 
resistance, obesity and elevated inflammatory markers have been reported in women 
that developed GDM several years after the index pregnancy and these may 
increase their cardiovascular risk23-25. In the current study, women with GDM were 
older, and were more of Black racial origin. Weight at first visit and at six months 
after delivery was higher in women with GDM compared to controls whereas weight 
gain and birthweight were lower consistent with the optimal management of GDM 
during pregnancy. However, despite optimal glucose management and following 
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adjustment for changes in cardiovascular risk factor profile, we showed that GDM is 
associated with functional alteration on the maternal cardiovascular system during 
pregnancy and persistence of left ventricular functional changes for at least one year 
after delivery.  
 
For healthy women, cardiovascular functional parameters return to pre-pregnancy 
levels few months after delivery. However, in women with GDM cardiovascular 
functional changes may persist long after delivery and may contribute to their 
reported increased long-term cardiovascular risk. Consistent with this, is our finding 
that cardiac functional indices improved in both the GDM and control groups after 
delivery. However, indices of left ventricular relaxation and longitudinal shortening 
function remained lower in women with GDM compared to controls. Our results 
complement data from a small study of 13 women with GDM and 13 controls where 
mild deterioration in left ventricular diastolic indices was noted 8 weeks postpartum in 
women with GDM26. In our study, mitral valve A wave Doppler contraction was higher 
in women with GDM and E/A ratio was reduced both at 35-36 week’s gestation and 
at six months after delivery. Change in A velocity is often age related and reflects 
slowing of myocardial relaxation which predisposes older individuals to the 
development of diastolic heart failure. In the current study, women with GDM were 
older and had higher heart rate compared to controls. However, differences in E/A 
between groups persisted after accounting for differences in maternal characteristics. 
Tissue Doppler indices were comparable between women with GDM and controls 
after delivery. 
 
From left ventricular systolic functional parameters, peak global longitudinal strain 
remained lower in women with GDM at six months after delivery, whereas ejection 
fraction and myocardial performance index were comparable between groups. These 
findings are in agreement with the knowledge that changes in myocardial 
deformation are the first detectable preclinical functional alterations and would be 
consistent with the physiology noted in heart failure patients where ejection fraction is 
preserved in the presence of mild diastolic functional deterioration as noted in our 
population.  
 
History of GDM has also been associated with changes in left ventricular mass. In 
the CARDIAC study27, 64 women with GDM and 545 with uncomplicated pregnancy 
were followed up with echocardiography 5 and 25 years after delivery. At 5 years, no 
significant differences in echocardiographic parameters were noted between women 
with GDM and controls with uncomplicated pregnancy, whereas at 25 years, women 
with history of GDM had increased left ventricular mass. Left ventricular mass index 
was increased in GDM women during pregnancy but this difference normalized in the 
postpartum assessment and this is consistent with the findings of the CARDIAC 
study at first evaluation at 5 years. Our results also suggest that structural left 
ventricular changes reported in women with GDM later in life are unlikely to be 
associated with the acute glycemic insult during pregnancy.   
 
Strengths and limitations 
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This is the first study to perform detailed cardiovascular assessment on GDM and 
healthy women at 35-36 weeks’ gestation with repeat echocardiography at six 
months after delivery. Women with GDM were carefully monitored during pregnancy 
to achieve optimal glucose control and fellows who were trained in echocardiography 
performed all cardiac measurements. Postpartum cardiovascular assessment was 
planned for few months after delivery to minimize the confounding effect of acute 
hemodynamic changes noted in the peripartum period. After delivery women with 
GDM were assessed around three months earlier than the controls and although we 
accounted for this time difference in our analysis, we cannot exclude that this may 
also contribute for the subtle differences between groups. Another limitation of the 
study is that we did not have cardiovascular information before pregnancy or prior to 
development of GDM and it therefore remains unknown whether GDM unmasks a 
women’s pre-existing cardiovascular subclinical abnormality or is actually a mediator 
of future cardiovascular pathogenesis.  
 
Conclusions 
 
In conclusion, our study demonstrates that despite optimal glucose management 
during pregnancy, GDM patients have subtle differences in diastolic and systolic left 
ventricular function compared to controls and despite improvement after delivery, 
these changes persist to at least six months after delivery. Long term follow up 
therefore is needed to assess whether women with GDM are at risk for an 
accelerated decline in their cardiac function and if so whether this trend can be 
reversed or delayed by optimal cardiovascular risk factor modification. 
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Figure legends 
 
Figure 1. Speckle tracking analysis in a woman with GDM (left) and one with 
uncomplicated pregnancy (right) 
The software traces the myocardium of the left ventricle and myocardial deformation 
is shown in the graph. Global longitudinal peak systolic strain in the 4-chamber view 
is calculated. Similar measurements are performed in the 3-chamber and 2-chamber 
view and the average global longitudinal peak strain of the left ventricle is calculated. 
The endiastolic and endsystolic volume and ejection fraction are derived. 
 
