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Abstract
Purpose Recent studies showed that women after surgery are at higher risk of delivering small-for-gestational infants. Thus, this
study aims to investigate longitudinal changes of fetal subcutaneous adipose tissue thickness (FSCTT) of fetuses conceived after
gastric bypass surgery as compared to BMI-matched controls.
Methods Retrospective cohort study measuring ultrasound-derived longitudinal trajectories of abdominal FSCTT in 41 singleton
pregnancies after gastric bypass surgery compared to 41 BMI-matched controls and 64 obese mothers.
Results FSCTTwas significantly lower in fetuses of women after GB as compared to BMI-matched controls in the second (mean
difference 1.38 mm, p < 0.001) and third trimester of gestation (mean difference 3.37 mm, p < 0.001). Longitudinal analysis
revealed significant differences inmean FSCTT trajectories between offspring’s in GBmothers, BMI-matched, or obese controls.
The ratio of FSCTT and abdominal circumference remained constant in the BMI-matched control group whereas it significantly
decreased in fetuses of women after GB. Despite remarkable differences were observed in longitudinally assessed FSCTT, further
analyses in the GB subgroup revealed that FSCTTwere not influenced by OGTTmean or 120 min glucose values, biochemically
hypoglycemia, time since bariatric surgery, or weight loss since surgery.
Conclusion In fetuses of mothers with history of bariatric surgery, abdominal FSCTT was markedly reduced. While the under-
lying mechanisms are not fully understood, a multifactorial genesis including nutritional deficiencies and altered metabolism
after bariatric surgery is assumed.
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Introduction

The number of obese women in childbearing age undergoing
bariatric surgery has risen significantly within the past years
[1]. Although bariatric surgery is the most effective treatment

for morbid obesity in diabetic patients [2, 3], recent studies
showed that women after surgery are at higher risk of perinatal
complications such as preterm birth or delivering small-for-
gestational (SGA) infants [4–7]. In this context, we recently
demonstrated a continuous decline in fetal growth throughout
pregnancy after gastric bypass surgery, starting at the early
second trimester [8]. Although the pathophysiologic mecha-
nism beyond this observation remains unclear, it is believed
that fetal growth delay is rather caused by nutrient deficiency
and postprandial hypoglycemia (due to dumping syndrome)
than by growth restriction due to placenta etiology or pre-
eclampsia [5, 9].

Previous studies indicated that trajectories of ultrasound-
derived fetal subcutaneous adipose tissue thickness (FSCTT)
are very sensitive to maternal metabolic alterations during
pregnancy like gestational diabetes (GDM) [10] and closely
related to established predictors of fetal nutrition status such as
amniotic fluid, abdominal circumference, ponderal index, and
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triceps and subscapular skinfold thickness in newborns [11].
Therefore, longitudinal assessment of FSCTT has become an
important role to identify nutritional fetal abnormalities [10].
However, a longitudinal evaluation of FSCTT in pregnancies
after bariatric surgery has not been assessed so far.

Therefore, this study aims to investigate the trajectories of
abdominal FSCTT of fetuses conceived after gastric bypass
surgery as compared to body mass index (BMI)-matched and
obese controls in the second and third trimester of pregnancy.
Moreover, their association with maternal glucose metabolism
and BMI, as well as time and weight loss after bariatric sur-
gery, should be assessed as further objectives.

