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Abstract: Background: Given the pervasive issues of obesity and diabetes both in Puerto Rico and the broader United States, there is a compelling need to investigate the intricate interplay among body mass index (BMI), pregestational, and gestational maternal diabetes, and their potential impact on the occurrence of congenital heart defects (CHD) during neonatal development. Methods: Using the comprehensive System of Vigilance and Surveillance of Congenital Defects in Puerto Rico, we conducted a focused analysis on neonates diagnosed with CHD between 2016 and 2020. Our assessment encompassed a range of variables, including maternal age, gestational age, BMI, pregestational diabetes, gestational diabetes, hypertension, history of abortion, and presence of preeclampsia. Results: A cohort of 673 patients was included in our study. The average maternal age was 26 years, within a range of 22 to 32 years. The mean gestational age measured 39 weeks, with a median span of 38 to 39 weeks. Of the 673 patients, 274 (41%) mothers gave birth to neonates diagnosed with CHD. Within this group, 22 cases were linked to pre-gestational diabetes, while 202 were not; 20 instances were associated with gestational diabetes, compared to 200 without; and 148 cases exhibited an overweight or obese BMI, whereas 126 displayed a normal BMI. Conclusion: We identified a statistically significant correlation between pre-gestational diabetes mellitus and the occurrence of CHD. However, our analysis did not show a statistically significant association between maternal BMI and the likelihood of CHD. These results may aid in developing effective strategies to prevent and manage CHD in neonates.
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1  Introduction

Congenital heart defects (CHD) can range from mild to severe and can consist of damage to the newborn heart’s walls and/or valves, the arteries, and veins near the heart [1,2]. CHD is one of the most common types of birth defects. It is the most common congenital malformation associated with the highest mortality among them [2,3]. In Puerto Rico, CHD is diagnosed in 9.5 out of 1000 live births [4].

CHD is associated with lifelong comorbidity and increased health service utilization [5]. The cost of utilizing these services will not decrease in the distant future, as the incidence of CHD has not changed, but the overall prevalence has increased [6]. Due to improvements in medical technology, physicians are now aware of several different risk factors that can lead to a child being born with a CHD [5,6]. While non-modifiable risk factors may be present and account for the heritable bases of CHD, genetic etiology was only found in less than 20% of all CHD cases [2,6]. This suggests that modifiable risk factors, in which patients can take measures to change or prevent health outcomes, play a major role in CHD.

Several studies have suggested an association between maternal obesity and increased risk of CHD in the offspring [7–9]. Maternal obesity is linked to various cardiac defects, including septal defects, aortic arch defects, persistent ductus arteriosus, conotruncal defects, and ventricular outflow defects [8]. Moreover, high maternal BMI predisposes women to develop other health risk factors, such as an elevated risk of developing Type 2 diabetes and gestational diabetes [10,11]. Diabetes mellitus is characterized by insufficient insulin production (Type 1) or abnormal insulin response, leading to hyperglycemia (Type 2). Studies have also indicated a potential correlation between pre-gestational diabetes and the risk of congenital health anomalies like CHD [9–11]. In addition, diseases during pregnancy may influence the development and viability of the fetus [12]. Thus, gestational diabetes could also be a risk factor for CHD in the fetus. Fig. 1 presents non-genetic risk factors associated with CHD, as identified in previous studies. These findings suggest a significant association between maternal obesity, diabetes mellitus, and the risk of CHD, warranting further investigation. However, the specific analysis of these factors within the population of Puerto Rico remains limited.
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Figure 1: Risk factors for congenital heart defects (CHDs) from previous studies conducted in different countries [7–9,11,15–32]

Puerto Rico exhibits an unusually high obesity rate, with a prevalence of 41.5% among adults, particularly affecting women compared to men [13]. Additionally, the prevalence of diagnosed diabetes mellitus among adults in Puerto Rico is reported to be 20.1% [14], nearly double the national average in the United States. Consequently, this study aims to investigate the influence of maternal BMI and diabetes before and during pregnancy, along with other non-genetic factors, within a sample of Puerto Rico from 2016 to 2020.

2  Materials and Method

2.1 Study Design and Objective

This study is a cross-sectional study with an observational comparative focus conducted on samples of newborns presenting congenital defects, and how specifically, heart defects have potential associations with maternal pre-existing conditions and pregnancy-related factors, including diabetes and overweight status.

