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Introduction 
 

Small for gestational age (SGA) is defined as having a birth weight below the 10th percentile 

(thus affecting 10% of pregnancies) and predominantly includes growth-restricted fetuses. 

For over 30 years, epidemiological studies1,2 have shown a consistent association between 

SGA and cardiovascular mortality in adults. While the precise mechanisms underlying this 

association are not fully clarified, fetal cardiac remodelling is proposed as a main 

contributor. SGA is associated with cardiac remodelling and dysfunction in fetuses,2,3 

children4,5 and pre-adolescents6. However, the cardiac effects of SGA into adulthood are less 

investigated. Recently, we reported reduced exercise capacity and minor cardiac alterations 

-mainly right ventricular- in a cohort of 81 young adults born SGA7. In that study, statistical 

shape analysis was used to characterize regional structural differences between 

populations, exploiting its ability to treat cardiac geometry as a whole and allow an 

integrated approach when comparing groups8,9. Overall, adults born SGA present statistically 

significant, but subtle, changes in basal cardiac structure and function. Most studies 

evaluated SGA associated remodelling in the general population, while not addressing the 

contribution of potential, or additional, adverse stimuli to the cardiac response in some 

individuals. 

 

Evaluating the effect of stressors is relevant to reveal the long-term effects of in utero 

adverse conditions, particularly in young patients. For instance, Scherrer et al. showed that 

children conceived by assisted reproductive technologies had similar baseline measures but 

remarkable differences in pulmonary pressure when exposed to low environmental 

oxygen10. Likewise, Huckstep et al. showed similar baseline values, but a marked reduction 

of ejection fraction under exercise in young adults born preterm11. Similarly, left ventricular 

structure and function in preterm adults worsens with systolic blood pressure elevation12. 

Epidemiological studies demonstrate that obesity after SGA further increases the risk of 

coronary events, insulin resistance and raised blood pressure13,14. Central obesity is 

recognized as a powerful predictor of obesity-related cardiovascular risk and death15–17. 

However, the effect of central obesity on cardiac remodelling and function in SGA adults has 

not been investigated. 

 

We postulated that adults born SGA could have a differential, and potentially adverse, 

cardiac remodelling response to central obesity as both factors could potentiate each other 

their individual impact on cardiac performance. To test this hypothesis, we applied 

statistical shape analysis to study the interaction between SGA and central obesity, and its 

effect on cardiac structure and function in young adults.  
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Methodology 
 

Study design 

This study represents a sub analysis of an ambispective cohort study including young adults 

(30-40 years old) born SGA (n=80) and controls (n=75) with birth weight within normal 

ranges7. SGA was defined as a birth weight below the 10th centile for gestational age, and 

controls as normal birth weight. Exclusion criteria were neonatal macrosomia, twins, 

congenital malformations, genetic syndromes, major mental disorder, professional sport 

practice or current pregnancy. The study was approved by the local Ethics Committee and 

written consent was obtained for all participants. 

The study protocol included medical history, physical examination, blood pressure, cardiac 

magnetic resonance (CMR) and incremental exercise test as described in the previous study. 

An international questionnaire on physical activity was used18.  Incremental exercise test 

consisted in a cycloergometer (Ergoselect 100, Ergoline) permitting the measurement of 

oxygen uptake and heart rate at peak exercise (range 6-999 watts). Oxygen pulse was 

calculated as oxygen uptake divided by heart rate, and heart rate reserve by subtracting 

basal heart rate from heart rate at peak exercise. Anthropometric measures included 

weight, height, and waist and hip circumferences, were obtained by a trained physician 

blinded to the SGA category. Given the intrinsic relationship between SGA and height, we 

decided to use waist-to-hip log-ratio as a measure of central obesity16,17, instead of BMI or 

waist-to-height ratios. An inelastic tape (Seca®, CA, USA) was used to measure the waist and 

hip circumferences, while the patient maintained the feet together and with the weight 

equally distributed on both feet. Waist circumference was measured horizontally midway 

between the lowest rib and the iliac crest. Hip circumference was measured on the area of 

greatest gluteal circumference. Waist-to-hip ratio was standardized by sex-specific z-score 

(each individual value had its sex-specific mean subtracted and divided by the sex-specific 

standard deviation) and used in a continuous manner. A log-transform was used to obtain a 

normal distribution in ratio-variables.  
 

