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Introduction

Congenital heart defects (CHD) are among the most 
common types of birth defects. Worldwide, CHD affects 
1.35–1.5 million children each year. More than 90% 
of them reach adulthood due to the developments and 
successes of modern medicine (1). Nevertheless, almost 
all of these patients are chronically ill and suffer from 
residua and sequelae of the underlying cardiac disorder. 
Empirical evidence suggests that a substantial number of 
the affected patients engage in unhealthy lifestyle behaviors, 
such as smoking, physical inactivity and bad nutritional 
habits (2). Furthermore, there is increasing evidence that 
CHD patients have a higher susceptibility to cardiac and 

non-cardiac comorbidities, such as obesity and metabolic 
disorders (2-4). This review elaborates upon the challenging 
constraints and contradictions which increasingly 
accompany CHD patients and complicate their course of 
disease.

Overweight and obesity are among the most significant 
contributors to illness and adverse health outcomes 
including metabolic syndrome, diabetes mellitus and 
cardiovascular disease (5,6). Causes for excess weight in 
adulthood can be traced back to early childhood as a high 
childhood BMI is a predictor for overweight and obesity 
later in life (7). Over the past decades, a considerable 
increase in the prevalence of childhood obesity has been 
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documented worldwide. According to recent statistics 
released by the WHO, the global number of overweight 
or obese children amounted from 32 million in 1990 to  
41 million in 2016 and current trends continue to rise (8).  
This epidemic of obesity is proliferating among the 
population and children with CHD are exhibiting its 
adverse health effects. 

Studies confirm that more than a quarter of CHD 
patients are overweight (9,10). The causes of this situation 
are multi-faceted and complex and the current treatment 
strategies are fractured. Restricted physical activity and 
excessive feeding in early infancy have been identified as 
major causes for excess weight in this population (11). In 
fact, the problem starts with the increased risk of mal- and 
undernutrition in CHD children due to increased metabolic 
rates, malabsorption and other additive effects, such as 
hypoxia and pulmonary hypertension (12). Consequently, 
most treatment strategies prioritize adequate growth and 
weight development by prescribing increased caloric intake 
regardless of the diverse range of cardiac lesion types 
and varying individual medical needs (13,14). Although 
nutritional needs and physical functional capacity change 
after successful surgery and throughout the lifespan, 
inappropriate dietary behaviors and physical inactivity often 
persist across childhood and adolescence among patients 
with CHD (15). The family system frequently exacerbates 
unhealthy behaviors both directly, by excessive feeding 
and restricting sports activities, and indirectly, by setting 
unhealthy role models (16-18). Individual eating behavior 
can be conceptualized as a lifelong learning process which 
is shaped by our social and cultural environment as well 
as personal ingrained habits (19). From this perspective, 
obesity among CHD patients constitutes a multi-factorial 
problem which involves traditional risk factors as well as 
factors inherent to CHD including overprotective parenting 
(OP), poor role modelling and increased psychological 
distress in this given population (15,20).

The present review focuses on the myriad psychosocial 
effects resulting from the diagnosis of CHD and their 
impact on the risk of developing obesity thus exacerbating 
the existing implications and challenges of CHD patients. 
It seeks to identify the numerous unique risk factors of 
developing obesity in CHD patients and provides relevant 
explanations associated with the increasing prevalence of 
obesity among CHD patients. As obesity and overweight 
pose an additional cardiovascular burden to patients with 
CHD, a thorough understanding of the risks for obesity 
in CHD children may have a significant long-term impact 

on their care and preventative measures. Holistic primary 
prevention of excess weight is of utmost importance in the 
growing population of CHD patients. It is suggested that 
healthcare providers need to address weight problems in 
CHD patients in a comprehensive way by approaching the 
issue from diverse angles while still keeping in mind the 
nutritional challenges CHD patients are facing in their 
recovery.