2.2 Study Sample

In our study, convenience sampling was from a secondary database obtained from the Birth Defects Surveillance and Prevention System database of the Puerto Rico Department of Health, which was established in 2008. This surveillance system monitors around 51 different types of congenital disabilities, including CHD. This system collects information from mothers and their newborns with CHD. Data from mothers of the newborns with congenital defects from 2016–2020 were included in this study. The anonymity and confidentiality of all participating mothers and newborns were guaranteed by the Birth Defects Surveillance and Prevention System of the Puerto Rico Department of Health. Participation in this study did not pose significant risks. Informed consent was obtained from the participants through the Puerto Rico Department of Health. The Institutional Review Board of the San Juan Bautista School of Medicine evaluated and granted approval (#EMSJBIRB-7-2021) for the study. We focused on two main groups: mothers of children born with congenital heart defects (CHD) and mothers of children born with other congenital abnormalities (excluding the heart). Other inclusion criteria contained in this study were live births, full-term newborns (≥37 weeks of gestation), newborns in Puerto Rico, and those born with congenital defects. Exclusion criteria included stillbirth, premature infants (<37 week’s gestation), multiple gestation, and newborns not born in Puerto Rico. The criteria for stillbirth, premature infants and multiple gestation were excluded due to their potential inherent impact on the occurrence of congenital defects. The sample size originally received from the surveillance system was 1,286 neonates. Still, during the database cleaning process, we excluded 537 because the record did not include the mother’s height and weight measurement to calculate BMI. Furthermore, 76 neonates were found to have a diagnosis of chromosomal defects and were therefore excluded from our data. Chromosomal defects can have a wide range of effects on various organ systems, including the heart, and by excluding these cases, we minimize the potential for confounding effects on our endpoint of CHD specifically. After applying all the exclusion factors, we obtained a final sample size of 673 mothers with newborns with congenital disabilities. We performed three types of post-hoc tests (1. t tests-Means: Wilcoxon-Mann-Whitney test (two groups); 2. χ² tests-Goodness-of-fit tests: Contingency tables; 3. z tests-Logistic regression) to determine the statistical power of our sample using the G*Power software, version 3.1.9.7 and with a level alpha of 0.05. All of them resulted in enough (>80%) statistical power (1-β err prob = 99%).

2.3 Variable Definitions

The variables of interest chosen from the Surveillance and Prevention System of Congenital Defects database from the Puerto Rico Department of Health for the study were age, gestational age, BMI, pre-gestational diabetes, gestational diabetes, hypertension, abortion, and pre-eclampsia. We chose these variables due to their relevance and association as risk factors in previous studies [7–12,15–17,20–22]. We defined pre-gestational diabetes as diabetes mellitus diagnosed in a woman before pregnancy, encompassing both type 1 and type 2 diabetes. In contrast, gestational diabetes develops during pregnancy in women who did not have diabetes before becoming pregnant. By studying these variables, we gain a comprehensive understanding of the cases present in our participants. The age of each participant was recorded as a continuous variable in years at the time of enrollment. Age was utilized in statistical analysis to control potential gestational age-related CHD. Gestational age was measured as the number of weeks of the participants’ pregnancy state. The body mass index (BMI) was calculated using the standard formula: weight (kg) divided by height (m2). For this study, BMI was categorized as under/normal (≤24.9) or overweight/obese (>24.9) and used as a covariate to account for potential influence on CHD in neonates. Hypertension was defined using the American Heart Association’s standard values of resting systolic blood pressure (SBP) greater than or equal to 130 mmHg and/or diastolic blood pressure (DBP) greater than or equal to 80 mmHg. Participants were classified as having hypertension if diagnosed with high blood pressure prior to pregnancy. We defined Preeclampsia as participants experiencing the onset of hypertension (SBP ≥ 130 mmHg and/or DBP ≥ 80 mmHg) after 20 weeks of gestation. Participants were categorized for abortion based on their history of pregnancy termination. Abortion was defined as participants who had previously undergone termination of pregnancy through spontaneous, medical, or surgical means. By studying these variables, we gain a comprehensive understanding of the cases present in our participants.