Cardiac magnetic resonance 

CMR was performed on a 3T scanner (MAGNETOM® Trio Tim™, Siemens Healthineers, 

Germany) using retrospective ECG gating. Contiguous short-axis cine images covering both 

ventricles were acquired using a standard steady-state free-precession sequence (slice 

thickness 8 mm, 2 mm interslice gap) during breath hold. Long-axis cine images of 4-, 3- and 

2-chamber views were also acquired. All images were stored on a digital archive for post 

processing with dedicated software (Argus (Siemens Medical Solutions, Germany) and 

Segment® (Medviso AB, Sweden)).   

 

Shape analysis 

Statistical shape analysis was used to study the regional geometric variability of the 

biventricular surfaces produced by central obesity and SGA. Here we provide a summary, 
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but a complete description of the methodology can be found in 19 and the supplementary 

material S1. First, biventricular surfaces of the LV endo- and epicardium and the RV 

endocardium were derived from each individual’s CMR short axis images, using an 

automated algorithm20. Each surface contained 4446 points in point-to-point 

correspondence, allowing comparison between different individuals. The surfaces were 

previously aligned using a Partial Procrustes Algorithm21, removing the position and 

orientation variability while keeping the size.  Afterwards, we used principal component 

analysis (PCA) to derive the most significant modes of variation explaining 90% of the shape 

variance.  Subsequently, we build a regression model to obtain the relationship between 

cardiac shape and central obesity (see the statistical analysis section). 

 

To visualize and assess the regression model results, synthetic biventricular surfaces 

representatives of different waist-to-hip values were generated. For each waist-to-hip-ratio 

value between -2 and +2 standard deviations (SD), the regression coefficients of the waist-

to-hip were used to construct a biventricular surface corresponding to the mean shape 

associated to that value of waist-to-hip-ratio for controls: representing the continuous 

transition from adequate weight to central obesity. The same process was performed using 

the regression coefficients of the interaction between SGA and waist-to-hip to obtain the 

equivalent surfaces associated with the central obesity cardiac remodelling of SGA. The 

average pointwise different between the SGA and control synthetic representative surfaces 

was computed for each waist-to-hip value to quantify the geometric differences between 

SGA and controls as a function of central obesity. 

 

To quantitatively assess these remodelling patterns, we extracted geometrical 

measurements (LV and RV end-diastolic volumes, LV mass and long-axis dimension, and 

mitral diameter) from this spectrum of synthetic surfaces. For each surface of the SGA and 

control populations, we used the reverted regression model to obtain the waist-to-hip ratio 

expected from the surface, serving as a quantification of the presence of central obesity-

induced remodelling. Associations between this remodelling index and the classical MRI-

based and exercise functional parameters were tested using multivariate regression (MVR). 

More details on the derivation of the synthetic meshes and score are in the supplementary 

material. 

 

Statistical Analysis 
Statistical analysis was performed using Stata IC v14.0 (StataCorp. LP, College Station, TX, 

USA) and Python v3.6 (Anaconda Inc, Austin, TX, USA) and the statistical package 

statsmodels (v0.12.1). Study groups were described using mean (SD), median (interquartile 

range, IQR) or frequencies and compared by Student’s t-test, Wilcoxon-Mann Whitney, chi-

square or Fisher exact tests as appropriate. F-test was used for testing the significance of 

each regression coefficient in MVR, and Wilkis test for MMR. All MVR and MMR models 

were adjusted by sex and age as potential confounders. Benjamini-Hochberg correction for 
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multiple testing was used. Statistical significance was established at 0.05. Multiple 

multivariate regression (MMR) was used to study the relationship between central obesity, 

