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Objective: Many studies have demonstrated that patients with repaired tetralogy of Fallot (rTOF) have generally poorer cardiopulmonary fitness (CPF). However, little is known about how the disease results in different CPF in each sex. Therefore, this study aimed to investigate whether sex (and gender) differences affect CPF in children and adolescents with rTOF.

Methods: This retrospective study recruited adolescents and children (aged 10–18) with rTOF following an acute stage of tetralogy of Fallot (TOF) who received cardiopulmonary exercise testing (CPET) in the past 10 years. CPF was determined by symptom-limited CPET with a treadmill under ramped Bruce protocol. Boys and girls were categorized into groups based on body mass index (BMI) and fat mass index (FMI). The BMI was grouped by Taiwanese obesity cutoff points. The FMI was categorized by the body fat percentage. Excess adiposity was defined as (1) “overweight” and “obese” by BMI and (2) greater than the sex- and age-specific 75th percentile of whole subjects by FMI.

Results: A total of 185 participants (104 boys and 81 girls) with rTOF were recruited for the final analysis. Within the BMI category, 76 boys and 63 girls were in the normal group, whereas 28 boys and 18 girls were in the excessive adiposity group. Within the FMI category, 77 boys and 60 girls were in the normal group, whereas 27 boys and 21 girls were in the excessive adiposity group. The analysis of the body composition of rTOF subjects showed that there was no statistically significant difference between the subgroups of the two sexes, but both showed a smaller body size than normal Taiwanese children. When comparing the CPF within different BMI and FMI groups, the children in the excessive adiposity group had significantly lower values in metabolic equivalents (MET) at anaerobic threshold, peak MET, and measured peak oxygen consumption (VO2) to predicted peak VO2, regardless of sex. Moreover, boys (60.90%) presented poorer CPF than girls (74.22%, p < 0.001).

Conclusion: In Taiwan, patients with rTOF had poorer CPF than healthy peers. This study found that girls with rTOF had better CPF than boys with rTOF. The effect of gender stereotypes on sports participation and self-efficacy might be one of the contributing factors; however, further investigations are warranted to determine the causal effect.
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INTRODUCTION

Tetralogy of Fallot (TOF), the most common form of cyanotic heart condition, accounts for 7–10% of congenital heart disease (CHD) (1) and affects men and women without significant difference (2). Along with the increasing prevalence of global CHD, the recent prevalence of TOF in Asia, for the first time, appears higher than that in Europe and America. This finding also suggests higher genetic or environmental susceptibility relating to CHD among Asians (3). Depending on disease severity, most surgical repairs of TOF take place between 6 months and one year of age (4). With the improvement of surgery and critical care, the survival rate of treated TOF is excellent (25-year survival following TOF repair: 94.5%) (5). In patients with TOF who underwent total cardiac repair, low early mortality rate and high postoperative survival rate were observed after 30 years (6).

Cardiopulmonary fitness (CPF) is defined as the overall capacity of the cardiovascular and respiratory systems to carry out prolonged strenuous exercise. Cardiopulmonary exercise testing (CPET) involves measurements of respiratory oxygen uptake (VO2), carbon dioxide production (VCO2), and ventilatory measures during a symptom-limited exercise test that permits the evaluation of both submaximal and peak exercise responses (7). Several parameters to indicate CPF could be measured during the CPET. For example, the anaerobic threshold (AT) is an index used to estimate exercise capacity; respiratory exchange ratio (RER), the ratio of VCO2/VO2, is an index to determine whether the participant achieves maximal effort during the CPET; peak VO2, a measure that combines cardiovascular and skeletal muscle oxidative function, is valuable in the objective assessment of exercise tolerance (7). Therefore, CPET is considered the gold standard to measure CPF (8). It can be used to prognostically predict cardiac-related hospitalization and death of patients with repaired TOF (rTOF) as it prevents triggering a potential life-threatening myocardial response in patients with CHD (9–11). Studies have observed compromised CPF among rTOF cohorts (8, 12), and better CPF predicts less cardiac-related hospitalization in 2 years after CPET (13).

Globally, the increasing prevalence of obesity, observed not only in the general population but also in patients with rTOF, shows detrimental effects on cardiac and non-cardiac comorbidities, especially in patients with CHD (14, 15). Although body mass index (BMI) is commonly used to determine obesity, it might be poorly correlated with the true percentage of fat mass (%FM) since it reflects both the fat mass (FM) and fat-free mass (FFM) in the body, especially in children and adolescents (16). Studies have also shown that fat mass index (FMI) better classifies body adiposity compared to BMI (17) and %FM (18). According to a study on Taiwanese subjects, overweight/obese children were found to present with poor CPF from the age at which they begin attending preschool, and differences in CPF between boys and girls were also noted (19). The study also found a negative correlation between CPF and high BMI and FMI; however, the FMI correlated more with peak metabolic equivalent (MET) than the BMI (20).