Epidemiology of obesity in CHD patients

The topic of obesity among pediatric and adult CHD 
populations has only recently emerged and prevalence rates 
have rarely been reported. Figure 1 provides prevalence 
rates of obesity and overweight in CHD patients. 

The first cross-sectional study to recognize the epidemic 
of obesity among CHD children was conducted by Pinto  
et al. in a population of 1,523 children with various forms of 
CHD aged 6–19 years from Boston and Philadelphia (21). 
Obesity (BMI ≥95th percentile) and overweight (BMI ≥85–
95th percentile) were classified according to the CDC (US 
Centers for Disease Control and Prevention) guidelines (22). 
The population reflected a large spectrum of heart defects 
and was divided into subgroups according to their severity. 
The combined prevalence of obesity and overweight among 
the cohort was 29% and did not differ from national data 
when compared with the concurrent National Health and 
Nutrition Examination Survey (NHANES). Patients with 
complex CHD had the lowest prevalence of overweight 
and obesity (15.9%) which can be explained by residua, 
sequelae and ongoing complications from the underlying  
CHD (3,23). Secondary effects, such as increased systolic 
blood pressure in obese and overweight patients with CHD, 
were also documented in this study (21).

Another retrospective cross-sectional study estimated the 
overall prevalence of overweight and obesity at 30% among 
a New York cohort of pediatric CHD patients (24). Again, 
prevalence rates for overweight and obesity were similar 
to the healthy population rates for overweight and obesity. 
The authors concluded that CHD children are similarly 
vulnerable to the global obesity epidemic as the general 
population. But they found significant differences based 
on gender and ethnicity with Hispanic ethnicity and male 
gender presenting the highest risk for the development 
of obesity. Furthermore, surgical status was found to have 
an impact on weight as surgical males were twice as likely 
to be obese than their non-surgical counterparts (risk of 
obesity: 24% in postsurgical males vs. 11% in non-surgical 
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counterparts, OR: 2.2). This subgroup of patients may 
particularly benefit from lifestyle interventions, such as 
dietary counseling and physical activity, as a routine part 
of their follow-up care. In line with Pinto et al. (21) the 
prevalence of obesity among complex CHD patients was 
found to be low compared to simple defects (6% in complex 
univentricular heart disease vs. 18% in simple defects) (24).

A more recent study confi rmed that 26.9% of adolescents 
with CHD are affected by excess weight (defi ned as a BMI 
≥85th percentile) (9). Additionally, the authors observed 
modifiable risk factors for ischemic heart disease among 
their CHD patient population, including altered lipid 
profiles (high cholesterol/LDL/triglycerides), sedentary 
lifestyle and a positive family history of obesity. Since 
children with CHD are prone to heart disease issues to 
begin with, addressing diet-related risk factors is particularly 
important in this patient population.

Currently, the number of adults with CHD (ACHD) 
exceeds the number of children with CHD and is expected 
to grow by 5% per year (1). According to Pearson et al., 
obesity is a great concern among ACHD (>18 years of age), 
as 54% of them have a BMI >25 kg/m2 (25). A recent large-
scale study by Lerman et al. confirmed that 59.5% out of 
1,451 ACHD were overweight to morbidly obese (26). 
Their cohort was divided into three age groups, younger 
(19–44 years), middle aged (45–64 years), and senior 

aged patients (>65 years). The frequencies of obesity 
among ACHD did not differ across all age divisions when 
compared with their matched controls. Although there 
is little evidence on how obesity may affect ACHD, it is 
reasonable to believe that obesity will adversely influence 
health outcomes (i.e., heart failure, pulmonary hypertension, 
arrhythmia etc.) in this population.

Etiology of obesity in CHD patients

Obesity in CHD patients is the result of an interplay among 
a complex set of factors which can be divided into micro-level 
and macro-level factors (Figure 2). Micro-level contributions 
are defi ned as the most proximal infl uences on a child with 
CHD, like parenting practices, nutritional education and 
psychological factors (27). Macro-level factors include 
adverse influences by the “obesogenic environment” (28) due 
to urbanization and industrialization. Both components are 
rooted in childhood and affect food choices and lifestyle 
behaviors in CHD patients throughout life. 