SGA and cardiac shape. This model included the shape (expressed by its PCA modes, a multi-

dimensional variable) as the dependent variable, and the SGA label, waist-to-hip z-score 

(the main effects), together with the interaction between the two main effects as 

independent variables. 
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Results 
 

Study populations 

Perinatal and adult characteristics of the study populations are shown in Table 1. By design, 

SGA subjects showed lower birth weight and birth weight centile with similar gestational 

age at delivery as compared to controls. SGA cases showed lower height and weight, with 

similar body mass index and waist-to-hip ratio as compared to control subjects. The rates of 

body mass index above 25 was also similar among groups (controls 29 (38.8%) vs SGA 33 

(41.3%)). Both groups presented similar rates of smoking habit, chronic hypertension and 

diabetes mellitus, values of blood pressure and plasmatic concentrations of cholesterol, 

triglycerides and glucose. 

 

Cardiac shape differences between SGA and controls 

Figure 1 displays the subtle ventricular shape differences between non-obese SGA and non-

obese controls, mainly involving the RV (more curved base in SGA). Biventricular shape 

differences became more pronounced between obese SGA and obese controls, with 

significant changes in both ventricles. The right plot at Figure 1 demonstrates an increasing 

biventricular shape differences between SGA and controls with increasing waist-to-hip ratio. 

 

Relationship between waist-to-hip ratio, SGA, and cardiac geometry 

Statistical shape analysis was used to study the relationship between SGA, waist-to-hip-ratio 

(used in a continuous manner) and cardiac geometry. MMR identified the biventricular 

geometric changes associated to increases in waist-to-hip ratio in controls and SGA, which 

are represented in Figure 2 where the predicted geometries at ±2 STD waist-to-hip ratio and 

the color map represents in red the presence of local changes. A continuous transition of 

the biventricular shapes between the two extreme values can be found in the 

Supplementary Video 1. The numerical values among the different variables and covariates 

and the shape PCA modes are depicted in the Supplementary Materials (Table S1). 

The MMR showed significant differences in biventricular shape between the overall 

population of SGA versus controls (smaller ventricular volumes and more curved RV base in 

SGA; F=3.94, p<0.001). Significant differences in biventricular shape were also observed 

according to waist-to-hip ratio (dilatation in the circumferential direction of both volumes 

and mass; F=5.18, p<0.001). In addition, the analysis demonstrated that the interaction term 

between waist-to-hip ratio and SGA status was a statistically significant predictor of cardiac 

shape (F=2.29, p=0.02). Figure 2 and both Supplementary Videos show the biventricular 

shape obese remodelling patterns in controls and SGA individuals shown for the lowest (-

2SD waist-to-hip ratio, non-obese) and the highest (+2SD waist-to-hip ratio, obese) waist-to-

hip ratio. Figure 3 shows the effect of waist-to-hip ratio on left ventricular mass, long axis 

and transverse dimensions, and biventricular end-diastolic volumes measured over the 

synthetic surfaces among SGA and controls. In controls, the obesity cardiac remodelling 

consisted of an increase of the myocardial mass together with a small transverse dilatation 
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of the LV, without an elongation of the long axis. Both obese controls and obese SGA 

showed basal septal hypertrophy (visible as a bulge in the basal septum below the aorta) 

and flattening of the left ventricular lateral wall. Dissimilar to the controls, SGA obese 

remodelling consisted of a shortening of the long axis, with a reduction of the cavity size, 

that was more pronounced in the apex.  

 

Cardiac geometry-function relationship 

For each study participant, we quantified the presence of obesity-remodelling (either the 

pattern specific for controls or to SGA) and expressed it as a score of obesity-remodelling. 

