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Abstract

Objectives: To test the hypothesis, that increasing maternal weight is directly related to the incidence of fetal anomalies, to rank
anomalies according to their frequency and to establish detection rates for the various anomalies with increasing body mass index
(BMI).

Materials and Methods: Retrospective single center matched case control study, analysis of the association between maternal BMI
and the frequency and type of fetal anomalies and establishment of the sensitivity of ultrasound scans in relation to the maternal
BMI.

Results: There were 182 fetal anomalies which were matched with healthy controls. The main findings of the study are, that maternal
BMI was significantly increased in pregnancies with fetal anomalies, in particular in overweighed women the risk was 1.6 fold
increased for a fetal anomaly, in obesity it was even 2.1 fold. The most common anomaly were cardiac defects, urogenital defects
were second. The chance for a neural tube defects was 10.7 times increased. Although vision was impaired, 94.7% of the cases were
diagnosed correctly by prenatal ultrasound, the detection rate deteriorating with decreasing sensitivity in obese women.
Conclusion: There is an increase of fetal anomalies with increasing maternal weight whereas the detection rate for fetal defects
declines.
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Introduction

The incidence of obesity is constantly rising and is devel-
oping into a relevant economic and public health concern.
According to the World Health Organization (WHO) 1.4
billion people in the world suffered from obesity in 2008.
Of these 0.3 billion were women including those of child-
bearing age.

In pregnancy, obesity increases the risks both for the
mother and fetus. Maternal risks are thromboembolism,
gestational diabetes, preeclampsia, hypertension and uro-
genital infections (1-3). Moreover, an increased maternal
body mass index (BMI) has been shown to be a risk fac-
tor for spontaneous abortion and intrauterine fetal death
(2,4). A recent study demonstrated that obese women who
suffered two or more abortions tended to have a higher
incidence of euploid abortions (5). Regarding delivery,
a higher rate of cesarean sections has been described in
obese women with an increase in surgical and postoper-
ative complications (3,6). Children of women with a high
BMI are more likely to be delivered preterm with a subse-
quent need for neonatal intensive care treatment (7,8). In
addition, maternal obesity is linked to high infant birth
weight, subsequent complications during delivery and an
increased incidence of children suffering from a metabol-
ic syndrome in their later lives (9,10). However, the occur-

rence of congenital fetal anomalies has also been associ-
ated with obesity in pregnant women. A meta-analysis of
12 studies could confirm an association between maternal
obesity and an increased risk of neural tube defects (11),
whereas another meta-analysis of 18 studies showed an
association between the incidence of fetal hydrocephaly,
cardiovascular anomalies, cleft palate, anorectal atresia
and limb reduction anomalies (12). Interestingly, the risk
of gastroschisis was significantly reduced in obese moth-
ers. On the other hand, congenital anomalies are a major
risk factor for perinatal and infant death (13).

Prenatal ultrasound scans are utilized to detect congenital
malformations in pregnancy. The effect of maternal over-
weight and obesity on the sensitivity of ultrasound diag-
nostics has been reported previously. Aagaard-Tillery et
al described that maternal obesity significantly decreased
the likelihood of sonographic detection of common
anomalies in 8555 pregnancies with available BMI (14).
This would lead to the assumption that obese women not
only tend to have a higher risk of having children with
congenital anomalies but also suffer from lower detection
rates which has implications on antenatal counseling in
this group (15).

The aim of this retrospective case-control study was to in-
vestigate the association between maternal BMI and con-
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genital malformations, to establish the distribution of fetal
defects and to assess detection rates as maternal weight
increases in obese women in a single center.

Materials and Methods

This study was conducted as a retrospective case-control
study in which every case of a congenital anomaly was
matched with a healthy control according to age, BMI,
maternal diabetes, number of previous deliveries, nicotine
consume and number of fetuses.