Micro-level factors

OP
Parents of children with CHD suffer from stress up to the 
level of traumatization after the diagnosis of CHD (29). 

Figure 1 Prevalence of overweight and obesity in CHD patients. *, Barbiero et al., Pinto et al., Shustak et al. assessed pediatric CHD 
patients according to CDC guidelines (overweight: BMI ≥85–95% percentile, obesity: BMI ≥95% percentile). Lerman et al. assessed ACHD 
according to BMI classifi cations according to the Quetelet Index (overweight: 25 kg/m2 ≤ BMI <30 kg/m2, obesity: BMI ≥30 kg/m2). CHD, 
congenital heart disease.
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Feelings of sadness, depression, or being overwhelmed 
can be a normal part of their coping process with the 
situation and can even lead to “posttraumatic growth” (30). 
Yet, parental difficulties in coping can potentially impact 
caregiving processes (29).

Though parenting of children with CHD may be 
based on the desire for a positive, healthy outcome for 
their children, the parents’ OP behavior can contribute to 
additional CHD complications. The challenge for parents 
is to protect their children adequately but not overprotect 
them. Research on the impact of childhood chronic illness 
indicates that mothers tend to adapt overprotective or 
highly controlling behaviors when it comes to caring for 
a child with CHD (31). Their OP might be driven by bad 
conscience, the urge to protect their vulnerable child or as 
a means of giving love (32). There is compelling evidence 
that maternal protectiveness is associated with higher odds 
for child overweight and obesity (33). In the case of CHD 
children, overprotective parents are more likely to restrict 
physical exercise (16). At the same time, they may feel 
pressured to overfeed their children in order to facilitate 
normal weight and growth development (13). In fact, many 
mothers view their child’s excess weight as an indicator for 
health and safety (34). Thus, feeding becomes more than 
just meeting the child’s physiological needs: food equals 
love, health and being cared for. Overfeeding in childhood 

has been shown to be associated with undesirable nutritional 
outcomes putting children at higher risk for obesity later in 
life (35).

Parental modelling
Another area which requires additional scrutiny in obesity 
prevention in CHD children is based on Social Learning 
Theory (SLT). SLT suggests that our behavior is learned 
through observing and mimicking others (36). SLT plays 
a key role in understanding eating habits as they emerge 
through observational learning and modelling. It is well 
documented that parental attitudes certainly impact a 
child’s eating behavior and eating related attitudes (37). As 
mothers presumably function as nutritional gatekeepers 
regulating the majority of food available at home (38), their 
health and eating behaviors have a direct impact on their 
children’s eating habits and preferences through exposure 
to certain foods and role modelling (39). Hence, caregivers 
can influence unhealthy behaviors by setting unhealthy 
standards themselves. Research indicates that maternal 
overweight and obesity is not only linked to a child’s excess 
weight, but also associated with a significantly higher risk 
for bearing children with CHD (17,18). It can be assumed, 
that CHD children are more likely to have morbidly 
overweight mothers and their eating habits are, therefore, 
tied to these role models. In terms of obesity prevention in 
CHD patients, it is, therefore, crucial to address the parent’s 
diet itself as it is the most important source of information 
and infl uence on their offspring.