Afterwards, MVR was used to assess the relationship of this obesity-remodelling score with 

functional parameters (Table 2).  At rest, for control participants, indexed left and right 

ventricular stroke volumes, cardiac outputs and heart rate, showed no relation with obesity-

remodelling (p=0.99), suggesting a compensatory adaptation to increased body surface. On 

the contrary, more SGA obesity-remodelling was associated with an increasingly lower left 

stroke index (p<0.001), a tendency to higher heart rate (p=0.07) and preserved cardiac index 

(p=0.13). Both right stroke volume and cardiac index showed a significant lower slope in 

SGA as compared to controls. Both right and left ejection fractions were preserved. 

When analyzing the functional results of the incremental exercise test, a different influence 

of central obesity was also observed in controls and SGA at peak exercise. Independently of 

their waist-to-hip ratio, control participants showed a preserved exercise capacity evaluated 

through peak oxygen consumption, oxygen pulse and heart rate (p=0.77, p=0.97, p=0.33 

respectively). In contrast, SGA obesity-remodelling was associated with gradually lower peak 

oxygen consumption (p<0.001), oxygen pulse (p<0.001) and heart rate reserve (p<0.01) in 

relation to increased waist-to-hip ratio.  

 

Sex, height, and blood pressure subanalyses 

A sex-stratified subanalysis showed similar patterns in the response to central obesity for 

females (F=1.97, p=0.07) and males (F=1.40, p=0.22), while we found no evidence of 

association of neither height nor systolic blood pressure with a differential shape 

remodelling (F=0.88, p=0.53; F=1.38,p=0.21 respectively).  The complete analysis is in the 

Supplementary Material (S3-5). 
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Discussion 
This study shows a unique cardiac response to central obesity, associated to poorer exercise 

performance, in SGA young adults. Thus, providing supporting evidence of central obesity 

potentiating cardiovascular risk in SGA individuals.  
 

SGA associates a unique cardiac adaptation to central obesity 

Our data suggest for the first time a different pattern of remodelling as response to central 

obesity in adults born SGA and controls. Obesity represents an overload for the 

cardiovascular system through increased circulating blood volume and pressure. As 

expected, in non-SGA individuals, central obesity was associated with larger and 

hypertrophic hearts that permits coping with the augmented blood volume, increasing 

stroke volume and preserving performance at exercise. We could also observe basal septal 

hypertrophy (regularly found in subjects with severe hypertension), together with flattening 

of the lateral wall. This data is consistent with previous studies demonstrating myocardial 

hypertrophy and LV cavity enlargement in obese patients22. Our results are also concordant 

with previous data from 3D CMR shape analysis in large cohorts of obese adults without 

known comorbidities. The UK Digital Heart Project described asymmetric concentric 

hypertrophy and cavity dilatation with increasing body fat, with the septum being the most 

sensitive to changes23. In the UK Biobank Study, shape variants characterized by septal 

displacement and apical bulging had robust and strong relationships with obesity24  In the 

Generation R Study, obese children present septo-lateral tilting, compression in the antero-

posterior direction, and decreased eccentricity25. 

 

In contrast, obese adults born SGA show a unique pattern of cardiac remodelling as 

compared to what would be expected in obese individuals according to the previous 

reports, with smaller cavities and preserved ventricular mass, suggesting concentric 

hypertrophy. These differences were observed both in left and right ventricles. This SGA-

obesity remodelling resulted in reduced stroke volume and hampered performance during 

exercise, suggesting that the heart is too small and needs to disproportionally increase heart 

rate to maintain the required cardiac output. Overall, our data suggest that while controls 

efficiently adapt to the increased volume loading, in SGA the response failed to meet 

volume and exercise requirements. The fact that obese-SGA have an early exercise capacity 

impairment may indicate that their reduction in cardiac sizes is not physiologically adaptive 

and could contribute to the previously reported worse cardiovascular outcomes in SGA 

individuals. No previous studies had reported cardiac shape/function in obese adults born 