 
Figure 2. Cardiac indices in women with GDM and controls at 35-36 weeks' 
gestation and at six months postpartum. All cardiac indices improved after delivery 
however the rate of improvement was lower in GDM patients for E/A ratio and global 
longitudinal systolic function compared to controls. For E/e' ratio, a significant 
decrease was noted in women with GDM at six months after delivery whereas only 
marginal change in E/e' was noted in the controls.  
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Table 1. Characteristics of the study population 
 

 
Values presented as mean (standard deviation) or median (interquartile range). P values are 
derived from the independent samples Student’s t-test or the Mann-Whitney U test and the 
chi-squared test for continuous and categorical variables, respectively.  
Abbreviations: GDM = Gestational diabetes mellitus 
 
  

Variable Controls (n=73) GDM (n=73) P-Value 
Age in years 32.6(4.3) 35.1(5.5) 0.004 
Racial origin    
  White 58 (79.5) 36 (49.3) 0.002 
  Black 7 (9.6) 21 (28.8)  
  Asian 6 (8.2) 13 (17.8)  
  Mixed 2 (2.7) 3 (4.1)  Parous 36 (49.3) 44 (60.3) 0.244 
Conception by IVF 4 (5.5) 6 (8.2) 0.495 
Smoking 1 (1.4) 2 (2.7) 0.500 
Gestation at delivery in weeks 40.1 (39.3, 40.9) 39.3 (38.5, 40.1) <0.001 
Birthweight in g 3540 (3255, 3820) 3385 (3145, 3705) 0.047 
Birthweight (z score) 0.1 (1.2) 0.1(0.9) 0.801 
Height in cm 165.1(7.6) 164.6 (6.2) 0.674 
Weight at 11-13 weeks’ gestation in Kg 76.7 (15.8) 69.2 (12.6) 0.004 
Assessment at 35-36 weeks’ gestation    
  Gestational age in weeks  36.1 (35.8, 36,4) 36.0 (35.7, 36.4) 0.065 
  Weight in Kg 80.9 (12.6) 84.7 (14.5) 0.101 
  Body mass index in Kg/cm2   29.8(4.8) 31.2(5.1) 0.078 
  Mean arterial pressure in mmHg 87.2 (6.6) 88.9 (8.2) 0.172 
  Weight gain in Kg 11 (9.0,14.5) 8.8 (5.1,11.7) <0.001 
Glycosylated hemoglobin in %  5.6(0.5  
Postnatal assessment    
  Interval from delivery in months 11.2 (3.0) 8.1 (3.8) <0.001 
  Weight in Kg 69.2 (14.1 79.5 (16.1) <0.001 
  Body mass index in Kg/cm2   25.5 (5.2) 29.3 (5.8) <0.001 
  Mean arterial pressure in mmHg 84.4 (7.4) 86.1 (11.3) 0.303 
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Table 2. Comparison of maternal cardiac parameters between women with GDM and controls at 35-36 weeks’ gestation and one year postpartum 
 

 
Values presented as median (interquartile range). P-values are derived from the non-parametric Mann-Whitney U test. diabetes mellitus 

Variable Assessment at 35-36 weeks’ gestation Assessment postpartum 
Controls  GDM P-Value Controls GDM P-Value 