2.4 Statistical Analysis

Characteristics of participants were evaluated using frequency distribution and percentages. Missing information was described among study groups, and their percentages were compared to determine whether the groups were similar or not. A difference of over 5 units was considered different for study purposes. Associations among selected characteristics and groups of congenital defects (CHD vs. other congenittal defects) were performed using the chi-square test for categorical variables and the Mann-Whitney test for continuous variables for all complete cases on each variable. Logistic Regression Analysis, with their odds ratio (OR) and 95% Confidence Intervals, was used to determine if maternal BMI and pre-gestational diabetes were associated with the development of CHD in the newborn. Statistical significance was determined with a p-value of <0.05. All analysis was performed using the STATA program (StataCorp. 2022. Stata Statistical Software: Release 17. College Station, TX: StataCorp LLC).

3  Results

From 2016 to 2020, a total of 673 participants with newborns with congenital disabilities from the System of Vigilance and Surveillance of Congenital Defects of Puerto Rico were included in this study. The total cases of participants with CHD infants made up 41% of the original sample size (Fig. 2A). Among these participants, 29% were considered obese, 25% were considered overweight, 40% were normal, and 5% were underweight according to their BMI (Fig. 2B). Among the participants, 6% were considered to have pre-gestational diabetes (Fig. 2C). The mean maternal age of the study population was 26 years, with a median range of 22 to 32 years. The mean gestational age was 39 weeks with a median range of 38–39 weeks. Both mean maternal age and gestational age were consistent across participants with and without CHD neonates (Table 1). The data for each variable was split into two characteristics: YES/NO (Table 1). The characteristic of Yes represented the frequency of cases of neonates that did have CHD which was 274 cases. The characteristic of No represented the frequency of cases that did not have neonates with CHD, which was 399 (these cases represent congenital defects not from the heart).
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Figure 2: Sample of participants and variables analyzed in this study (N = 673). (A) total cases of children with CHD, (B) distribution of BMI in the sample of women, and (C) total cases of maternal pre-gestational diabetes
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BMI level. For BMI, we decided to continue our analysis by combining overweight/obese and normal/underweight. Of the participants, out of the total number of cases, 367 (55%) cases were overweight/obese, and 306 (45%) cases were normal/underweight. Out of the overweight/obese participants, 148 (54%) reported having neonates with CHD, and 219 (55%) participants reported neonates without CHD. Among the normal-weight participants, 126 (46%) reported having neonates with CHD and 180 (45%) of cases reported having neonates without CHD.

Pre-gestational diabetes. For pre-gestational diabetes, 34 (6%) cases reported having pre-gestational diabetes, and 525 (94%) cases reported they did not have pre-gestational diabetes. Among the participants with pregestational diabetes, 22 (10%) cases reported having a neonate with CHD, and 12 (4%) reported neonates without CHD. Among the participants without pregestational diabetes, 202 (90%) reported neonates with CHD and 323 (96%) reported neonates without CHD. Among the 673 participants, a total of 114 (17%) cases with missing values for the pre-gestational diabetes diagnosis, where 50 (18%) were amongst those with CHD and 64 (16%) amongst those without CHD.

Gestational diabetes. For gestational diabetes, of the total volume of participants, 41 (7%) cases reported having gestational diabetes, and 512 (93%) cases reported they did not have gestational diabetes. Among the participants that had gestational diabetes, 20 (9%) had neonates with CHD and 21 (6%) reported neonates without CHD. Among the participants without gestational diabetes, 200 (91%) reported neonates with CHD, and 312 (94%) reported neonates without CHD. Among the total participants (N = 673) a total of 120 (18%) cases had missing information for the gestational diabetes diagnosis, where 54 (20%) were amongst those with CHD and 66 (17%) amongst those without CHD.

Hypertension. For hypertension, of the total number of participants, 38 (8%) cases reported having hypertension, and 463 (92%) participants reported they did not have hypertension. Among the participants with hypertension, 19 (9%) reported having a neonate with CHD, and 19 (6%) reported having neonates without CHD. Among the participants without hypertension, 184 (91%) of participants reported neonates with CHD and 279 (94%) reported having neonates without CHD. Among the total participants (N = 673), a total of 172 (26%) cases had missing information for hypertension diagnosis, where 71 (26%) were among those with CHD and 101 (25%) among those without CHD.

