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Introduction 

 

Traditionally a referral for fetal echocardiography is made after an abnormality is 

detected during the fetal anomaly scan between 18-22 weeks gestation. Fetal 

echocardiography is the gold standard modality to detect suspected congenital heart 

disease (CHD). Fetal echocardiography is technically challenging, even for 

experienced practitioners due to the difficulty in visualising small, fast-moving fetal 

hearts, with concurrent fetal movement. Accurate diagnosis and subsequent prognosis 

is even more challenging in the presence of a raised maternal BMI.  

 

In the United Kingdom (UK) maternal body mass index (BMI), kg/m2, is recorded at 

pregnancy booking in the first trimester. Internationally the rate of overweight and 

obese adults is considered a significant public health concern. Overweight is defined as 

a BMI (kg/m2) >25 and obesity>30. 1 The World Health Organisation (WHO) estimates 

that the prevalence of obesity has tripled worldwide between 1975-2016. In 2016, more 

than 1.9 billion adults were classed as over-weight; and of these, 650 million were 

classified as obese. These figures mean that in 2016, 40% of the world’s women were 

overweight and 15% of women were classed as obese.  

 

Published guidance from World Health Organisation (WHO) indicates that a raised 

BMI increases the risk of developing selected noncommunicable diseases for example: 

diabetes; cardiovascular disease; certain cancers and musculoskeletal disease. 2,3,4 
Furthermore, there is increasing evidence that maternal obesity may have a detrimental 

effect upon the developing fetus. 1 This evidence, in conjunction with anecdotal reports 

suggests high maternal BMI, particularly central obesity, reduces diagnostic accuracy 

of fetal echocardiography and is therefore a significant public health concern. 

 

This retrospective study aims to gain insight into the prevalence of obesity within a 

cohort of women referred for fetal echocardiography, examining this data alongside 

trends in BMI and SIMD.  

 

 

 

Methods 

 

Retrospective analysis of all pregnant women referred to the Scottish National Fetal 

Cardiology Service between 2015 and 2021. Retrospective analysis was performed on 

this dataset, which included all women with an abnormal anomaly scan between 18-22 

weeks or pregnancies with a suspicion of CHD at any gestation. Analysis did not 

include all women deemed ‘high risk’ for fetal CHD. 5 This is mainly due to the 

geographical challenges posed by Scotland’s population. Consequently, many of the 

women classified as ‘high risk’ would only have accessed a local obstetric anomaly 

ultrasound, with subsequent referral to the national fetal cardiac service if a cardiac 

abnormality was suspected. 

Electronic dataset BadgerTM and patient case notes were reviewed for the maternal 

booking BMI. Booking BMI was recorded using international classification: normal 

18.5-24.99; overweight >25 and obesity class I-III >30.1 Maternal BMI was then 

compared to levels of deprivation in relation to maternal postcode at booking, using the 

Scottish Index of Multiple Deprivation (SIMD) grade 1-5.6 Statistical analysis included 

chi squared test, Pearson correlations and pairwise tests. 
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Results 

 

1. Maternal BMI  

  

BMI data was available for 962 (96.3%) of the 998 women referred during the study 

period, and who met the study criteria. Median BMI during the study period was 31. 

BMI range in the six-year period was 16-63. There was no association between BMI 

group and year – (chi-squared p=0.889) Table 1. 

  

 2015 2016 2017 2018 2019 2020 2021 All 

Underweight 8 5 3 7 7 6 4 40 

  (%) 5.80 3.14 1.92 4.86 5.51 4.55 3.77 4.16 

Normal 52 60 62 51 54 51 31 361 

  (%) 37.68 37.74 39.74 35.42 42.52 38.64 29.25 37.53 

Overweight (25-29.9) 50 51 48 48 36 44 38 315 

  (%) 36.23 32.08 30.77 33.33 28.35 33.33 35.85 32.74 

Obesity class I (30-34.9) 17 27 23 19 16 17 19 138 

  (%) 12.32 16.98 14.74 13.19 12.6 12.88 17.92 14.35 

Obesity class II (35-39.9) 8 10 15 15 6 8 9 71 

  (%) 5.80 6.29 9.62 10.42 4.72 6.06 8.49 7.38 

Obesity class III (> 40) 3 6 5 4 8 6 5 37 

  (%) 2.17 3.77 3.21 2.78 6.30 4.55 4.72 3.85 

Total 138 159 156 144 127 132 106 962 

         

         

Table 1. BMI Category by Year 

 

A median of 58% of women referred were classified as overweight (BMI >25), and 

only 37% were reported to have a BMI within normal limits. Figure 1.  
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Figure 1. 