SGA, but our data is consistent with increased cardiac events and decreased physical 

functioning in individuals born SGA that subsequently get obese 26–28. It is also concordant 

with reduced exercise performance in SGA adults7,29. This is relevant as SGA individuals are a 

well-known group at risk of obesity, diabetes mellitus and metabolic syndrome. While the 

exact mechanism of this association is unclear, the ‘thrifty phenotype hypothesis’ postulates 

that poor nutrition in early life produces permanent changes in glucose-insulin metabolism 
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and predisposes to subsequent obesity. Overall, our results support preventive strategies 

aiming to reduce obesity in individuals born SGA.  

 
Central obesity as a second hit worsening cardiac structure and performance in SGA 

Here, we confirm previous findings suggesting minor changes in cardiac shape and reduced 

exercise capacity in adults born SGA7. Central obesity seems to magnify cardiac differences 

between individuals born SGA and controls. While non-obese adults born SGA show subtle 

changes, mainly in right ventricular shape, the combination of central obesity and SGA 

revealed clear differences both in left and right ventricular shape as compared to obese 

controls. 

This study provides first evidence in humans suggesting an exaggerated effect of central 

obesity in SGA adults. Results are consistent with experimental evidence: in SGA rats, a 

postnatal high-fat diet decreased aerobic cardiac performance and increased myocardial 

susceptibility to ischemia30. Together with previous studies, the findings support the 

hypothesis that SGA could operate as a first hit leading to latent susceptibility, which 

combined with subsequent risk factors -such as central obesity- could accelerate 

progression to cardiac disease. This notion is indirectly supported by previous epidemiologic 

studies. Postnatal excessive weight gain after SGA further increases the risk of coronary 

events, insulin resistance and raised blood pressure26,31,32. Likewise, it negatively affects 

childhood aerobic and neuromuscular fitness33 and physical functioning in older age28. 

Conversely, breastfeeding and healthy-fat dietary intake seem to improve cardiovascular 

outcomes in individuals born SGA or preterm34,35 Future research is needed to further study 

the impact of postnatal risk factors on individuals born SGA. Additional primary preventing 

strategies specifically targeting cardiovascular risk reduction in this population may be 

warranted. 

 

Subanalyses regarding sex, education level, height and blood pressure 

Given the observational design of this study, we acknowledge that several factors may have 

influenced or modified the results. A sex-stratified analysis showed similar results in men 

and women, although we acknowledge that our study was most likely underpowered to 

detect sex-related risk differences. Educational level was significantly different in the control 

and SGA population and therefore it could be considered a potential confounder. However, 

results did not statistically significantly change when adjusted by education. In a similar 

manner, height could also be considered a potential confounder or modifier as SGA adults 

were significantly shorter than controls. Thus, an interaction analysis was performed 

showing no significant effect of height on cardiac shape in relation to waist-to-hip ratio. 

However, given the negative association of the SGA obesity-remodelling with height, it 

cannot be discarded that the found remodelling corresponds to more severe SGA cases, 

since these individuals have a predisposition to develop shorter and more central obesity 

body types, and not a direct interaction between SGA and obesity. Finally, while not 

statistically significant in our cohort, a higher risk for hypertension has been reported in 
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individuals born SGA.14,31 Therefore, we also conducted an interaction analysis failing to 

demonstrate an independent effect of blood pressure on obesity-related remodeling. The 

fact that no link between blood pressure for neither obesity nor shape remodelling could be 

demonstrated might be explained by the low precision of single cuff measurement, the lack 

of data on exercise-induced pressure changes or the fact that we deal with a still 

asymptomatic population. 