Left ventricular diastolic indices       
  E/A 1.4 (1.2,1.7) 1.3 (1.1, 1.5) 0.028 2.1 (1.5, 2.8) 1.5 (1.2, 1.8) <0.001 
  Mitral peak early diastolic flow velocity (E) in cm/sec 77.1 (64.9,86.4) 75.2 (62.4, 87.7) 0.019 83.3 (68.9, 92.4) 75.4 (66.4, 84.2) 0.025 
  Mitral peak late diastolic flow velocity (A) in cm/sec 52.8 (45.9, 59.0) 55.5 (48.3, 72.2) 0.759 39.0 (31.6, 48.1) 50.6 (39.4, 65.3) <0.001 
  E/e’ 5.6 (4.6,6.8) 6.6 (4.9, 7.7) 0.006 5.8 (5.0, 6.5) 5.6 (5.1, 6.9) 0.399 
  Tissue Doppler early diastolic flow velocity (e’) in cm/sec 13.5 (11.8, 15.1) 11.9 (10.5, 13.6) 0.002 14.1 (13.1, 15.3) 12.8 (11.0, 14.9) 0.001 
  Tissue Doppler late diastolic flow velocity (A’) in cm/sec 8.0 (7.2, 9.4) 8.2 (7.1, 9.3) 0.626 7.6 (6.8, 8.6) 7.8 (6.9, 9.4) 0.242 
  Isovolumic contraction time in msec 57 (50, 68) 58 (49, 68) 0.893 67 (58,78)          69 (60,81) 0.647 
  Isovolumic relaxation time in msec 67 (56,83) 75 (58, 91) 0.062 61.0 (47.0, 69.0) 56 (47, 67) 0.062 
  Left atrial volume indexed for body surface area 18.6 (15.6, 22.0) 18.1 (14.9, 22.4) 0.348 19.9 (17.3, 23.9) 19.0 (16.1, 22.3) 0.086 
  Left atrial area in cm2 13.8 (12.0, 15.3) 14.1 (11.7, 16.6) 0.683 14.3 (12.8, 16.4) 14.4 (12.4, 16.2) 0.779 
Left ventricular systolic indices       
  Myocardial performance index 0.5 (0.4, 0.6) 0.5 (0.5, 0.6) 0.025 0.4 (0.4, 0.5) 0.5 (0.4, 0.5) 0.051 
  Tissue Doppler systolic flow velocity (S) in cm/sec 10.2 (9.2, 11.6) 9.7 (8.6, 10.6) 0.006 9.7 (8.7, 10.5) 9.4 (8.6, 10.8) 0.639 
  Global longitudinal systolic function in % -21.7 (-23.8, -19.8) -20.7 (-22.2, -19.3) 0.018 -24.6 (-26.9, -22.6) -22.3 (-24.3, -20.5) <0.001 
  Global circumferential stain in % -29.1 (-31.6, -25.9) -27.8(-31.1,-24.6) 0.210 -30.2(-33.2,-27.5)   -31(-34.1,-26.4) 0.829 
  Ejection fraction in % 60.1 (53.3, 65.6) 59.2 (53.8, 63.4) 0.190 60.9 (54.2, 68.6) 59.2 (53.1, 64.8) 0.219 
Hemodynamic parameters       
  Peripheral vascular resistance in dynes/sec 1292 (1163,1545) 1395 (1151, 1705) 0.286 1323 (1217, 1524) 1344 (995, 1579) 0.336 
  Cardiac output in L/min 5.3 (4.7, 5.9) 5.0 (4.3, 5.9) 0.376 5.1 (4.4, 5.5) 5.1 (4.3, 6.0) 0.292 
Left ventricular structure       
  Left ventricular mass indexed for body surface area 57.1 (51.5, 63.4) 62.7 (55.6, 72.2) 0.003 61.1(54, 68.4)  59.0 (52.7, 65.8) 0.555 
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Abbreviations: GDM = Gestational diabetes mellitus 
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Table 3. Linear mixed model analysis of longitudinal changes in maternal cardiac indices according to GDM status 
 

Variables 

Differences in cardiac indices adjusted for age, height, race, parity, changes in weight, heart rate, mean arterial pressure and time to second visit 
 

Between GDM and controls  
at 35-36 weeks’ gestation (visit 1) 

Between GDM and controls 
at 1 year post delivery (visit 2) 

Controls  
visit 1 and visit 2 

GDM  
visit 1 and visit 2 Interaction [group*time] 

Mean difference 
(95%CI) 

P- 
Value 

Mean difference 
(95%CI) 

P- 
Value 

Mean difference 
(95%CI) 

P- 
Value 

Mean difference 
(95%CI) 

P- 
Value 

Coefficient 
(95%CI) 

P- 
Value 

Left ventricular diastolic indices           
E/A -0.2 (-0.3, -0.05) 0.008 -0.6 (-0.9, -0.3) <0.001 0.6 (0.4, 0.8) <0.001 0.2 (-0.1, 0.4) 0.137 -0.4 (-0.7, -0.1) 0.005 
Mitral peak early diastolic flow velocity (E), cm/sec -0.5 (-5.5, 4.6) 0.861 -4.5 (-9.3, 0.3) 0.066 4.6 (0.2, 8.9) 0.041 0.5 (-3.7, 4.7) 0.818 -4.1 (-9.7, 1.6) 0.159 
Mitral peak late diastolic flow velocity (A) in cm/sec 8.5 (4.1, 12.9) <0.001 13.3 (8.2, 18.5) <0.001 -8.1 (-12.6, -3.6) <0.001 -3.3 (-7.6, 1.1) 0.142 4.9 (-1.1, 10.8) 0.107 
E/e’ 0.7 (0.1, 1.2) 0.020 -0.1 (-0.6, 0.3) 0.556 0.3 ( -0.1, 0.8) 0.143 -0.5 (-0.9, -0.1) 0.026 -0.8 (-1.4, -0.2) 0.006 
Tissue Doppler early diastolic flow velocity (e’), 
cm/sec -1.1 (-1.9, -0.3) 0.007 -0.03 (-1.0, 0.3) 0.321 -0.1 (-0.7, 0.6) 0.837 0.7 (0.1, 1.3) 0.026 0.8 (-0.1, 1.6) 0.070 