 

Referral BMI was relatively consistent in the six years with no dramatic increase in the 

obese categories. Figure 2. 

 

 
 

Figure 2. 

 

Of the 37 women referred with obesity class III, 81% had confirmed evidence of CHD. 

Table 2 reflects the cardiac diagnoses made. 

 

Cardiac Diagnosis Number Detected (%) 

Hypoplastic Left Heart Syndrome 4 (13) 

Ventricular Septal Defects (VSD) 4 (13) 

Tetralogy of Fallot 5 (16) 

Pulmonary Atresia/VSD 1 (3) 

Pulmonary Atresia/IVS 1 (3) 
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Common Arterial Trunk 1(3) 

Atrioventricular Septal Defect 2 (6) 

Interrupted Aortic Arch/VSD 1 (3) 

Other 5 (16) 

Rhythm Abnormalities 4 (13) 

Isolated DAA/RAA 2 (6) 

 

Table 2. Cardiac Diagnoses in Obesity Class III. 

 

IVS, intact ventricular septum; DAA, double aortic arch; RAA, right aortic arch; other 

included isomerism, pericardial effusion, cardiomyopathy 

 

 

   
Underweight % 

Normal 

BMI 

% BMI 

>25 

% 

BMI>30  

% 

BMI>35  

% 

BMI>40  

2015 5.8 37.68 56.0 20.0 5.8 2.1 

2016 3.14 37.74 59.0 27.0 11.9 3.7 

2017 1.92 39.74 58.0 27.6 12.8 3.2 

2018 4.86 35.42 60.0 26.4 13.2 2.8 

2019 5.5 42.5 52.0 23.6 11.0 6.3 

2020 4.6 39 57.0 25 11.29 4.84 

2021 3.77 29.25 67.0 33.33 14.14 5.05 

Alternate table 1. 

 

2. SIMD Coding  

The data did not reflect any variability between the referral patterns from each of the 

SIMD coded areas over the study period. 27-37% of referrals consistently arose from 

areas with a SIMD code 1, indicating the highest levels of deprivation. There was no 

evidence of an association between SIMD and year – (chi-squared p=0.803) Table 3. 

 

 2015 2016 2017 2018 2019 2020 2021 Total 

SIMD 1 43 49 44 41 48 40 38 303 

(%) 30.28 28.99 27.33 28.47 37.21 28.57 33.63 30.36 

SIMD 2 25 40 37 31 28 38 20 219 

  (%) 17.61 23.67 22.98 21.53 21.71 27.14 17.70 21.94 

SIMD 3 29 28 27 26 17 17 17 161 

  (%) 20.42 16.57 16.77 18.06 13.18 12.14 15.04 16.13 

SIMD 4 21 28 25 26 16 27 15 158 

  (%) 14.79 16.57 15.53 18.06 12.40 19.29 13.27 15.83 

SIMD 5 24 24 28 20 20 18 23 157 

  (%) 16.90 14.20 17.39 13.89 15.50 12.86 20.35 15.73 
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Table 3. SIMD by year 

 

 

There was no clear correlation between individual BMI and SIMD: Pearson correlation 

-0.127. However pairwise comparisons with SIMD 1 indicated that the mean BMI in 

SIMD 5, lowest deprivation, was significantly lower than in SIMD 1 (p=0.001), highest 

level of deprivation. Table 4.   

 

 

Difference 

of SIMD 

(2020) 

Levels 

Difference 

of Means 

SE of 

Difference 

Simultaneous 

95% CI T-Value 

Adjusted 

P-Value 

2 – 1 0.197 0.568 (-1.225, 1.618) 0.35 1.000 

3 – 1 0.174 0.630 (-1.401, 1.750) 0.28 1.000 

4 – 1 -1.405 0.631 (-2.984, 0.175) -2.23 0.105 

5 – 1 -2.336 0.623 (-3.895, -0.778) -3.75 0.001 

Individual confidence level = 98.75% 

 

Table 4. SIMD Comparisons 

 

 

 

Discussion 

 

