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IMPORTANCE Fetuses in women with gestational diabetes (GD) compared with those without
GD show evidence of subclinical cardiac functional and morphological changes. However, it is
uncertain whether glycemia or the adverse maternal underlying risk factor profile is the main
driver for fetal cardiac remodeling.

OBJECTIVE To assess cardiac morphology and function at midgestation in fetuses of mothers
prior to development of GD and compare them with those of unaffected controls.

DESIGN, SETTING, AND PARTICIPANTS During this prospective nonintervention screening study
at 19 to 23 weeks’ gestation, fetal cardiac morphology and function were assessed in all
participants. Pregnancy complications were obtained from the medical records of the
women. Fetal cardiac morphology and function were assessed in all participants at Harris
Birthright Research Institute at King’s College Hospital, London, United Kingdom. Participants
included pregnant women with singleton pregnancy who attended their routine fetal
ultrasound examination at midgestation and agreed to participate in the Advanced
Cardiovascular Imaging Study in pregnancy.

MAIN OUTCOME AND MEASURES Comparison of fetal cardiac morphology and function
between mothers who subsequently developed GD and those who did not develop GD.

METHODS This was a prospective nonintervention screening study of 5620 women with
singleton pregnancies at 19 to 23 weeks’ gestation. Conventional and more advanced
echocardiographic modalities, such as speckle tracking, were used to assess fetal cardiac
function in the right and left ventricle. The morphology of the fetal heart was assessed by
calculating the right and left sphericity index.

RESULTS The 5620 included patients had a mean age of 33.6 years. In 470 cases, the women
were diagnosed with GD after the midgestation echocardiographic assessment (8.4%).
Women with GD, compared with the non-GD group, were older, had higher BMI, higher
prevalence of family history of diabetes, non-White ethnicity, chronic hypertension, and GD in
a previous pregnancy. In fetuses of the GD group compared with the non-GD group, there
was mild increase in interventricular millimeter thickness (0.04; 95% CI, 0.03-0.06 mm) and
left atrial area (0.04; 95% CI, 0.04-0.05), whereas left and right functional indices were
comparable between groups with the exception of left ventricular ejection fraction, which
was marginally improved in the GD group (0.02; 95% CI, 0.03-0.03).

CONCLUSIONS AND RELEVANCE This study demonstrates that prior to development of GD,
there was mild alteration in fetal cardiac morphology without affecting cardiac function. This
suggests that the adverse maternal risk factor profile and not only the glycemia might
contribute to cardiac remodeling noted in fetuses of women with GD.
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E pidemiological studies have consistently demon-
strated that exposure to maternal diabetes in utero in-
creases the risk of cardiovascular disease in the off-

spring and cardiovascular changes appear from fetal life and
extend to adolescence and adulthood.1,2 For example, our
group has shown that fetuses of mothers with gestational dia-
betes (GD) have more globular hearts with an increase in right
and left ventricular sphericity index and subclinical systolic
cardiac dysfunction that persists in infancy.2 Other groups have
documented an increase in left ventricular mass and left ven-
tricular wall thickness in fetuses from mothers with diabetes
and, in particular when diabetes was poorly controlled, the car-
diovascular changes persisted in infancy and childhood.3-5

Higher systolic and mean arterial blood pressure has also been
reported in children and adolescents in association with ex-
posure to maternal diabetes and higher rates of premature car-
diovascular heart disease have been shown in offspring of
mothers with diabetes in a 40-year follow-up study in
Denmark.6-8

The mechanisms of programming of cardiovascular al-
terations by maternal diabetes remain speculative.9 It is pos-
sible that exposure to glycemia could lead to increased secre-
tion of fetal insulin, which can have adverse effects on fetal
vascular gene expression and result in vascular and cardiac
changes.10 Inflammatory and oxidative processes may also be
involved to modify both gene expression and the vasculature.11

However, apart from glycemia, offspring of mothers with dia-
betes tend to be at increased risk of in utero exposure to many
other classical cardiovascular risk factors, such as obesity and
higher maternal blood pressure, which are commonly preva-
lent in mothers at risk of developing GD and these may also
contribute to fetal cardiovascular remodeling.12,13 The objec-
tive of this screening study was to assess cardiac morphology
and function in fetuses of mothers prior to development of GD
and compare findings with a group of fetuses whose mothers
did not develop GD, with the aim to determine whether ma-
ternal programming impact on the fetal heart is initiated prior
to clinical development of GD.