Abortion. For abortion, 160 (24%) participants reported having an abortion, and 495 (76%) reported they did not have an abortion. Among the participants who had an abortion, 65 (24%) participants reported having a neonate with CHD and 95 (25%) reported having neonates without CHD. Among participants without an abortion, 205 (76%) participants reported neonates with CHD, and 290 (75%) reported neonates without CHD. Among the total participants (N = 273), 18 (3%) cases had missing values for abortion, where 4 (1%) were those with CHD and 14 (4%) were among those without CHD.

Preeclampsia. For preeclampsia, 40 (7%) cases reported having preeclampsia, and 506 (93%) cases reported they did not have preeclampsia. Among participants with preeclampsia, 18 (8%) reported having neonates with CHD, and 22 (7%) reported having neonates without CHD. Among the cases without preeclampsia, 199 (92%) reported having neonates with CHD and 307 (93%) reported having neonates without CHD. Among the total participants (N = 673), there were 127 (19%) cases with missing values for preeclampsia, where 57 (21%) were among those with CHD and 70 (18%) among those without CHD.

Missing data was accounted for each characteristic and variable measured (Table 1). These missing values are being distributed almost equally for both groups (with and without CHD) in each variable measured, except for abortion.

Comparison analysis. A Chi-squared test was then performed across all variables measured, with the exception of age, which underwent a Mann-Whitney test. Pregestational diabetes was the only variable determined to have a statistically significant result (p = 0.002).

Logistic Regression analysis. Three logistic regression models, with their OR and 95% Confidence Intervals, were performed for all available cases (without missing values) using the dependent CHD groups and the independent variables of pregestational diabetes and BMI (Table 2). Model 1 represents the “unadjusted” estimates, Model 2 represents the age-adjusted estimates, and Model 3 represents the age, pre-gestational diabetes and BMI adjusted estimates. For Model 3, BMI was only adjusted for age and diabetes diagnosis, while pre-gestational diabetes was only adjusted for age and BMI. Results from these models showed no association between CHD groups and BMI. On the contrary, pre-gestational diabetes showed a significant association with CHD groups. All models behaved similarly (Table 2). Participants with pre-gestational diabetes, had almost 3 times (95% CI (1.431–6.247)) the possibility of having a newborn with CHD compared to participants without pre-gestational diabetes.
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4  Discussion

Our study on the potential associations between CHD and characteristics related to maternal health and pregnancy is of great importance, as it provides valuable insights into the underlying risk factors contributing to CHD occurrence in Puerto Rico. In this study, we examined the relationship between CHD and two key maternal elements: pre-gestational diabetes and BMI, in newborns in Puerto Rico. Our results indicate a significant association between pre-gestational diabetes and the occurrence of CHD in newborns. This finding aligns with previous studies highlighting the role of maternal diabetes as a risk factor for the development of CHD [9–11]. The biochemical mechanistic link between maternal diabetes and CHD development remains complex and multifaceted. It has been proposed that glucose imbalance during early embryogenesis can increase the levels of oxidative stress, leading to structural anomalies in the fetus [33–35]. In a deeper mechanistic context, maternal diabetes prompts vascular abnormalities in the placenta, contributing to persistent fetal hypoglycemia, hypoxemia, hyperinsulinemia, and polycythemia [36]. These imbalances collectively lead to an increase in fetal cardiac mass, hypertrophy of the myocardium, diastolic dysfunction, and a thickened cardiac wall [37]. On the other hand, maternal diabetes may induce epigenetic modifications in the developing fetus. DNA methylation changes, for example, can impact gene expression patterns relevant to heart development [10,38]. In addition, inflammatory mediators and immune dysregulation characteristic of diabetes can negatively impact heart development in fetus [39]. These results emphasize the need for vigilant monitoring and management of maternal diabetes during pregnancy to potentially mitigate the risk of CHD in offspring. Further research is needed to elucidate these mechanisms fully and explore potential targets for intervention and prevention.