Therefore, this study aims to investigate differences in the relationship of arthrometry-body composition with CPF in children and adolescents with rTOF based on their sex (and gender).



MATERIALS AND METHODS


Subject Characteristics

This retrospective cohort study was conducted at a tertiary medical center in southern Taiwan. We randomly recruited children and adolescents (aged 10 to 18 years) with TOF who underwent regular follow-up at a pediatric cardiology outpatient clinic between February 2012 and February 2021. The inclusion criteria were children with rTOF who (A) underwent the symptom-limited treadmill exercise test under ramped Bruce protocol after the acute stage of TOF (at least 1 year apart from the latest heart operation), (B) completed transthoracic echocardiographic examination, and (C) underwent standard 12-lead electrocardiogram. The exclusion criteria were (a) age under 10 years old when receiving CPET, (b) recent hospitalization due to heart disease or other major diseases (within 3 months before the date of CPET), (c) incomplete CPET due to muscle fatigue, (d) concurrent known pulmonary disease, and (e) patient's refusal to participate. Basic and clinical data were recorded for all participants, including age, sex, weight, height, BMI, and age at repair. This study was conducted in accordance with the Helsinki Declaration. Ethical approval was obtained from the Institutional Review Board of Kaohsiung Veterans General Hospital, Taiwan (approval number: VGHKS17-CT11-11). The whole study adhered to the STROBE checklist.



Anthropometry-Body Composition

Zeus 9.9 PLUS (Jawon Medical Co., Ltd., Kyungsang Bukdo, Korea), a body composition analyzer utilizing the tetrapolar electrode method, was used to analyze the body and fat composition through bioelectrical impedance vector analysis. The analyzer calculated the BMI and FMI with the participant's basic data (sex, age, height, weight, and newly calculated body impedance). The participants were then categorized into four groups (underweight, normal, overweight, and obese) according to the age and gender-specific BMI reference values suggested by the Ministry of Health and Welfare in Taiwan (2019) (21, 22). Excess adiposity was defined by FMI >75th percentile of each sex as recommended by Weber et al. (23).



Cardiopulmonary Exercise Test (CPET)

The MetaLyzer 3B (Cortex Biophysik GmbH Co., Germany) system, which combines a treadmill, a gas analyzer, and an electrocardiographic monitor, was used to measure the patients' CPF and exercise capacity performance. The ramped Bruce protocol was adopted based on the recommendation of the American College of Sports Medicine (ACSM). Throughout the test, the participant's blood pressure, heart rate (HR), respiratory exchange ratio (RER), and min ventilation (VE) were closely monitored. The oxygen consumption (VO2) and carbon dioxide production (VCO2) were measured using the breath-to-breath method (24). The peak VO2 was determined when two of the following three conditions were met: (1) RER > 1.1, (2) HR within 5% of the age-predicted maximum, or (3) the participant is exhausted and refuses to continue despite strong verbal encouragement (25). To measure the peak metabolic equivalents (METs), the peak VO2 level was then divided by 3.5 ml/kg/min. Peak VO2% was defined as the percentage of the measured peak VO2 to the predicted peak VO2 after comparing with the normal standards for cardiopulmonary responses to exercise in Taiwan (26). The anaerobic threshold (AT) was derived via the VE/VO2 and VE/VCO2 methods (27). Informed consent was confirmed and obtained from the parents prior to the test. The test was terminated when participants showed subjective symptoms, expressed their wish to discontinue, or reached the maximal effort as defined by the ACSM (24). All CPET trials were performed under the supervision of an experienced physiatrist (K-LL, who has more than 10 years of experience in CPET) who specialized in CPET.



Statistical Analysis

Based on the statistical G*Power software (version 3.1.9.2 for Windows) and the statistical method used for the study purpose (28), a two-tailed test with 0.8 effect size, alpha of 0.05, and power of 0.80 with equally sized groups yielded a sample size of 52 with 26 participants in each group to detect the effect.