Material and Methods

Research Design

Details of the study design are reported elsewhere [8]. In short,
we retrospectively included 82 singleton pregnancies, 41 wom-
en after gastric bypass surgery (GB) and 41 BMI and age-
matched controls (BMIM), treated at our department between
January 2007 and January 2016. Of a total of 86 pregnancies
included in the original study, four patients were excluded due
to missing ultrasound pictures. In addition, we included 64
obese women with pregestational BMI ≥ 30 kg/m2 but without
history of bariatric surgery (OB). Specialized ultrasound tech-
nicians performed all ultrasound examinations with commer-
cially available real-time equipment using standard 3.75-MHz
linear or sector transducers transabdominally (Power Vision
and Aplio MX, Toshiba, Japan). Longitudinal assessment of
FSCTT was performed in a retrospective setting from the sec-
ond trimester onwards. Thereby, the abdominal FSCTT was
assessed after the image was recalibrated: The abdominal cir-
cumference level (AC) has been used for all measurements
since it is a standardized cutting plane, for unification and there-
fore having a continuity and equality within the measurements
(Fig. 1a). The measure points for the abdominal FSCTT were
on the anterior abdominal wall in front of the intrahepatic tract
of the umbilical vein, on the left side next to the stomach and on
the exact opposite right side of the abdomen. FSCTTwas mea-
sured in millimeters (mm) between the outer and inner margin
of the echogenic subcutaneous tissue after magnifying the area
of interest (Fig. 1b). Additionally, medical records were
reviewed to collect data on maternal variables such as BMI
before and after bariatric surgery and time between operation
and pregnancy. Furthermore, results of the 2 h 75 g OGTT
including fasting and 60 min and 120 min post-load glucose
levels (available in 37 GB, 33 BMIM and 64 obese pregnan-
cies), as well as pregnancy outcome and weight of the new-
borns, were collected. Postprandial hypoglycemia was defined
as glucose levels below 70 mg/dl (alert value) and below
54 mg/dl (clinically significant biochemical hypoglycemia)

according to international guidelines [12]. Ethical approval for
this study was provided by the Ethics Committee of the
Medical University Vienna.

Statistical Analysis

Continuous variables were summarized by mean ± standard
deviation or median and interquartile ranges (IQR) and com-
pared by analysis of variance (ANOVA) followed by Fisher
LSD tests or rank-based inference (Kruskal-Wallis test), re-
spectively. Categorical variables were summarized by counts
and percentages and compared by Fisher’s exact test. Linear
mixed effects (LME) models were used to account for corre-
lated residuals due to repeated measurements. A group by

Fig. 1 a An example of the measurement technique of the abdominal fat
content at three different points in 20 + 2 weeks of gestation. The
abdominal circumference level (AC) has been used for all measurements.
b The exact measurement of the abdominal FSCTT after magnifying the
picture
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time interaction term was included into the LME models to
evaluate differences in time-dependent changes between the
groups. Statistical analysis was performed with R (V3.5.1)
and contributing packages. A two-sided p value ≤ 0.05 was
considered statistically significant.

Results

Characteristics of the study sample are shown in Table 1. The
median time after GB surgery was 3 years, whereby women
after GB showed a mean weight loss of 42.8 kg between
surgery and index pregnancy. Moreover, a high amount post-
prandial hypoglycemia during the OGTTwas observed in this
group. FSCTT was significantly lower in fetuses of women
after GB as compared to BMI-matched controls in the second
(mean difference 1.38 mm, 95%CI 1.11–1.65 mm, p < 0.001)
and third trimester of gestation (mean difference 3.37 mm,
95%CI 2.90–3.83 mm, p < 0.001). Longitudinal analysis re-
vealed significant differences in mean FSCTT trajectories be-
tween the groups: FSCTT in offspring of GB mothers in-
creased by 0.37 mm per 8 weeks of gestation, whereas
FSCTT in offspring of BMI-matched controls increased by
2.08 mm resulting in a significant group per time interaction
(b = 1.71 mm, 95%CI 1.39–2.03 mm, p < 0.001, Fig. 2a).

Comparable results were observed when FSCTT in GB off-
spring were compared to obese mothers who increased by
2.93 mm (group per time interaction b = 2.56 mm, 95%CI
2.28–2.85, p < 0.001, Fig. 2a). As visualized in Fig. 2b, the
ratio of FSCTT and abdominal circumference remained con-
stant in the BMI-matched control group and increased with
gestational age in fetuses of obese mothers, whereas it signif-
icantly decreased in fetuses of women after GB. Further anal-
yses in the GB subgroup found no indication that FSCTT
trajectories during pregnancy are notably influenced by
OGTT-G mean (p = 0.363) or 120 min values (p = 0.651),
biochemically hypoglycemia below 54 mg/dl (p = 0.562),
time since bariatric surgery (p = 0.900), or weight loss since
surgery (p = 0.852). Trajectories of some subgroups are visu-
alized in the supplemental material (Fig. S1-S3).