Patient Population

The database of prenatal ultrasound examinations per-
formed by certified sonographers using either an ATL
HDI 8000 sono CT (Philips, NL), a GE Voluson E8 (GE
Healthcare, GB) or a Philips iu22 (Philips, NL) between
1 January 2000 and 17 December 2011 in the department
of Obstetrics and Gynecology of the University Hospital
Schleswig-Holstein, Campus Kiel was screened for con-
genital anomalies detected. The software utilized was
ViewPoint-Pia Fetal database software (GE Healthcare,
Wesling, Germany). A database search identified 508 cas-
es of anomalies. Patients were included if an anomaly was
detected antenatally, available information on pregnancy
outcome and confirmation of congenital malformation
existed. Exclusion criteria were healthy born infants, pre-
existing diabetes, chromosomal anomalies, genetic defects
and anomalies caused by maternal infections. This lead to
the exclusion of 326 cases leaving 182 cases for further
analysis. The cases were matched with control cases from
the same hospital according to their maternal age at first
presentation, for antenatal ultrasound, number of previ-
ous deliveries and nicotine consumption.

Statistical Analyses

Statistical analysis was performed using Microsoft Excel
2013 (Microsoft, WA) and SPSS Statistics 22 (IBM, NY).
Statistical tests used were the Wilcoxon matched pairs test,
chi square test as well as the Kolmogorov-Smirnov test
and P values < 0.05 were declared significant.

Results

Patient Characteristics

The patient characteristics are displayed in Table 1.
Among the cases 96.2% were single pregnancies, 6 twins
and one triplet. Controls were matched accordingly. In
both groups 17.6% of pregnant patients smoked and all
confirmed alcohol abstinence. Among the groups 53.9%
were primigravida and 3% developed gestational diabetes.
The majority of patients were between 30 and 34 years of
age (33%) followed by the age group of 35 years and older
(19.8%). Regarding maternal BMI, differences could be
observed between the case and control group (Figure 1).
The mean BMI among the cases was 25.3 kg/m? compared
to 23.7 kg/m? in the control group. Especially the num-
ber of women with a BMI equal or above 30 kg/m? was
higher in the case group (18.7%) than in the control group
(10.4%).

Table 1. Patient Characteristics

Cases: Number (%) Controls: Number (%)

n =182 n =182
No. of fetus
1 175 (96.2%) 177 (97.3%)
2 6(3.3%) 5(2.7%)
3 1(0.5%) 0
Nicotine consumption
Yes 32 (17.6%) 32 (17.6%)
No 150 (82.4%) 150 (82.4%)
No. of previous birth
0 98 (53.9%) 98 (53.9%)
1 54 (29.7%) 55 (30.2%)
2 19 (10.4%) 19 (10.4%)
3 or more 11 (6.0%) 10 (5.5%)
Maternal diabetes
Absence 165 (97.1%) 125 (96.9%)
Gestational diabetes 5(2.9%) 4 (3.1%)
Unknown 12 53
Maternal BMI in kg/m?
<18.5 7 (3.8%) 5(2.7%)
18.5-24.9 103 (56.6%) 122 (67%)
25-29.9 38 (20.9%) 36 (19.8%)
>30 34 (18.7%) 19 (10.4%)
Age
<20 7 (3.8%) 7 (3.8%)
20-24 27 (14.8%) 27 (14.8%)
25-29 52 (28.6%) 52 (28.6%)
30-34 60 (33.0%) 60 (33%)
35-39 30 (16.5%) 30 (16.5%)
240 6 (3.3%) 6 (3.3%)
E Controls
Cases
60,0%

Percent

<185 185249 25299 =30
BMI (kg/m?)

Figure 1. Maternal BMI in the Case and Control Group.

Fetal Anomalies

The majority of cases were diagnosed with cardiovascular
anomalies (37.9%) followed by urogenital malformations
(18.7%) (Figure 2). Central nervous system and multiple
malformations were presented at 12.8% and 14.8%, re-
spectively.