Remarkably, our analysis did not reveal a statistically significant association between maternal BMI and the likelihood of CHD. However, this finding is consistent with some previous studies that have reported inconclusive results regarding the impact of maternal BMI on CHD risk [40,41]. On the other hand, a high number of studies in literature have shown associations between high maternal BMI and newborns with CHD [7–9]. However, Gilboa et al. argued that most of them show a weak association between these variables [42]. For example, in a large case-control study conducted by Cedergren et al. on mothers giving birth to infants with CHD, a positive association was found between maternal BMI > 29 kg/m2 in early pregnancy and CHD in their offspring [43]. Although the study notes this possible association, there is a potential undetected type 2 diabetes during the early stages of pregnancy because obese people prompt impaired glucose metabolism [44]. Diabetes and obesity share several phenotypes, which could be transmissible from mother to fetus. This means that an increase in maternal glucose could be responsible for the association of CHD in newborns of obese women, as suggested by others [45]. This implies that pregnant women with high BMI and an unhealthy diet could lead to a great imbalance in glucose levels affecting the fetus. This discussion also opens up the importance of the early days of gestation and how maternal health status can initiate congenital defects. According to this research, the most critical period for fetal defects occurs during days 14–16 after conception, interestingly when the heart structures begin to differentiate.

Futhermore, the origins of CHD are multifactorial. It is important to consider the complexity of CHD etiology, which likely involves a combination of factors. While maternal diabetes may exert a direct effect on cardiac development, the relationship between maternal BMI and CHD could be modulated by intricate interplays with other genetic and environmental factors. Correa and Marcinkevage [46] conducted an extensive meta-analysis focusing on obesity, high maternal BMI, and birth defects. They applied the Bradford-Hill criteria [47] to identify potential causal relationships. The analysis indicates that the degree of uncertainty concerning a causal link between pre-pregnancy obesity and birth defects is considerable for CHD, as it satisfies only two of the seven criteria. In contrast, maternal pre-pregnancy diabetes and CHD appear to fulfill six out of the seven criteria, indicating a weaker level of uncertainty in their potential causality. In agreement with this study, another article designed as a dose-response metanalysis showed that 9 studies reported maternal obesity as a risk factor for CHD, and 10 reported no significant association [48].

The observed association between maternal pre-gestational diabetes and CHD underscores the significance of preconception care for women with diabetes. Healthcare providers may consider intensifying preconception counseling, emphasizing the meticulous management of blood glucose levels before pregnancy. Closer monitoring and tailored interventions during the preconception period could potentially mitigate the risk of CHD in newborns. Women who do not receive prenatal care are five times more likely to experience infant mortality compared to those who have received prenatal care [49]. The lack of prenatal care is particularly pronounced in Puerto Rico due to the current shortage of physicians. Over the last decade, there has been a 46% decrease in practicing physicians, especially specialists like OBGYNs, making it challenging for women to access timely prenatal healthcare [50]. This shortage presents a significant determinant to the overall health of both the mother and the fetus, especially during the first trimester when the occurrence of congenital defects is at a high potential risk. These findings advocate for the integration of targeted public health initiatives aimed at diabetes prevention and management, especially among women of childbearing age. We recommend the development of preconception guidelines for women with diabetes, focusing on optimizing glycemic control and nutritional support to potentially mitigate the risk of CHD in newborns. By integrating these findings into broader healthcare frameworks, we aspire to contribute to proactive strategies that enhance maternal and fetal health outcomes.

4.1 Study Limitations

For this study, we utilized a secondary database obtained from the Birth Defect Surveillance Prevention System database of the Puerto Rico Health Department. We opted for a convenience sampling approach due to data availability. It is important to acknowledge that this choice represents a limitation, as convenience sampling is a non-probability method in which the sample population is not systematically selected, thus lacking equal chances of representation for each subject in the target population [51]. Nevertheless, convenience sampling remains a commonly employed method in clinical research due to its practical applicability and widespread use. Although confounding variables were adjusted to achieve a statistical association between maternal BMI, diabetes, and neonate CHD outcomes, additional confounding variables were not adjusted in this study. Such variables include those that may have affected the intrauterine development of the fetus, such as smoking exposure during pregnancy, alcohol consumption during pregnancy, uncontrolled diabetes mellitus throughout pregnancy, and uncontrolled hypertension throughout pregnancy. Another possible limitation is the exclusion of stillbirths in our study. CHD is one of the most common causes of stillbirths, and we had no data on these mothers who could have strengthened our results. Also, in 114 cases of a total of 673, there are missing values for the diabetes mellitus (pre-gestational diabetes) diagnosis.