Methods
Study Design and Participants
This was a prospective observational study in women attend-
ing a routine hospital visit at 19+1 to 23+3 weeks’ gestation at
King’s College Hospital, London, United Kingdom, between
August 2019 and December 2021. This visit included record-
ing of maternal demographic characteristics and medical his-
tory and maternal echocardiography for assessment of car-
diovascular function. Gestational age was determined by the
measurement of fetal crown-rump length at 11 to 13 weeks or
the fetal head circumference at 19 to 23 weeks.14,15 The women
gave written informed consent to participate in the Ad-
vanced Cardiovascular Imaging Study (REC No. 18/NI/0013,
IRAS ID:237936), which was approved by the National Health
Service Research ethics committee. The reporting of the data
follows Strengthening the Reporting of Observational Stud-
ies in Epidemiology (STROBE) reporting guidelines.

Patient characteristics included maternal age, weight,
height (which were measured at the time of screening), self-
reported race (Black, East Asian, South Asian, White, and mul-
tiracial), method of conception (natural or assisted concep-
tion requiring in vitro fertilization or the use of ovulation
drugs), history of chronic hypertension, diabetes, systemic lu-
pus erythematosus or antiphospholipid syndrome, family his-
tory of diabetes (first- and second-degree relative) and obstet-
ric history including parity (parous or nulliparous if no previous
pregnancies at 24 or more weeks), previous pregnancy with
GD, gestational age at delivery, and birth weight of the neo-
nate in the last pregnancy.

The inclusion criteria for this study were singleton preg-
nancies delivering a nonmalformed liveborn or stillborn.
We excluded pregnancies with aneuploidies and major fetal
abnormalities, including congenital heart defects. We also ex-
cluded pregnancies where diagnosis of GD was made prior to
fetal cardiac screening.

Screening Diagnosis of Gestational Diabetes
The diagnosis of GD in our hospital is based on the results of the
oral glucose tolerance test (OGTT) with administration of 75 g of
glucose; the diagnosis is made if the fasting plasma glucose level
is 5.6 mmol/L or higher and/or the 2-hour plasma glucose level
is 7.8 mmol/L or higher.16 The OGTT is carried out in 3 groups of
women. First, women with any 1 risk factor (BMI higher than 30,
previous birth of macrosomic baby weighing more than 4.5 kg,
previous GD, first-degree relative with diabetes, or persistent glu-
cosuria) are offered measurement of hemoglobin A1C at booking
and if the value is 6.5% or higher, then they have an OGTT, usu-
ally at 12 weeks’ gestation. Second, in all women at 26 to 28
weeks’ gestation, a plasma glucose level is measured 1 to 2 hours
after eating 50 g or more of carbohydrate and if the concentra-
tion is 6.7 mmol/L or higher, then OGTT is carried out. Third, af-
ter 28 weeks’ gestation, OGTT is performed if there is polyhy-
dramnios or the fetus becomes macrosomic.

Fetal Cardiac Functional Analysis
A comprehensive fetal cardiac functional assessment was car-
ried out using Canon Aplio i900 machines with a convex trans-
ducer (i8CX1; Canon Medical Systems Europe BV). Measure-
ments were performed using conventional pulsed wave
Doppler (PW-Doppler) and M-Mode, as well as more ad-
vanced imaging modalities, such as tissue Doppler imaging and

Key Points
Question Is fetal cardiac remodeling evident prior to exposure to
gestational diabetes (GD)?