Health education
Proper knowledge on nutrition and physical activity is an 
essential part of taking responsibility for one’s own health. 
Research implies that only a minority of CHD patients and 
their parents are educated on appropriate diet, nutrition 
and exercising (40-42). According to Lentzner et al. only 
59% of cardiologists provide patients with counselling 
on weight issues, while nutrition and diet were discussed 
by 63% (41). In another study, mothers of children with 
CHD demonstrated significant shortcomings in their 
understanding of the disease and its implications regarding 
diet and activity restrictions (42). Distorted maternal 
perceptions of CHD, such as “the bigger the infant, the 
healthier”, may lead to inappropriate restrictions and 
child feeding practices which can set the stage for the 
development of overweight or obesity later in life (43). With 
specifi c reference to CHD children, excessive bottle feeding 
in order to increase caloric intake may impact the newborn’s 

Figure 2 Factors associated with obesity in congenital heart 
disease (CHD) patients.
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ability to perceive normal hunger and satiety cues leading to 
disturbed eating attitudes in the long run (44). 

In fact, compared to healthy children, those with 
CHD are more likely to be overweight due to physical 
inactivity (21). Nonetheless, non-educated parents tend to 
promote a sedentary lifestyle for their children as a result 
of overprotection and the uncertainty as to which extent 
and intensity physical exercise is recommended for their 
children (45). In order to lower the risk of future obesity 
and ischemic heart disease, research indicates a compelling 
need for healthcare providers to consistently educate and 
promote healthy lifestyle behaviors in CHD patients in 
order to reduce modifiable cardiovascular risk factors. Time 
constraints, the perceived role as a cardiologist and the 
lack of training in addressing lifestyle recommendations 
have been identified as the most common barriers to health 
education in this patient population (46). It is, therefore, 
essential to establish curricular standards in the field of 
nutrition and physical activity in order to improve patient-
physician communication and education. 

Physicians need to provide a concise exercise regimen 
that fits each patient’s individual purpose in order to 
encourage a physically active lifestyle. Accordingly, Budt 
et al. suggest a personalized exercise prescription tailored 
for each CHD patient via a specific algorithm. It includes 
the patient’s medical history, a physical examination, an 
assessment of five baseline parameters (ventricular function, 
pulmonary artery pressure, aorta, arrhythmia, saturation at 
rest/during exercise), the type and relative intensity of each 
exercise as well as cardiopulmonary testing and follow-up. 
However, due to the heterogeneity of lesions not all patients 
fit the suggested algorithm and future clinical research is 
required to maximize the regimen’s health benefits and 
minimize its cardiovascular risk for CHD patients (45).

Psychological factors
Children with CHD are faced with unique and often 
complex medical and psychological challenges early in  
life (47). A substantial number of CHD patients experience 
significant psychological distress, such as anxiety and 
depression (47-49). Additionally, patients frequently lack 
self-esteem and fail to develop autonomous identities as a 
long-term consequence of OP (50). At the same time, OP is 
reversely associated with higher levels of children's anxiety 
and difficulties in coping with stressful social situations. 
Depression, anxiety and low self-esteem have been identified 
as predictors for an increased risk of obesity (51,52).

Numerous research findings show that exposure to 

chronic stress is associated with overweight and obesity (53).  
Research has identified two possible pathways linking stress 
and obesity (54). These factors are presumably applicable to 
the population of CHD patients. First, chronic stress arising 
from complex psychosocial challenges in CHD patients 
may alter food intake by promoting the consumption of 
energy-dense foods. Second, stress-induced sympathetic 
and neuroendocrine activation contribute to increased 
fat storage within visceral depots, which in turn amplifies 
the risk of cardiovascular risk factors (dyslipidemia, type 
2 diabetes mellitus, metabolic syndrome) (54). To date, 
the psychological situation of ACHD and its relation 
to their health behavior have received little attention. 
Therefore, screening for early detection and management 
of psychological issues may empower patients to make 
wiser decisions in their healthcare and improve long-term 
outcomes.