Among the 182 cases were 3 newborns with cleft palate.
Six respiratory tract malformations were diagnosed, 5 of
them before 30 weeks of gestation by ultrasound. There
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Figure 2. Subgroups of Fetal Malformations.

were 7 cases of musculoskeletal malformations, all of
them were diagnosed prior to 30 weeks of gestation. In
8 cases a gastroschisis was diagnosed and 2 fetuses pre-
sented with omphaloceles, ending in one intrauterine de-
mise. Three cases of gastrointestinal tract malformations
were diagnosed correctly prenatally. Twenty-seven fetuses
in the case group had multiple malformations. Nineteen
of these were diagnosed before 30 weeks of gestation of
which one diagnosis was incorrect. One fetus suffered
from intrauterine death, 3 died postnatally and 3 pregnan-
cies were terminated according to legal right. Of 23 cases
with central nervous system malformations 13 suffered
from neural tube defects (57%) and 6 from hydrocephalus
(26%). 94.7% were diagnosed correctly before 30 weeks
of gestation and 43.5% of pregnancies were terminated.
Twenty-eight percent of the cardiovascular anomalies
were conotruncal and the majority of these were left ven-
tricular obstructions. Sensitivity of diagnosis was 94.7%

Table 2. Fetal Malformations in BMI Subgroups

and 88.4% resulted in live births. Sensitivity of ultrasound
diagnosis of urogenital tract malformations was 90.5% in
this cohort. The majority of defects included obstructions
of the urinary tract (65%). Four (12%) were diagnosed
with multicystic renal dysplasia.

Overall, 94.7% of cases were diagnosed correctly prior to
30 weeks of gestation. Sensitivity among underweighted
women (BMI <18.5 kg/m?*) was 100% compared to 95.5%
in the normal weight group (BMI 18.5-24.9 kg/m?) and
this dropped to 93.6% in the overweighted (BMI 25-29.9
kg/m?) and obese cohort (BMI >30 kg/m?). 80.8% result-
ed in live birth and terminations of pregnancy were per-
formed in 9.3%. 2.2% suffered from intrauterine death
and 7.7% of newborns died postnatally.

Association Between Maternal BMI and Fetal Anomalies
The BMI in the case and control group were significant-
ly different with the higher BMI levels in the case group
(P=0.022). A significant association between a maternal
BMI >25 kg/m? and fetal anomalies could be detected
(P=0.049). This association was even stronger in the group
of obese women with a BMI above 30 kg/m? (P=0.016).
Regarding the different organ systems there was an associ-
ation of maternal obesity with respiratory tract anomalies
(P=0.004) as well as gastrointestinal tract malformations
(P=0.01) and multiple malformations (P=0.015) (Table
2). An association between maternal overweight with cen-
tral nervous system anomalies could be detected as well
(p=0.017). Especially neural tube defects occurred in the
overweighed and obese cohorts (P=0.001).

Obese women had a twice as high risk of having a child
with anomalies compared to normal weight women (OR
2.1, CI 1.1-3.9) (Table 3). In detail, the risks of respira-
tory tract anomalies (OR 9.6, CI 1.5-61.5), gastrointesti-

. Underweighed (BM <18.5)  Overweighed (BMI 25-29.9)  Obesity (BMI 230) BMI 2 25
Fetal Malformations
P value P value P value P value
Total 0.395 0.405 0.016 0,049
Cleft palate - - - -
Respiratory tract - 0.667 0.004 0,067
Musculoskeletal system 0.421 0.981 0.344 0,596
Gastroschisis 0.142 - 0.264 0,888
Others - 0.338 0.823 0,400
Gastrointestinal tract - - 0.01 0,189
Multiple - 0.487 0.015 0,317
CNS 0.039 0.137 0.008 0,017
Neural tube defects - 0.011 0.000 0,001
Hydrozephalus 0.047 0.917 0.510 0,671
others 0.047 - - -
Cardiovascular system 0.2 0.424 0.622 0,390
Conotruncal 0.421 0.359 0.344 0,248
Left venrticular obstruction - 0.339 0.676 0,348
Cardiac valve-/septum anomalies 0.000 0.722 - 0,888
Others - - 0.951 0,344
Urogenital tract - 0.396 0.736 0,413
Multicystic renal dysplasia - 0.667 0.325 0,420
Obstructive defects - 0.730 0.639 0,615
Others - 0.338 - 0,702
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Table 3. Odds Ratios for Fetal Malformations in the BMI Subgroups?