Tissue Doppler late diastolic flow velocity (A’), 
cm/sec -0.2 (-0.7, 0.3) 0.469 -0.1 (-0.7, 0.4) 0.701 -0.01 (-0.5, 0.5) 0.970 0.1 (-0.4, 0.5) 0.720 0.1 (-0.5, 0.7) 0.767 

Isovolumic relaxation time, msec 4.5 (-2.1,11) 0.178 -1.0 (-6.1, 4.1) 0.708 -1.1 (-6.8, 4.6) 0.704 -6.6 (-12.1, -1.1) 0.019 -5.5 (-13, 2.0) 0.153 
Isovolumic contraction time, msec -1.1 (-6.1, 4.1) 0.687 -2.6 (-8.1, 2.8) 0.348 -0.7 (-5.8, 4.4) 0.795 -2.2 (-7.2, 2.7) 0.374 -1.6 (-8.3, 5.1) 0.647 
Left atrial volume indexed for body surface area -0.8 (-3.0, 1.4) 0.488 -1.9 (-4.1, 0.2) 0.083 0.7 (-1.2, 2.7) 0.459 -0.4 (-2.3,1.5) 0.691 -1.1 (-3.6, 1.4) 0.385 
Left atrial area, cm2 0.2 (-0.7, 1.1) 0.651 -0.8 (-1.7, 0.1) 0.089 1.4 (0.6, 2.2) <0.001 0.4 (-0.4, 1.1) 0.316 -1.0 (-2.0, 0.03) 0.057 
Left ventricular systolic indices           
Myocardial performance index 0.03 (-0.01, 0.1) 0.132 0.01(-0.02, 0.04) 0.524 -0.1 (-0.1, -0.03) <0.001 -0.1 (-0.1, -0.1) <0.001 -0.02 (-0.1, 0.02) 0.344 
Tissue Doppler systolic flow velocity (S), cm/sec -0.6 (-1.1, -0.02) .0423 0.2(-0.4, 0.7) 0.543 -0.4 (-0.9, 0.1) .0877 0.3 (-0.1, 0.8) 0.175 0.7 (0.1, 1.3) 0.019 
Global longitudinal systolic function, % 1.14 (0.2, 2.0) 0.013 2.0 (1.0, 2.9) <0.001 -1.8 (-2.7, -0.9) <0.001 -0.9 (-1.8, -0.1) 0.035 0.8 (-0.4, 2.0) 0.180 
Global circumferential strain  % 1.2 (-0.4, 2.78) 0.134 0.6 (-1.1, 2.3) 0.464 -1.3 (-2.9, 0.4) 0.143 -1.8 (-3.5, -0.2) 0.033 -0.6 (-2.8,1.7) 0.616 
Ejection fraction, % -1.5 (-3.9, 0.8) 0.207 -1.5 (-3.7, 0.7) 0.183 3.1(1.0, 5.2) 0.003 3.1 (1.1, 5.1) 0.003 0.003 (-2.7,2.7) 0.998 
Hemodynamic parameters           
Peripheral vascular resistance in dynes/sec 56.9 (-50.7, 164) 0.300 22.2 (-79, 123) 0.667 -57.5 (-153, 37.6) 0.236 -92.2 (-184, -0.7) 0.048 -34.6 (-158, 89) 0.583 
Cardiac output in L/min -0.1 (-0.4, 0.3) 0.798 0.1 (-0.3, 0.4) 0.664 0.2 (-0.1, 0.5) 0.258 0.3 (-0.001, 0.6) 0.050 0.1 (-0.3, 0.6) 0.565 
Left ventricular structure           
Left ventricular mass indexed for body surface 
area 2.5 (-2.1, 7.1) 0.285 -0.9 (-4.7, 3.0) 0.649 -3.9 (-7.9, -0.006) 0.050 -7.3 (-11.2, -3.5) <0.001 -3.4 (-8.6, 1.8) 0.200 

 
Abbreviations: GDM = Gestational diabetes mellitus 
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