SPSS for Windows version 21.0 (IBM Corp., Armonk, NY, USA) was used for all analyses. Continuous data were presented as mean standard deviation, and categorical variables were presented as absolute numbers or percentages. Before each analysis, normality and homoscedasticity were carefully examined. We first did a 2-way analysis of variance (ANOVA) to test the main effect of sex and body adipose on CPF, and to detect if any interaction between sex and body adipose influenced the parameters of CPF. We did the ANOVA with simple effects via file splitting by sex or body adipose. Since there were only two groups in each variable (sex: boys or girls; body adipose: normal or excessive), if the main effect in 2-way ANOVA was significant, we used an independent t-test for normally distributed variables or the Mann–Whitney U test for non-normally distributed variables to compare parameters of CPF between sexes and subjects from different BMI and FMI groups. A P-value of < 0.05 was considered statistically significant.




RESULTS


Demographic Characteristics

A total of 202 children met the inclusion criteria initially. Among them, seven participants did not have a specific date of the latest heart repair, six participants did not have complete echocardiography data, and four participants had no electrocardiogram data. Eventually, 185 children (104 boys and 81 girls) met the inclusion criteria. Table 1 summarizes the demographic data of all children, presenting a sex-based comparison between the baseline characteristics. We divided our study group according to their body fat, which was quantified by BMI and FMI. As a result, no significant difference was observed between the two groups based on their sex in terms of age (p = 0.851), height (p = 0.081), weight (p = 0.132), and BMI (p = 0.780). Boys had a significantly lower fat mass and FMI and higher fat-free mass index than girls (all p < 0.05). The BMI of the overall combined overweight and obese children was 24.4% and the excess adiposity FMI was 25.95%.


Table 1. Baseline characteristics of patients with repaired tetralogy of fallot aged between 10 and 18 years.
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Comparison of CPF Between Boys and Girls With Various BMIs and FMIs

No significant interaction effects of sex and body adipose defined by BMI [F (1,181) = 0.008–1.633, p = 0.203–0.821] in the CPF parameters (AT MET, AT VO2, peak MET, peak VO2, RER, peak VO2%) were found. Similarly, no significant interaction effects of sex and body adipose defined by FMI [F (1,181) = 0.032–2.899, p = 0.096–0.858] in the CPF parameters were found either. [F (1,181) = 0.032–2.899, p = 0.096–0.858]. The 2-way ANOVA revealed that the main effect of boys was significant [F (1,181) = 6.832–34.499, p < 0.001–0.01] with normal body adipose defined by BMI [F (1,181) = 8.973–12.567, p < 0.001–0.003] and FMI [F (1,181) = 15.240–23.050, all p < 0.001] on parameters of CPF except for RER (Table 2).


Table 2. Two-way ANOVA results on the influence of sex, body adipose, and interaction between sex and body adipose on the cardiopulmonary fitness of patients with repaired tetralogy of fallot.
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All participants were classified into BMI and FMI subgroups. Each of the groups included patients with normal BMI (76 boys and 63 girls) and excessive BMI (28 boys and 18 girls) and patients with normal FMI (77 boys and 60 girls) and excessive FMI (27 boys and 21 girls). Irrespective of the BMI or FMI grouping, the mean peak RER values exceeded 1.1 (p = 0.246 vs. 0.432), suggesting that maximal oxygen exercise efforts were reached. Peak VO2% is a relative value described as a percentage compared with normal peers, in which 100% is normal and at least >80% is desired. We observed that the peak VO2% of both sexes (mean value: 66.73 ± 15.56, boys and girls: 60.90 ± 12.24 vs. 74.22 ± 16.22) was lower than the desired criterion, indicating that both boys and girls had impaired CPF (Tables 3, 4).


Table 3. Comparisons of cardiopulmonary fitness between patients with repaired tetralogy of fallot with normal and excessive body adipose (BMI group).
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Table 4. Comparisons of cardiopulmonary fitness between patients with repaired tetralogy of fallot with normal and excessive body adipose (FMI group).
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Table 3 provides a comparison of the CPF of patients categorized based on their BMI. Traditionally, patients with excessive BMI might have greater measured oxygen consumption at AT VO2 and peak VO2 value, indicating that a greater body weight follows a greater oxygen consumption. In the boys' subgroup, we observed that AT VO2 and peak VO2 values followed the traditional rule (both p < 0.05); however, in the girls' subgroup, no statistically significant differences in AT VO2 and peak VO2 values were found between patients with normal and excessive BMI (both p > 0.05). Moreover, boys with normal BMI had significantly higher peak MET (p = 0.005) and relatively higher AT MET (p = 0.062) than those with excessive adiposity. Surprisingly, in the girls' subgroup, the values of AT MET (p = 0.192) and peak MET (p = 0.115) did not show statistically significant differences.