Normal Weight

Underweight

Overweight Obesity

Fetal malformations Total (BML;"'::)M'B (BM <18.5 kg/m?)  (BMI25-29.9 kg/m?)  (BMI 230 kg/m?) BMI 225 kg/m*
n n OR (95 % CI) n OR (95 % CI) n OR (95 % CI) n OR (95 % CI)
None (controls) 182 122 5 36 19 55
Malformations in total 182 103 7 1.7(05-54) 38 13(0.7-21) 34 21(1.1-3.9) 72 1.6(1-2.4)
Cleft palate 3 3 0 0 - 0 - 0 -
Respiratory tract 6 2 0 1 1.7(0.1-19.2) 3 9.6 (1.5-61.5) 4  4.4(0.8-24.9)
Musculoskeletal system 17 10 1 2.4 (0.3-23) 3 1(0.3-3.9) 3 1.9 (0.5-7.6) 6 1.3(0.5-3.8)
Gastroschisis 8 5 1 49(0.5-49.9) 0 - 2 26(05-142) 2 0.9(0.2-4.7)
Others 9 5 0 3 2 (0.5-8.9) 1 1.3(0.1-11.6) 4 1.8 (0.5-6.9)
Gastrointestinal tract 3 1 0 0 - 2 12.8(1.1-148.6) 2 4.4(0.4-50.0)
Multiple 27 16 0 3 06(02-23) 8  3.2(12-85) 11 1.5(0.7-3.5)
CNS 23 9 2 54(09-320) 6 23(0.8-6.8) 6 3.2(1.2-85) 12 3(1.2-7.4)
Neural tube defects 13 3 0 - 5 5.6(1.3-24.8) 5 10.7 (2.4-48.5) 10 7.4(2.0-27.9)
Hydrocephalus 6 3 1 81(0.7-92.7) 1 1.1(0.1-11.2) 1 2.1(0.2-21.7) 2 1.5(0.2-9.1)
Others 4 3 1 8.1(0.7-92.7) O - 0 - 0 -
Cardiovascular system 69 41 4 24(0.6-9.3) 16 1.3(0.7-2.6) 8 1.3(0.5-3.1) 24 1.3(0.7-2.4)
Conotruncal 19 10 1 24(0.3-23.00 5 1.7 (0.5-5.3) 3 1.9 (0.5-7.6) 8 1.8(0.7-4.7)
Left ventricular obstruction 33 20 0 9 1.5 (0.6-3.6) 4 1.3(0.4-4.2) 13 1.4(0.7-3.1)
Cardiac valve-/ Septum 10 5 3 146(27-79.2) 2 14(03-7.3) 0 - 2 09(02-47)
anomalies
Others 7 6 0 0 - 1 1(0.1-9.4) 1 0.4(0.0-31)
Urogenital tract 34 21 0 9 1.5(0.6-3.4) 4 1.2 (0.4-4) 13 1.4(0.6-2.9)
Multicystic Renal dysplasia 4 2 0 1 1.7(0.1-19.2) 1 3.2(0.3-37.2) 2 2.2(0.3-16.2)
Obstructive defects 22 14 0 5 1.2(0.4-36) 3 1.4 (0.4-5.2) 8 1.3(0.5-3.2)
Others 8 5 0 3 20(05-89) 0 - 3 1.3(0.3-5.8)

20dds ratios with P values <0.05 are printed in bold.

nal tract anomalies (OR 12.8, CI 11.0-148.6), and neural
tube defects (OR 10.7, CI 2.4-48.5) were especially high in
obese women. On the other hand, overweighed women
had a 6 fold increased risk of carrying a fetus with neu-
ral tube defects (OR 5.6, CI 1.3-24.8). In contrast, under-
weighted women had an increased risk of being diagnosed
with a fetus with heart defects (OR 14.6, CI 2.7-79.2).