5  Conclusion

This study aimed to investigate the impact of pregestational diabetes and maternal BMI on the development of neonatal CHD within the Puerto Rican population. The results from this study provide valuable evidence supporting the link between pregestational diabetes and an elevated risk of CHD in neonates. It underscores the importance of preconception care and managing pregestational diabetes to reduce the likelihood of CHD in infants. These findings establish a groundwork for forthcoming research and could contribute to the formulation of efficient approaches for the prevention and management of congenital heart defects in newborns. Consequently, further research involving diverse populations and exploring additional factors is warranted to gain a more comprehensive understanding of CHD etiology and prevention. Future studies in Puerto Rico should aim to encompass a more diverse and comprehensive array of demographic, socioeconomic, and geographical factors to elucidate potential modifiers and enhance the capturing of population heterogeneity. This expanded scope should consider additional variables, including an assessment of therapeutic and recreational drug use. Moreover, the integration of multi-omics approaches, such as genomics, transcriptomics, and metabolomics, holds promise in advancing our understanding of the molecular mechanisms that underlie the observed associations. This holistic perspective may unveil novel biomarkers and therapeutic targets, thereby paving the way for precision medicine approaches in the prevention and management of CHD.
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Table 2: Logistic regression models of selected maternal characteristics (BMI, and pre-gestational diabetes)
in neonates with CHD (N = 673)

Maternal characteristics Un-adjusted Adjusted
Model 1 Model 2
OR (95% CI) OR (95% CI) OR (95% CI)
BMI
Overweight/Obese 0.965 (0.701 — 1.314)  0.942 (0.686 — 1.294)"  0.880 (0.617 — 1.254)°
Underweight/Normal REFERENCE REFERENCE REFERENCE

Pre-gestational diabetes
Yes 2.932 (1.420 — 6.053)* 2.915 (1.400 — 6.067)"* 2.990 (1.431 — 6.247)%*
No REFERENCE REFERENCE REFERENCE

Note: *The logistic regression model was adjusted by age only. $The logistic regression model was adjusted by age and diabetes
diagnosis. *The logistic regression model was adjusted by age and BMI categories. *Statistically significant (p-value < 0.05).
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Table 1: Characteristics of participants with newborns with congenital disabilities (N = 673)

Characteristic CHD p-value”
Yes No Total
n (%) n (%) n (%)
N =274 N =399 N =673
Age® 0.483
Mean + SD 27.37+6.15 27.10 £6.25 27.21 £6.21
Median (p25; p75) 27 (23; 32) 26 (22; 32) 26 (22; 32)
Gestational age (weeks) 0.616
Mean + SD 38.60 = 1.07 38.56 £ 1.02 38.58 £ 1.04
Median (p25; p75) 39 (38; 39) 39 (38; 39) 39 (38; 39)
BMI 0.823
Overweight/Obese 148 (54.01) 219 (54.89) 367 (54.53)
Under/Normal 126 (45.99) 180 (45.11) 306 (45.47)
Pre-gestational diabetes 0.002*
Yes 22 (9.82) 12 (3.58) 34 (6.08)
No 202 (90.18) 323 (96.42) 525 (93.92)
Missing values 50 (18.25) 64 (16.04) 114 (16.94)
Gestational diabetes 0.221
Yes 20 (9.09) 21 (6.31) 41 (7.41)
No 200 (90.91) 312 (93.69) 512 (92.59)
Missing values 54 (19.71) 66 (16.54) 120 (17.83)
Hypertension 0.216
Yes 19 (9.36) 19 (6.38) 38 (7.58)
No 184 (90.64) 279 (93.62) 463 (92.42)
Missing values 71 (25.91) 101 (25.31) 172 (25.56)
Abortion 0.860
Yes 65 (24.07) 95 (24.68) 160 (24.23)
No 205 (75.93) 290 (75.32) 495 (75.57)
Missing values 4 (1.46) 14 (3.51) 18 (2.67)
Preeclampsia 0.480
Yes 18 (8.29) 22 (6.69) 40 (7.33)
No 199 (91.70) 307 (93.31) 506 (92.67)
Missing values 57 (20.80) 70 (17.54) 127 (18.87)

Note: “The p-values were obtained using the Chi-square test. $The p-values were obtained using the Mann-Whitney test. *Statis-
tically significant (p-value < 0.05).
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