Findings In this observational study, in pregnancies at risk for
development of GD compared with those that were not, fetal
interventricular thickness and left atrial area at midgestation were
increased by 2.2% and 14%, respectively.

Meaning In this study, prior to development of GD, there was
evidence of fetal cardiac remodeling, suggesting that the adverse
maternal underlying risk factor profile and not only exposure to
glycemia contribute to fetal cardiac changes.
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speckle tracking echocardiography, as previously described.2

Right systolic ventricular function was assessed by measur-
ing tricuspid annular plane systolic excursion and right ven-
tricular global-longitudinal strain using speckle tracking. Left
ventricular systolic function was assessed by calculating myo-
cardial performance index and left ventricular global longitu-
dinal strain (Figure 1). Image acquisition for speckle tracking
analysis was performed in a 4-chamber view at an apex up or
down projection.17 A clip of 3 to 5 seconds with a minimum of
100 frames per second was obtained for each case in accor-
dance with recent guidelines and analysis was carried out using
proprietary software (Vitrea; Canon Medical Systems), as pre-
viously described.17 Peak longitudinal strain for the left ven-
tricle was obtained at the time of the aortic valve closure with-
out obtaining measurements of postsystolic strain. Left
ventricular diastolic function was assessed by calculating E/A
ratio by measuring the mitral valve early (E) and late (A) dia-
stolic filling peak Doppler velocities and E/e′ from tissue
Doppler, as previously described.2

The morphology of the left and right ventricle was as-
sessed in an apical or basal 4-chamber view, and the length and
width of the left and right ventricles were measured in end-
diastole (Figure 2). The sphericity index was calculated by di-
viding base-to-apex length by transverse diameter. The left
atrial area was assessed in end diastole in the 4-chamber view
and interventricular diastolic thickness in the septal view. Fe-
tal cardiac examinations were carried out by 7 trained fetal
medicine fellows (I.H. and L.M.C.) who also performed the
analysis of the Doppler indices. Analysis of speckle tracking
was carried out by 2 operators (I.H. and L.M.C.). Inter- and intra-
analyzer reproducibility for the Doppler indices was assessed
in 20 fetuses. We have previously reported on reproducibil-
ity of speckle tracking analysis.17

Statistical Analysis
Data were expressed as median (IQR) for continuous vari-
ables and number (percentage) for categorical variables. t and
χ2 Tests or Fisher exact test were used for comparing

Figure 1. Fetal Cardiac Function and Structure

A Measurement of left ventricular global longitudinal strain

Longitudinal strain inner/peak systolic

A4C (Area-length)

Longitudinal 
strain inner

Longitudinal strain inner
Time: 418 msec

B Sphericity index

The endocardial borders are traced in the 4-chamber view and the mean peak
longitudinal strain is calculated at the time of the aortic valve closure. The
curves show the segmental deformation analysis and the different colors
provide information about different segments. Additional measurements of end

diastolic volume (EDV), end systolic volume (ESV), and ejection fraction (EF) are
also performed. AL indicates anterior lateral; AS, anterior septal; BS, basal
septal; BL, basal lateral; ES, end systole; GLPS, global longitudinal peak strain;
HR, heart rate; ML, midlateral; MS, midseptal.
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outcome groups for continuous and categorical data,
respectively.

Multiple linear regression models were fitted to each of the
21 cardiac indices with terms for gestational age at measure-
ment, maternal age, weight, height, race, heart rate, method
of conception, diabetes, history of GD, history of chronic hy-
pertension, systemic lupus erythematosus or antiphospho-
lipid syndrome, and GD. These terms were prespecified on the
basis of exploratory analysis and previous publication.18,19 His-
tograms were used to identify suitable transformations where
appropriate and backward elimination was used for model
selection.