Table 4 presents a comparison of the AT VO2 and peak VO2 values in patients categorized based on their FMI. The AT VO2 and peak VO2 value in the boys' subgroup showed statistically significant differences between patients with normal adiposity and excessive adiposity (both p < 0.001). The girls' subgroup showed relatively higher AT VO2 (p = 0.083) and peak VO2 (p = 0.060) values in patients with excessive adiposity than those with normal adiposity. As expected, both boys and girls with normal adiposity had higher AT MET and peak MET than those with excessive adiposity (all p < 0.05).



Comparison of CPF Between Sexes With Normal and Excessive Body Adipose

Table 5 provides a comparison of the CPF between girls and boys with various BMIs and FMIs. Boys had a higher AT VO2, peak MET, and peak VO2 than girls (p-values from 0.001 to 0.015) but comparable AT MET. As for the normal BMI and FMI subgroups, boys had higher peak MET and peak VO2 than girls (p-values from < 0.001 to 0.030) but comparable AT VO2 and AT MET. With regard to the excessive BMI and FMI groups, boys had higher AT VO2 and peak VO2 than girls (p-values from 0.004 to 0.041) but comparable AT MET and peak MET. As for the peak VO2%, girls with rTOF presented a higher significant peak VO2% than boys with rTOF regardless of different BMI or FMI subgroups (p-values from < 0.001 to 0.006).


Table 5. Comparisons of cardiopulmonary fitness between sexes with normal and excessive body adipose among patients with repaired tetralogy of fallot.
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DISCUSSION

While offering some novel insights, the findings of this study are consistent with some existing research (8, 12, 29). Although both boys and girls with rTOF who had undergone cardiac surgery presented with reduced CPF in a previous study (29), we found that girls with rTOF had better CPF than boys with rTOF. Apart from surgical selection and developing techniques, we believe that other factors like sports participation and self-efficacy impact CPF. For example, the effect of gender stereotype and caregiver stress might be a determinant for boys with rTOF having poorer CPF than girls with rTOF. However, in this retrospective study, we could not investigate some factors, including the onset age of TOF, TOF severity, age of the participant during the total repair surgery for TOF, surgeon's technique, postoperative condition of the patient, follow-up of cardiac function by cardiac echo, the onset of puberty, or the current status of puberty level of our subjects. Moreover, we could not determine which factor contributed more to the differences in CPF in our patients.

We analyzed the relationship between BMI, FMI, and CPF in Taiwanese children and adolescents with rTOF aged between 10 and 18 years based on their sex. According to a previous study, the prevalence of childhood obesity is generally higher in southern Taiwan than in other regions of Taiwan (30). Our results showed that the percentage of overweight and obese children (boys, 26.9%; girls, 21.1%) was slightly less than that of the national survey in Taiwan (boys, 30.5%; girls, 22.2%) (21, 22). Some studies have indicated that patients with rTOF might have preoperative malnutrition problems and postoperative long-term growth restrictions (31–33). It is reasonable to observe that the percentage of overweight and obesity in our participants was relatively lower than their healthy peers. To better describe obesity in pubertal patients, we also investigated our participants' FMI for a more accurate comparison, as suggested by a previous study (17). In our study, the prevalence of excess body weight defined by FMI (boys, 25.96%; girls, 25.93%) was similar to the prevalence of overweight and obesity defined by BMI (boys, 26.9%; girls, 21.1%). However, we could not perform an accurate analysis of the participants' body size through FMI due to the lack of nationwide FMI data in Taiwan. Therefore, further larger and nationwide studies providing reference to FMI values among Taiwanese children and adolescents are necessary for a more precise comparison.

Previous studies in different countries demonstrated that obese (defined by BMI or FMI) children or adolescents have lower CPF than those with normal body weight (19, 34, 35). Researchers even found a strong negative association between CPF levels and BMI in Chinese and Taiwanese children (36, 37). In our study, we found that in each subgroup of boys and girls with rTOF, obese children had poorer CPF than those with normal body weight. Girls with obesity defined by BMI did not have a statistically significantly poorer CPF than those with normal BMIs. However, the resulting CPF value corresponded with the conclusion obtained in previous studies when we defined obesity through excessive adiposity by FMI (19, 34, 35). To explain this phenomenon, previous studies indicated that FMI tends to play a better role in describing obesity than BMI among pubertal children. Both boys and girls would undergo body fat changes before and after puberty (38, 39). A systematic review and meta-analysis also found that BMI might have low sensitivity and failed to differentiate over 25% of children (aged 4–18 years old) with excessive adiposity (40). Therefore, our results are predictable and correspond with a previous study showing that FMI is better than BMI at identifying adiposity in pubertal children (17). Surprisingly, we observed that girls with rTOF had better CPF than boys. This result could not be attributed to body composition differences between boys and girls with rTOF as no statistically significant differences were observed when comparing weight, height, BMI, BMI category, and excessive adiposity by FMI. Although boys and girls predictably showed impaired CPF (29), it was an accidental consequence that boys showed poorer CPF. Hence, there should be factors in our investigation that led to this result.