In Scotland obesity rates have plateaued since 2008, but remain some of the highest in 

the developed world. The biggest increase in obesity was reported between 1995-2008, 

but reported statistics have remained relatively stable since. In Scotland 65% of people 

over the age of 16 are classified as overweight and 28% are classified as obese.7  In our 

study greater than 50% of women referred for fetal echocardiography were classified 

as overweight and greater than 20% were classified as obese. Therefore we hypothesise 

our study reflects the general population status of women of child bearing age in 

Scotland. The WHO Global Monitoring Framework for non-communicable diseases 

states that if the worldwide trend in BMI continues to increase in this millennium and 

does not show any degree of slowing, obesity will surpass the number of underweight 

women by 2025.  Estimating that global obesity, in women, will reach 21% worldwide, 

significantly impacting upon those of childbearing age. 4,8 

Deprivation in Scotland is measured by the Scottish Index of Multiple Deprivation 

(SIMD), ranked 1-5, with one representing the highest level of deprivation. 6 This index 

is an area-based measure of relative deprivation and assesses seven fields:  education; 

household income; employment status; crime rates; housing and geographic ability to 

access services. Obesity in Scotland is most prevalent in areas with the highest level of 

deprivation and is particularly evident in the female population, with 37% reportedly 

obese in the most deprived areas and only 21% in the areas of least deprivation.9 Our 

study did not demonstrate a correlation between SIMD and BMI of women of child 

bearing age with an abnormal mid trimester scan. However, the mean BMI was 

significantly lower in the areas with SIMD code 5, compared to SIMD 1, again 

reflecting the Scottish population.  
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A Swedish study examining the socioeconomic status of children from birth-11 years 

of age, in whom a diagnosis of CHD was made, demonstrated an incidence of 2.2 per 

1000 in the most deprived areas, compared to 1.8 in the least deprived areas. 10 In 

addition maternal smoking is reported to be linked to socioeconomic status and levels 

of deprivation.11 In the most deprived areas of Scotland, health visitors reported 26.6% 

of women to be smokers compared to 3.3% of women in areas of least deprivation. 12 

Maternal smoking during pregnancy is known to be potentially detrimental to 

embryogenesis, and in particular one US study demonstrated that 1st trimester maternal 

smoking demonstrated a statistically significant risk for the development of certain 

congenital heart defects. 13,14 

Previous meta-analyses have demonstrated a link between cardiovascular abnormalities 

and extra cardiac abnormalities: neural tube defects, limb anomalies; cleft palate 

anomalies and hydrocephalus and evidence of 1st trimester and pre pregnancy maternal 

obesity. 15 However the development of CHD is a complex, multi-faceted process, and 

it has been suggested that congenital anomalies, including CHD may occur as a result 

of exposure to elevated circulating blood glucose levels during periods of 

embryogenesis. 16,17,18,19,20 Further corroborated by evidence that improvements in 

glycaemic control reduce incidence of intra-uterine death, prematurity and congenital 

anomalies. 21,22,23 Therefore these hypotheses may also suggest that the increased risk 

of congenital anomalies may be linked to undetected maternal type 2 diabetes.24  

Fetal echocardiography aims to detect a significant portion of congenital heart 

conditions, as there is robust published evidence that prenatal detection improves 

postnatal morbidity and mortality attributed to certain cardiac conditions. One of these 

cardiac conditions is transposition of the great arteries (TGA), ventriculo-arterial 

discordance.25 Challenges related to providing diagnostic imaging is well documented 

in the literature, with class III obesity presenting the biggest challenge to diagnostic 

accuracy and reducing the ability to complete the fetal anomaly scan in the second 

trimester. A Swedish study by Persson et al reported the incidence of aortic arch 

abnormalities and TGA to be double in mothers with significant obesity. 26,27 

In summary the impact of socioeconomic status upon the development of congenital 

conditions and fetal cardiac conditions is multifactorial. Obesity is an emerging global 

pandemic, and although a recognised problem within the developed world, the impact 

upon the developing world brings with it considerable, multifaceted health and 

economic burdens.  

 

 

Conclusions 

Although a retrospective study, our cohort encompasses a national population group. 

Further studies are required to investigate potential links between maternal BMI at 

pregnancy booking and other lifestyle factors and physiological parameters which may 

impact upon the incidence of CHD. Women of childbearing age should be aware of the 

impact a raised BMI may have on their own health and the health of the developing 

fetus. In addition, it is important to increase awareness in the general population of the 

limitations that a raised BMI may have upon diagnostic/screening accuracy and the 

ability to provide accurate fetal cardiac diagnoses and prognostic fetal cardiac imaging. 
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