These regression models were first used to assess the as-
sociation between gestational age, maternal characteristics, and
medical history of GD and preeclampsia, and each of the car-
diac markers. Second, the partial residuals from the fitted mod-
els, after excluding the contribution of GD and preeclampsia,
comprised either the deviations from the median (δ) or the
log10 multiple of the median (MoM) values, depending on the
transformation of the cardiac outcome variable in the origi-
nal model fitting.20,21 Standardizing the indices into δ or MoMs
allows us to observe the contribution of GD to each of the in-
dices over and above gestational age and maternal character-
istics and medical history. Median δ or MoMs with 95% CIs by
GD status were calculated and compared. As this was an

exploratory observational study, no adjustments for multiple
comparisons were made. The statistical software package R ver-
sion 4.1.2 (The R Project) was used for all data analyses.22

Results
Study Population
The study population of 5620 women with singleton pregnan-
cies included 470 patients who were diagnosed with GD after
the midgestation echocardiographic studies (8.4%). The GD
group, compared with the non-GD group, had higher mean ma-
ternal age (33.9; 95% CI, 30.5-37.4) and BMI (28.2; 95% CI, 25.2-
32.8) and a higher proportion of family history of diabetes (107
patients [11.3%]); Black (94 patients [20.0%]), East Asian (30
patients [6.4%]), and South Asian women (45 patients [9.6%]),
chronic hypertension (19 patients [4.0%]); and GD in a previ-
ous pregnancy (41 patients [8.7%]) (Table 1). In women with
GD, 237 (50%) were treated with insulin and/or metformin,
while the remaining were treated with diet alone.

Maternal Characteristics and Fetal Cardiac Changes
in the GD and Non-GD Groups
In fetuses of women with GD compared with the non-GD
group, interventricular thickness and left atrial area were

Figure 2. Sphericity Index

Distribution A   6.1 mm
Distribution B   13.8 mm
Distribution C   7.2 mm
Distribution D   15.8 mm

The length and the width of each ventricle was calculated in end diastole and sphericity index is calculated as base-to-apex length by transverse diameter.
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increased (Figure 3), whereas functional indices were com-
parable between groups with the exception of left ventricu-
lar ejection fraction, which was marginally increased in the
GD group (Table 2). Maternal weight was significantly asso-
ciated with right ventricular sphericity index and global
myocardial functional index of myocardial performance
index, as well as the more sensitive systolic cardiac markers
of left ventricular global longitudinal systolic strain (eTable

in Supplement 1). Maternal age, in vitro fertilization, and
blood pressure were also associated with fetal cardiac mor-
phological and functional indices (eTable in Supplement 1).
Fetuses of mothers with GD who developed more severe
disease, as shown by the use of pharmacological treatment,
ie, insulin or metformin, had no significant differences in
fetal cardiac structural or functional changes compared with
fetuses of mothers with GD treated with diet alone (Table 2).

Table 1. Maternal and Pregnancy Characteristics of the Study Population

Characteristic
Unaffected by GD
(n = 5150)

GD
(n = 470) P value

Maternal age, mean, y (95% CI) 33.2 (30.1-36.2) 33.9 (30.5-37.4) .001

Maternal weight, mean, kg (95% CI) 70.1 (63.2-79.0) 76.8 (67.0-88.9) <.001

Maternal height, mean, cm (95% CI) 166 (162.0-170.0) 165 (160.0-169.0) <.001

BMIa (95% CI) 25.4 (23.0-28.6) 28.3 (25.2-32.8) <.001

Gestational age, mean, wk (95% CI) 21.3 (20.9-21.6) 21.3 (20.9-21.6) .94

Race, No. (%)b

Black 710 (13.8) 94 (20.0)

<.001

East Asian 119 (2.3) 30 (6.4)

South Asian 289 (5.6) 45 (9.6)

White 3853 (74.8) 283 (60.2)

Multiracial 179 (3.5) 18 (3.8)

Medical history, No. (%)

Chronic hypertension 70 (1.4) 19 (4.0) <.001

SLE/APS 16 (0.3) 0 .45

Smoker, No. (%) 63 (1.2) 2 (0.4) .19

Family history of preeclampsia, No. (%) 165 (3.2) 17 (3.6) .08

Family history of diabetes, No. (%)