Self-efficacy is believed to be reduced in patients experiencing severe diseases, such as acute lymphoblastic leukemia. Previous nationwide studies using questionnaires or interviews discussed how an illness would affect a child and the people that surround him/her (41). These experiences were found to play a big role in affecting self-efficacy toward physical activity (24). Some studies have also reported that patients with heart diseases might be exposed to particular surroundings or environmental factors that greatly influence self-efficacy toward physical activity, such as suggestions from cardiologists, expectations from society, and anxiety of the main caregivers (42–44). In our study, the patients underwent cardiac surgery in their childhood, so it is reasonable for them to have limited physical activity as recommended by their cardiologists. The parents are also more aware of the intensity of physical activity the patient is permitted immediately following cardiac surgery. Furthermore, with regard to the differences in self-efficacy between boys and girls with CHD, the cultural stereotyping of sports participation regarding physical strength and prowess, body image, and opportunities for team support has been found to limit the choices for boys and may therefore contribute to their lower sports-related self-efficacy than girls with CHD. This means that girls with rTOF might show a more vigorous resistance than boys (42, 45, 46). While no significant association is reported between disease type or severity and physical activity or self-efficacy in patients with CHD, sociocultural factors are likely to play a predominant role in children and adolescents with rTOF (47, 48).

This study has certain limitations. Our research was conducted in a single medical center in southern Taiwan; thus, the results might be generalized to specific populations. Furthermore, patients with relatively severely impaired cardiac function who could not endure CPET were excluded from this study. However, the population and composition of patients with rTOF might be affected and even influence the results. We did not record the data from a cardiac image, such as echocardiography and cardiac magnetic resonance imaging. Therefore, we are not sure if there is any difference in the prognostic cardiac image indicators between boys and girls. In addition, this study did not qualitatively analyze physical activity or self-efficacy. Finally, there are insufficient nationwide cross-sectional surveys concerning gender differences in sociocultural issues or gender stereotypes in Taiwan. Future prospective cohort studies should conduct regular CPET after the surgery to evaluate the continuous changes in CPF. In addition, cross-sectional surveys through questionnaires or interviews are needed to determine the physical condition and sociocultural expectations of Taiwanese children and adolescents with rTOF.



CONCLUSION

Girls with rTOF had a better peak VO2% value than boys, suggesting that they have better CPF. No significant difference was found between the BMI categories and excessive adipose tissue by FMI in each sex. Surprisingly, obesity was excluded from the factors leading to various CPF between boys and girls. Therefore, the association between rTOF and self-efficacy in addition to the physical condition and sociocultural expectations may contribute to better CPF in girls with rTOF. More studies are needed to further evaluate the correlations of the above factors.
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CHD, congenital heart disease; TOF, Tetralogy of Fallot; rTOF, repaired Tetralogy of Fallot; CPET, cardiopulmonary exercise testing; CPF, cardiopulmonary fitness; BMI, body mass index; FMI, fat mass index; HR, heart rate; RER, respiratory exchange ratio; VE, min ventilation; VO2, oxygen consumption; VCO2, carbon dioxide production; MET, metabolic equivalent; AT, anaerobic threshold; ACSM, American College of Sports Medicine; Peak VO2% were defined as the percentage of the measured peak VO2 to the predicted peak VO2; AT VO2, measured oxygen consumption at anaerobic threshold.
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BMI, body mass index; U (%), percentage of underweight subjects; N (%), percentage of normal weight subjects; O (%), percentage of overweight subjects; F (%), percentage of fat subjects; FM, fat mass; FMI, fat mass index; FFM,
fat-free mass; FFMI, fat-free mass index; Excess adiposity by FMI, >75th percentile of FIM of each sex as per the suggestion of Weber et al. (23). %Al the comparisons between girs and boys were done by independent t-test except
p-values marked with a, which were analyzed by an independent chi square test for comparison percentage of excess adiposity between girls and boys; *p-value < 0.05.
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ANOVA, analysis of variance; metabolic equivalent at anaerobic threshold; BMI, body
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oxygen consumption during exercise testing; RER, respiratory exchange ratio; peak
V02%, percentage of measured peak oxygen consumption to the predicted value.

*p-value < 0.05.
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