Macro-level factors

Obesogenic environment
Our ea t ing  pa t terns  a re  s t rongly  in f luenced  by 
environmental characteristics. The term ‘obesogenic 
environment’ refers to the role of environmental factors in 
determining nutrition and physical activity (55). Key factors 
such as food processing, pricing and distribution have led to 
an increased consumption of energy-dense foods. Similarly, 
changes in the built environment and the technology 
have decreased physical activity and energy expenditure. 
These patterns triggered shifts in energy imbalance and 
led to a global obesity epidemic (56). Unfortunately, the 
exact same risk factors have had a significant impact on the 
population of CHD patients as well. A study assessing risk 
factors for atherosclerosis in pediatric patients with CHD 
found that many of them adopted unhealthy diets with low 
fruit and vegetable intake but high consumption of sugar 
sweetened beverages and high-fat foods. In addition, the 
cohort spent a large amount of their time sedentary (57). 
Other findings provide support, that even healthy CHD 
patients after successful surgery showed significantly less 
vigorous physical activity levels than their controls (10,58). 
Consequently, physical inactivity has been shown to be the 
strongest predictor for excess weight at follow-up (58). As 
CHD patients already present a high-risk constellation 
for cardiovascular morbidity and premature mortality, 
preventive cardiac care to protect them from the dangers 
of obesity should be given a prominent role. The NCEP 
(National Cholesterol Education Program) recommends a 
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dual strategy that combines a population approach and an 
individualized approach to lower blood cholesterol levels in 
CHD patients (59).

The importance of nutrition for the CHD 
population: the gut microbiome

The important role that gut microbes contribute in the 
development of cardiovascular disease has recently received 
attention (60-62). Gut microbes represent a filter of our 
greatest environmental exposure which is our nutrition (61). 
Accordingly, dietary intake leads to significant changes in 
the composition of gut microbiota. Previous research has 
particularly focused on trimethylamine N-oxide (TMAO) 
which is generated from choline, lecithine and L-carnitine—
compounds found in dairy products, eggs, fish and red 
meat—by gut microbial metabolism (61). Apparently, there 
is a positive correlation between elevated levels of TMAO 
and an increased risk for adverse cardiovascular events and 
premature death (60). This correlation highlights the role 
of diet and nutrition in the prevention of CHD.

The TMAO pathway is only one out of many diet-
related microbial pathways that can potentially be linked to 
adverse cardiovascular outcomes (61). However, research in 
this area is still insufficient. Preliminary findings in this field 
reveal new, important insights of how nutrition is linked to 
cardiovascular health. Further research is needed to identify 
the distinct microbiotic composition and its implications 
in terms of dietary prevention in the population of CHD 
patients. In this regard, plant-based diets may become 
increasingly recognized due to demonstrated lower levels 
of TMAO in vegetarian/vegan participants compared to 
omnivorous subjects (63).

Conclusions

Due to medical and technological advances, an increasing 
number of children with CHD survives into adulthood. In 
addition to common risk factors for overweight and obesity, 
CHD patients often face unique psychosocial challenges 
(OP, psychological distress, lack of health education) which 
may put them at higher risk for developing disordered 
eating patterns and excess weight. Unhealthy lifestyle habits 
and obesity contribute to the development of additional 
health burdens which may adversely impact the per-se 
fragile cardiovascular condition. 

This paper is the first attempt to put diet, nutrition and 
CHD into context and seek explanations for problematic 

health behaviors in this population. The findings not 
only provide a clearer picture of problematic influences 
on health behaviors among CHD patients, but also help 
to seize possible opportunities in preventive cardiac care. 
Preventive cardiac care should be emphasized in order to 
empower patients to make wise decisions in their healthcare 
particularly when it comes to healthy nutrition and exercise. 
Given the alarming rates of excess weight among CHD 
patients, assessments of diet and physical activity should 
become an integral part of routine care. Since children 
with CHD solely rely on parental guidance, parents need 
to be adequately educated and trained in taking care for 
their cardiopathic child in order to prevent common 
weight misperceptions. In addition to nutritional guidance, 
psychological counselling might be necessary for both, 
parents and patients, to reduce psychological distress and 
facilitate coping with the disease. 
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