1st Degree 504 (9.8) 65 (13.8)
.004

2nd Degree 343 (6.7) 42 (8.9)

Method of conception, No. (%)

Spontaneous 4813 (93.5) 442 (94.0)

.01
In vitro fertilization, fresh 104 (2.0) 5 (1.1)

In vitro fertilization, frozen 199 (3.9) 23 (4.9)

Ovulation drugs 34 (0.7) 0

Parity, No. (%)

Nulliparous 2854 (55.4) 235 (50.0)

<.001Parous, no previous GD 2255 (43.8) 194 (41.3)

Parous, previous GD 41 (0.8) 41 (8.7)

Abbreviations: APS, antiphospholipid
syndrome; GD, gestational diabetes;
SLE, systemic lupus erythematosus.
a Calculated as weight in kilograms

divided by height in meters
squared.

b Race was self-reported.

Figure 3. Fetal Cardiac Function in Gestational Diabetes (GD)
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Discussion

Main Findings of the Study
This cross-sectional, observational study demonstrates that
there is evidence of cardiac remodeling at midgestation in fe-
tuses of women who subsequently develop GD with a mild in-
crease in interventricular thickness and left atrial area. Fetal
ventricular morphology and systolic and diastolic right and left
ventricular function in the group that developed GD were simi-
lar to those in the non-GD group with the exception of left ven-
tricular ejection fraction, which was marginally improved in
the GD group. These findings suggest that the adverse mater-
nal risk factor profile rather than glycemia alone contribute to
fetal cardiac programming in women with GD.

Comparison With Results of Previous Studies
In this study, we elected to perform detailed fetal cardiac assess-
ment using conventional and more advanced techniques, such
as speckle tracking, to identify early preclinical cardiac changes.
The reason for this choice is that we and others have previously
shown that in GD fetal cardiac changes are subtle and are not de-
tectable by conventional Doppler techniques.2,23,24

Most of the previous studies were performed in the third
trimester and reported mostly right ventricular systolic dys-
function in fetuses of mothers with GD, whereas contradic-
tory results were reported for the left ventricle.2,3,23-25 Gesta-
tional age and glycemic control appeared to be important
determinants for cardiac alterations, which suggests that lon-
ger and greater exposure to a glycemic insult can adversely
affect fetal cardiac function.23

Table 2. δ Values of Fetal Cardiac Indices in the Pregnancies With And Without Gestational Diabetes (GD) and in the GD Group
According To Treatment For Hyperglycemia

Mean, δ (95% CI)

Characteristic
No GD
(n = 5150)

GD
(n = 470)

GD diet
(n = 233)

GD metformin
(n = 170)

GD insulin
(n = 67)

Morphometry

Right ventricular sphericity index −0.01 (−0.01 to 1.01) 0.01 (−0.03 to 0.04) 0.01 (−0.04 to 0.06) 0.02 (−0.05 to 0.08) −0.03 (−0.11 to 0.05)

Left ventricular sphericity index 0 (−0.01 to
0.02)

−0.04 (−0.08 to
−0)

−0.04 (−0.09 to
0.01)

−0.01 (−0.09 to
0.06)

−0.10 (−0.19 to
−0.01)

Longitudinal left ventricular
diameter, mm

0.01 (−0.05 to 0.06) −0.01 (−0.2 to 0.2) 0.04 (−0.2 to 0.30) −0.02 (−0.3 to 0.30) −0.15 (−0.60 to 0.30)

Transverse left ventricular
diameter, mm

−0.01 (−0.04 to 0.02) 0.08 (−0.02 to 0.18) 0.09 (−0.05 to 0.22) 0.03 (−0.1 to 0.20) 0.20 (−0.05 to 0.45)