Discussion

This retrospective matched case control study could show
an association between maternal BMI and fetal anomalies.
In this cohort, the risk of carrying a fetus with anomalies
was twice as high for obese women compared to women
with a normal BMI. These results are similar to a prospec-
tive study performed in Ireland including 3565 patients,
that demonstrated a 2.5 fold risk increase (16). A signif-
icant association between BMI and fetal malformations
could not be determined in the group of overweighed
women in their study as well as in the here presented data.
In this study, it was possible for the first time to detect
an association between fetal respiratory tract anomalies
and maternal obesity although the number of cases was
very small. This has to be confirmed in larger cohorts.
Concerning musculoskeletal anomalies there was no sig-
nificant association with maternal BMI which is conform
with the data presented by Queisser-Luft et al (17). Ac-
cording to the EUROCAT classification omphaloceles
and gastroschisis were included in this subgroup although
it has been demonstrated that obesity is a risk factor for
the development of omphaloceles but a protective fac-

tor against gastroschisis. This might have influenced the
above-mentioned non-significant results. However, the
National Birth Defects Prevention Study was one of the
studies that demonstrated the positive association of obe-
sity and omphaloceles (18,19). On the other hand, in the
here presented study there was an association between a
low BMI and an increased risk for the occurrence of gas-
troschisis. This is conform with the data published by Lam
et al in 1999 who matched 104 cases of gastroschisis with
controls and described an increased risk of 3 fold in un-
derweighted women (20).

The number of cases with gastrointestinal tract anoma-
lies was very small in this study, which might explain the
observed association with obesity that was not described
to this extend by other studies including more cases (17-
19). In contrast, the here presented association of ma-
ternal obesity with the development of multiple malfor-
mations in the fetus was also described by Watkins et al
(19). Previously published matched case studies described
that obese women had a higher risk of delivering children
with neural tube defects which is in line with the here pre-
sented results. A recently published matched case control
study investigating neural tube defects in 459 cases found
that obese women had a significant OR of 2.45 of having
children with this defect (21). Moreover, a published me-
ta-analysis described not only an association with obesity
but with maternal overweight, as well (12). In contrast, the
occurrence of a fetal hydrocephalus had not been linked
to maternal weight in several studies and the here present-
ed data correlated with these results (12,18,19).
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In 2012 Eckmann-Scholz et al published that in a cohort
of women carrying fetuses with heart defects 54.3% had a
BMI above 25 kg/m? leading to the assumption that obese
women might be at increased risk (22). Our here present-
ed data suggest a slight but not significantly increased risk
for obese and overweighed women. In other studies that
comprised a higher number of cases, a similar but signif-
icant association was described. Odds ratios published
were between 1.15 and 2.0 (12,18,19,23,24). With respect
to conotruncal defects alone, we could show an increased
risk in overweighed women of 1.7 fold and 1.9 fold in
obese, but this was not statistically significant compared
to previously published data (19). In a recently published
meta-analysis, the increased risk of having children with
conotruncal defects was shown to be significant in obese
women highlighting the extended number of cases need-
ed to reach significance (24). Gilboa et al investigated a
cohort of 6440 children with congenital heart defects and
demonstrated that especially muscular ventricle septum
defects occurred in women who were underweighted (23).
These findings could be confirmed in the smaller cohort
presented above.