 

Strengths and limitations 

This study has some strengths and limitations that merit comment. We studied a well-

phenotyped cohort selected from delivery and evaluated in adulthood. We applied 3D 

shape analysis to the ventricular surfaces extracted from CMR that enabled the detection 

cardiac shape differences among the study populations. While body surface area was not 

included in the analysis intentionally due to its high intrinsic correlation and interplay with 

obesity, comparisons were showing similar results if adjusted (data not shown). As 

limitations, first, it is an observational study which limits the establishment of causal 

relationships and is at risk of confounding. Second, we acknowledge that waist-to-hip ratio 

might not be the optimal surrogate of obesity, however, we considered it to be the best 

measure in the scenario of SGA given its strong intrinsic association with height and weight. 

Third, despite most baseline characteristics were similar among groups, we acknowledge 

that many factors may influence the outcome from birth to adulthood. Finally, given that 

cardiovascular adverse events occur much later in life, we could not establish a direct link 

between the observed remodelling and subsequent cardiovascular risk. The use of a young 

adult cohort avoided the interference of other comorbidities but prevented study of 

associations with cardiovascular events. 

Conclusion  
This study reveals that SGA adults experience, on top of the cardiac changes due to SGA 

itself, a unique cardiac remodelling in response to central obesity, that further limits their 

exercise capacity. This suggests that central obesity potentiates -not additive but a 

synergistic effect- cardiovascular risk in SGA, highlighting the importance of preventive 

measures promoting a healthy lifestyle in this population. Given that SGA affects 10% of live 

births, future studies are warranted to better understand how the heart remodels in 

response to other risk factors and defining preventives strategies to improve cardiovascular 

health of these individuals. 
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FIGURES 

Figure 1. a) Regional differences between the synthetic representative of SGA (grid) and controls (blue-red color map, red 
indicating higher differences between SGA-control) for two different values of waist-to-hip ratio using our MMR model. We 
can see that at a low waist-to-hip (upper row), the two meshes almost overlap, except in a small region near the RV base 
(short-axis view), but more differences appear at higher waist-to-hip ratio (lower row). b) These differences were quantified 
in the plot in the right, where the mean distance between the representative biventricular surfaces of a control and a SGA is 
depicted as a function of the waist-to-hip ratio. It illustrates that, while the point-wise difference is small at low waist-to-hip 
ratio, the difference is much higher as the waist-to-hip ratio increases. 
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Figure 2. Synthetic biventricular surfaces representative of extreme values the waist-to-hip at  +/-2 STD  ( -2STD corresponds 
to a waist-to-hip value of 0.66 displayed  in the solid colormop, +2STD corresponds to a waist-to-hip value of 0.98 displayed  
as a grid) according to our MMR model in adults born Small for Gestational Age (SGA, above) and control patricipants 
(bottom).  The central column represents the isolated LV endocardium for better visualisation. We can see that, in SGA 
(top), a higher waist-to-hip ratio is associated with a  decreases of the LV volume (central view) and RV  (short axis) with 
preserved epicardial contour. In contrast, for controls (lower row), an increase of waist-to-hip ratio is associated with a  
higher LV mass. 
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Figure 3. Continuous changes of ventricular mass, volume and dimensions in the synthetic surfaces representative of 
different values of waist-to-hip ratio for control participants (blue) and adults born Small for Gestational Age (SGA, red). 
Controls have a preserved volumes and long-axis, but have an increasing LV mass with increments of waist-to-hip-ratio; 
while SGA have a preserved ventricular mass and a decrease of ventricular volumes and longitudinal dimension. 
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TABLES 
 

Table 1. Perinatal and current baseline characteristics of the study population. 