Discussion

This study aimed to examine the impact of maternal history of
bariatric surgery on fetal development by longitudinal assess-
ment of fetal subcutaneous adipose tissue thickness. As a key-
finding, we observed that fetuses conceived after maternal GB
showedmarkedly reduced ultrasound-derived FSCTTas com-
pared to BMI-matched or obese controls. Moreover, the ratio

Table 1 Characteristics of the
study population. Data are mean
standard deviation, median
(interquartile range) as well as
counts (%); BMI, body mass
index; Weight, weight loss since
bariatric surgery; time, time
between bariatricsurgery and
pregnancy; OGTT-G, Glucose
during the oral glucose tolerance
test; GB, mothers with history of
gastric bypass surgery; BMIM,
BMImatched controls; OB, obese
controls

GB BMIM OB p

Age (years) 32.2 ± 6.3 31.5 ± 6.0 31.9 ± 5.9 0.853

Parity 2 (1–2) 2 (1–2) 1 (0–2)* 0.026

Family history with diabetes 17 (41.5%) 14 (34.1%) 20 (31.3%) 0.559

History of GDM 7 (17.1%) 9 (22.0%) 8 (12.5%) 0.440

History of GDM (insulin) 4 (9.8%) 6 (14.6%) 3 (4.7%) 0.212

Fetal sex (female) 18 (43.9%) 21 (51.1%) 30 (47.6%) 0.803

Hypothyroidism 9 (22.0%) 3 (7.3%) 7 (10.9%) 0.116

Mean UA-PI > 1.5 1 (2.5%) 4 (10.3) 5 (8.6%) 0.365

Hypertension or PE 1 (2.4%) 1 (2.5%) 7 (10.9%) 0.111

Insulin treatment 7 (17.1%) 13 (31.7%) 15 (23.4%) 0.297

BMI actual (kg/m2) 29.5 ± 4.8 29.6 ± 4.4 35.4 ± 5.1* < 0.001

BMI before surgery (kg/m2) 45.4 ± 6.9 – – –

ΔWeight (kg) 42.8 ± 14.6 – – –

Δtime (years) 3 (2–5) – – –

Δtime > 1 (years) 38 (92.6) – – –

Δtime > 2 (years) 24 (58.5) – – –

OGTT-G 0 min (mg/dl) 74.4 ± 6.8 86.2 ± 7.7* 89.6 ± 11.4* < 0.001

OGTT-G 60 min (mg/dl) 161.8 ± 44.0 153.7 ± 32.3 163.0 ± 37.3 0.501

OGTT-G 120 min (mg/dl) 67.3 ± 28.3 114.2 ± 28.8* 127.2 ± 32.3* < 0.001

OGTT-G mean (mg/dl) 101.2 ± 19.1 118.0 ± 18.1* 126.6 ± 23.3* < 0.001

OGTT-G 120 ≤ 70 mg/dl 26 (70.3%) 1 (3.0%)* 0 (0.0%)* < 0.001

OGTT-G 120 ≤ 54 mg/dl 14 (37.8%) 0 (0.0%)* 0 (0.0%)* < 0.001
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of FSCTT and abdominal circumference was markedly de-
creased in offspring of mothers after GB surgery.