Longitudinal right ventricular
diameter, mm

.02 (−0.04 to 0.05) 0.12 (−0.04 to 0.27) 0.2 (−0.03 to 0.41) 0.03 (−0.22 to 0.29) 0.07 (−0.34 to 0.47)

Transverse right ventricular
diameter, mm

−0.01 (−0.04 to
0.02)

0.06 (−0.04 to
0.16)

0.08 (−0.07 to
0.22)

−0.02 (−0.15 to
0.12)

0.17 (−0.12 to
0.47)

Interventricular septal diameter
in diastole, mm

0 (−0.01 to 0.01) 0.04 (0.03-0.05)a 0.04 (0.03-0.05) 0.05 (0.04-0.06) 0.04 (0.03-0.05)

Diastolic indices

Mitral valve, early, cm/s 0 (−0.15 to
0.15)

−0.01 (−0.55 to
0.53)

−0.5 (−1.3 to
0.2)

0.6 (−0.2 to
1.4)

0.26 (−1.33 to
1.84)

Mitral valve, late, cm/s 0.04 (−0.17 to 0.25) −0.42 (−1.12 to 0.28) −0.8 (−1.7 to 0.1) 0.4 (−0.6 to 1.5) −1.27 (−3.72 to 1.18)

Mitral valve early/late .04 −.04 to .03) 0.01 (0-0.01) −0.02 (−0.02 to
0.02)

0.01 (−0.01 to
0.03)

0.02 (−0.01 to
0.05)

E/e′ ratio 0.01 (−0.06 to 0.07) −0.18 (−0.38. 0.03) −0.4 (−0.6 to −0.1) 0.1 (−0.2 to 0.4) −0.28 (−1.00 to 0.44)

Left atrial area, cm2 0.0 (−.02 to .02) 0.04 (0.04-0.05)a 0.04 (0.03-0.05) 0.04 (0.03-0.04) 0.05 (0.04-0.06)

Isovolumic relaxation time, m 0.02 (−0.04 to
0.04)

−0.02 (−0.03 to
−0.02)a

−0.002 (−0.03 to
−0.01)

−0.02 (−0.04 to
−0.01)

−0.04 (−0.06 to
−0.02)

Systolic indices

Myocardial performance index 0.03 (−0.02 to
0.03)

−0.04 (−0.01 to
0.03)

0.02 (−0.01 to
0.01)

−0.01 (−0.02 to
0.01)

−0.01 (−0.03 to
0.02)

Tricuspid annular plane systolic
excursion, mm

−0.01 (−0.03 to
0.02)

0.06 (−0.01 to
0.13)

0.1 (0.01-
0.19)

−0.03 (−0.14 to
0.09)

0.11 (−0.08 to
0.30)

Isovolumic contraction time, m −0.03 (−0.02 to 0.01) 0.03 (−0.02 to 0.01) 0.02 (0.01-0.03) −0.01 (−0.02 to 0) −0.02 (−0.03 to −0.05)

Ejection time, s 0.01 (−0.03 to
0.04)

0.01 (−0.01 to
0.04)

−0.02 (−0.03 to
−0.04)

0.01 (−0.04 to
0.02)

−0.01 (−0.03 to
0.02)

Speckle tracking

Right ventricular global
longitudinal strain, %

−0.02 (−0.16 to 0.12) 0.22 (−0.24 to 0.68) 0.1 (−0.6 to 0.8) 0.3 (−0.4 to 1.1) 0.32 (−0.81 to 1.45)

Left ventricular global
longitudinal strain, %

−0.03 (−0.25 to 0.19) 0.3 (−0.4 to 1.0) 0.2 (−0.9 to 1.3) 0.1 (−1.01 to 1.29) 1.09 (−0.58 to 2.75)

Right ventricular ejection
fraction, %

−0.01 (−0.02 to 0.01) 0.07 (−0.01 to 0.02) 0.02 (−0.01 to 0.01) 0.01 (0.02-0.02) 0.02 (−0.01 to 0.04)