 Controls (n=75) SGA (n=80) 

Perinatal characteristics   

Birthweight (g) 3380 (3195-3565) 2585 (2447-2700)* 

Gestational age at delivery (weeks) 40 (39-40) 40 (39-41) 

Birthweight centile 53 (40-66) 1 (1-3)* 

Current baseline characteristics   

Age (years) 34.0 (30.5-36.7) 34.2 (30.1-36.5) 

Female 33 (44) 43 (54) 

White ethnicity 75 (100) 80 (100) 

Previous familiar history of myocardial infarction 11 (14.7) 7 (8.8) 

University education 48 (64) 32 (40)* 

Physically active
a
 16 (21) 16 (20) 

Smoking habit 44 (58.7) 43 (53.8) 

Diabetes mellitus 0 (0) 3 (3.7) 

Chronic hypertension 2 (2.6) 2 (2.5) 

Height (m) 1.72 (1.69-1.77) 1.66 (1.58-1.72)* 

Weight (kg) 73.3 (60.7-84.6) 70 (57.7-79.1) 

Body surface area (m
2
)

b
 1.87 (0.22) 1.78(0.23)* 

Body mass index (kg/m
2
)

c
 24.32 (21.4-26.6) 24.67 (21.7-28.4) 

Waist-to-hip ratio 0.80 (0.73-0.86) 0.82 (0.76-0.86) 

Cholesterol LDL (mg/dL) 110.6 (95.8 -133.05) 110.2 (100.6 – 125.2) 

Triglyceride (mg/dL) 102.0 (70.5 – 148.5) 85.0 (69.5 – 108) 

Glucose (mg/dL) 89.0 (82.0 – 97.0) 88.5 (81.0 – 96.0) 

Systolic blood pressure (mmHg)
d
 118.33 (110.5-128.7) 117.5 (109.4-126.7) 

Diastolic blood pressure (mmHg)
d
 71.33 (66.7-77.7) 72.0 (64.0-80.0) 

Data are median (interquartile range) or number (percentage). 

Abbreviations: SGA, small-for-gestational age; LDL, low-density lipoprotein. 
a
Physical activity was assessed by the International Physical Activity Questionnaire.

18
 

b
Body surface area was calculated by the Haycock formula. 

 

c 
Body mass index calculated as the weight in kilograms divided by height in meters squared. 
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d
Blood pressure was obtained at the beginning of the medical evaluation by a trained nurse while the individual 

was seated after having rested for 5 to 10 minutes. 

*P<0.05 as compared to controls. 
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Table 2. Regression slope of functional parameters at rest and at peak exercise according to waist-to-hip ratio 
change in control participants and adults born Small for Gestational Age (SGA). 

 Controls SGA 

 

Regression 
coefficient 

P-Value
c
 

Regression 
coefficient 

P-Value
c
 

Cardiac function at rest     

Left ventricular stroke index (ml/m
2
)

 a
 0.56 0.99 -5.45 < 0.001 

Left ventricular cardiac index (ml/min/m
2
)

a
 0.04 0.99 -0.12 0.16 

Left ventricular ejection fraction (%) -0.59 0.99 0.65 0.21 

Right ventricular stroke index (ml/m
2
)

a
 0.11 0.99 -5.99 <0.001 

Right ventricular cardiac index (ml/min/m
2
)

a
 0.00 0.99 -0.19 < 0.01 

Right ventricular ejection fraction (%) -1.85 0.21 0.45 0.45 

Heart rate (bpm) -1.86 0.99 4.51 0.07 

Mean blood pressure (mmHg) 2.90 0.13 -0.92 0.54 

Performance at peak exercise     

Oxygen uptake index (ml/min/kg)
 b

 -0.36 0.99 -4.65 < 0.001 

Oxygen pulse index (ml/kg)
b
 0.25 0.99 -22.31 < 0.001 

Heart rate (bpm) -1.97 0.99 -4.20 0.07 

Heart rate reserve (bpm) -0.11 0.99 -8.70 0.009 

Mean blood pressure (mmHg) 3.14 0.27 -2.39 0.37 
a
Left ventricular stroke volume and cardiac output were indexed for body surface area. 

b
Oxygen uptake and pulse were indexed for weight. 

C
P-values adjusted for multiple hypothesis testing. 

 

 

 