The published studies regarding the association of mater-
nal BMI and the occurrence of urogenital anomalies are
controversial. Whereas one study demonstrated a protec-
tive effect of increased maternal weight (19) another one
described an increased risk of 1.7 fold for obese women
(17). This increased risk could also be detected in our
cohort, but the number of cases was not high enough to
reach statistical significance.

The sensitivity of 94.9% for prenatal ultrasound diagno-
sis was relatively high in this study. Especially in under-
weighted and normal weighted women it reached 100%
and 95.5%, respectively. In contrast, the sensitivity was
lower in women with increased body weight (93.6%),
which highlights an association of maternal body weight
with the detectability of fetal malformations. Similar re-
sults were published in a study that investigated the sen-
sitivity of prenatal ultrasound between 18 and 24 weeks
of gestation in 1098 cases (25). The authors described
sensitivities of 97% in women with a normal BMI that
decreased to 75%-88% among obese women. A Swedish
study comprising basic ultrasound screenings performed
on 19140 women could demonstrate that detection rates
of fetal anomalies were 26% in the normal weight group,
29% in overweighed and only 19% in obese women. The
better detection rate in the overweighed was explained by
the fact that ultrasonographers took extra care to reach ac-
ceptable views, whereas this was technically impossible in
the obese (26). Similar results were published by Maxwell
et al (27). They describe that basic ultrasound screenings
were more likely to be incomplete in obese women due
to worse ultrasound conditions. In conclusion, the here
presented data confirmed the published results that obese
women are more likely to suffer from lower detection rates
of fetal anomalies by ultrasound diagnostics.

In this study the association between maternal weight
and fetal malformations could be confirmed. Although

an association has been described in several articles, the
underlying causes have yet to be discovered completely.
The reason for the development of fetal anomalies is un-
known in the majority of cases and often multifactorial.
Obesity is one of the biggest risk factors for type 2 diabe-
tes and gestational diabetes (28). It has been demonstrated
previously in a rat model that a diabetic environment is
disadvantageous for the embryonic development (29). A
preexisting diabetes is associated with a 3-4 fold increased
risk for the development of fetal anomalies and this is even
higher if the diabetes is insufficiently treated (30,31). The
reason for this is supposed to be maternal hyperglycemia.
The teratogenic effect of hyperglycemia has been demon-
strated in several studies (32,33). Even a slight increase
in maternal blood sugar levels that does not yet account
for gestational diabetes has been shown to have effects on
the fetus (34). A recent study described that maternal glu-
cose passes the placenta and leads to oxidative stress in
the offspring resulting in a decreased expression of PAX-3.
PAX-3 is of fundamental importance for the development
of the neural tube. In its absence, p53 and other proapop-
totic proteins lead to cell apoptosis and cause neural tube
defects as well as dysmorphologies (35,36). On the other
hand, hyperinsulinism has also been linked independent-
ly to the development of fetal malformations. This occurs
in obese and type 2 diabetic patients with peripheral in-
sulin resistance (37). Prospective studies confirmed this
suggesting that in obese women an undiagnosed diabetic
condition most likely is the reason for the increased risk
in developing fetal anomalies (38,39). Furthermore, af-
ter supplementation with the same amount of folic acid
obese women have a lower concentration in their serum
compared to women with a normal BMI (40). This might
explain why the risk reduction for neural tube defects was
observed in normal weight women, only (41).

In conclusion, this retrospective matched case control
study conducted in a single center was able to confirm
the association between maternal BMI and the increased
risk of fetal anomalies published by several groups. More-
over, the here presented data confirm that obese women
not only suffer from an increased risk for fetal malforma-
tions. Also may but insufficient ultrasound conditions due
to subcutaneous fat depots make it harder to detect and
correctly diagnose fetal malformations. It is of paramount
importance to refer these patients to specialist clinics with
up to date equipment. Extra time for the exams in order to
increase the sensitivity of antenatal screening in this pa-
tient cohort is necessary.
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