Left ventricular ejection
fraction, %

−0.01 (−0.01 to 0.04) 0.02 (0.01-0.03)a 0.02 (−0.01 to 0.04) 0.02 (−0.04 to 0.04) 0.04 (−0.03 to 0.04)

a Significantly different from the no GD group.
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Earlier in gestation, Wang et al26 reported impaired con-
tractility in both the left and right ventricle at 24 to 27 weeks’
gestation. Atiq et al27 reported at 19 to 24 weeks’ gestation that
the functional cardiac variables myocardial performance in-
dex and left ventricular mitral E/A ratios were adversely al-
tered in the GD group.27 Our study was performed at 19 to 23
weeks’ gestation, prior to the diagnosis of GD. From the vari-
ous fetal cardiac indices, only interventricular thickness and
left atrial area were marginally increased in the GD group. Cur-
rent knowledge suggests that fetal myocardial hypertrophy is
likely to be the consequence of both fetal hyperinsulinemia and
also due to increased expression and affinity of insulin recep-
tors, which subsequently lead to proliferation and hypertro-
phy of cardiac myocytes.28,29 Additionally, it has been postu-
lated that fluctuations in glucose values, rather than basal state,
may also be important determinants of fetal cardiac altera-
tions in maternal diabetes.30 Considering that none of the
women in our study had the diagnosis of GD at the time of fe-
tal cardiac screening, our data suggest that maternal charac-
teristics might drive the noted cardiac alterations. In addi-
tion, a marginal increase in left ventricular ejection fraction
was noted in the GD group; however, no clear explanation for
this finding could be identified. We also examined whether fe-
tuses of mothers who developed more severe GD, using as
proxy diabetic treatment, have a different cardiac phenotype
at midgestation but this could not be confirmed from our study.

Women at risk of GD often have a constellation of adverse
cardiovascular risk factors, including being older, obese, and
with higher blood pressure, and there is often a family his-
tory of diabetes.12,31 Exposure to these cardiovascular risk fac-
tors has been associated with metabolic abnormalities and in-
creased inflammation, which may adversely affect placental
physiology and impact the fetal heart. Consistent with previ-
ous reports, in our study, women at risk of GD had increased
weight and BMI and were older than those in the non-GD group.
The proportion of women of Black and Asian race was also
higher in women with GD. We found that several maternal char-
acteristics had an adverse effect on a variety of fetal cardiac

functional indices irrespective of whether the women devel-
oped GD or not.

Strengths and Limitations
The main strengths of our study are (1) unselected population
of women who attended routine antenatal scan at 19 to 23
weeks’ gestation, (2) fetal cardiac functional assessment was
performed using the same strict protocol to minimize variabil-
ity of results, and (3) adjustment of results for maternal char-
acteristics to be able to identify the presence of unknown path-
ways that might contribute to fetal cardiac remodeling prior to
GD development and demonstrated that exposure to hyper-
glycemia is key to stimulate fetal cardiac alterations. Our main
limitation is that our study is cross-sectional; thus, we can only
speculate from our studies and from those from other groups
that exposure to hyperglycemia is key to stimulate fetal car-
diac alterations. In addition, it is possible that longer expo-
sure to maternal adverse risk factors may also differentially
affect fetal cardiac function later in gestation in pregnancies of
mothers with GD compared with non-GD mothers. In addi-
tion, we followed NICE guidelines for diabetes screening dur-
ing pregnancy; however, it is possible that some women may
have developed GD before their GD screening and this might
have contributed to small anatomical fetal cardiac changes that
were identified in this study.

Conclusions
In this cross-section, the offspring of women with GD were at
high risk for development of cardiovascular disease in child-
hood and early adulthood. Our study demonstrated that, at
midgestation, there were mild changes in fetal cardiac mor-
phology prior to GD diagnosis whereas functional alterations
are evident with exposure to glycemia. This finding suggests
that maternal characteristics, as well as possible fluctuations
in maternal glucose levels, might contribute to fetal cardiac
remodeling process.
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