The association between GB and SGA fetuses has been
previously reported and discussed [4, 6]. In addition to these
observations, we recently observed markedly decreasing
growth curves from the beginning of the second trimester until
the end of pregnancy with the largest effect on the abdominal
circumference [8]. While the mechanisms beyond these find-
ings are not clarified yet, we assume that development of SGA

offspring may be related to metabolic as well as micronutrient
deficiencies, which commonly occurred in women after bar-
iatric surgery and especially during pregnancy [6, 13]. In this
regard, some authors hypothesized that the chronically under-
nourished body of a pregnant women tries to protect itself
against nutrient loss through adaptive changes in the placenta,
and therefore subsequently causing fetal growth delay [14].
Detailed assessment of fat distribution in offspring of bariatric
patients could be helpful to gain a more comprehensive

Fig. 2 a Trajectories of fetal abdominal subcutaneous tissue thickness
(FSCTT); b Trajectories of FSCTT and abdominal circumference (AC)
ratio in pregnancies after gastric bypass (GB) and BMI-matched (BMIM)

or obese controls (OB). Solid line represents a trend curve derived by
locally weighted regression
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understanding of fetal development in pregnancy after weight
loss surgery: In the past, several studies found that prenatally
reduced abdominal adipose tissue thickness is associated with
low birthweight and decreased skinfold thickness [15–18],
and hence predictive for impaired nutrition status of the new-
borns [11]. Moreover, increased fetal subcutaneous fat tissue
is known to be a consequence of maternal diabetes and was
shown to be more closely related with poor glycemic control
than neonatal birth weight [16], suggesting that alterations in
maternal glucose metabolism after bariatric surgery contribute
to our observation of altered fetal subcutaneous fat trajecto-
ries. This is also supported by another recent study on women
after GB indicating that birthweight percentiles are related to
maternal hyperinsulinemia and glucose nadir levels during a
3-h 75 g OGTT [19]. However, although postprandial hypo-
glycemia during a routinely performed 2 h OGTT was fre-
quently observed in the present study, we failed to identify a
clear association with reduced FSCTT. While a causal rela-
tionship between glycemic alterations and fetal development
is obvious, we suggest that more detailed longitudinal exam-
inations of glucose metabolism during pregnancy after GB
would be essential to clarify this topic. Only one recent study
using continuous subcutaneous glucose monitoring (CGM) in
pregnant women with history of GB reported elevated post-
prandial glucose peaks followed by a rapid fall until 120 min
after ingestion, suggesting considerable high amount of glu-
cose variability in real-life conditions [20]. However, a de-
tailed analysis of possible associations between glucose me-
tabolism and fetal development was not provided in this study.

Some studies observed that time to pregnancy after bariat-
ric surgery, as well as pre-pregnancy weight loss, was associ-
ated with perinatal complications [21]. Therefore, several au-
thors recommended to delay pregnancy for at least 12 to
18 month after bariatric operation as pregnancy within this
catabolic time frame might lead to altered nutritional supply,
and therefore triggering the development of SGA infants [22,
23]. In contrast, others found no differences in neonatal birth
weight and adverse pregnancy outcomes between women
who conceived within the first postoperative year and those
who conceived later [24]. This is also corroborated by our
study indicating that reduced FSCTT in offspring of GB
mothers was independent of pre-pregnancy weight loss and
time since bariatric surgery.

While the association between maternal history of GB and
reduced abdominal adipose tissue was remarkable in our
study, we were not able to identify a simple explanation for
this observation. Although some possible contributors (like
maternal serum lipids) are not accessible due to the retrospec-
tive study design, we assume a multifactorial genesis with
altered metabolism as the most important factor. This applies
to women who suffer from other diseases as well: Due to
chronic exposure of malnutrition [25, 26], women with eating
disorder are at risk for fetal growth delay, comparable to our

observation in women after bariatric surgery. Fetal malnutri-
tion and growth delay (whether caused by bariatric surgery,
eating disorder or other causes) is assumed to be associated
with health consequences in the offspring’s later life possibly
due to an epigenetic response to fetal nutrition deficiency [27,
28] indicating need for further research and long-term obser-
vations in this population.

In summary, we observed markedly reduces abdominal ad-
ipose tissue thickness in fetuses of mothers with history of
bariatric surgery. While the underlying principles for this obser-
vation are not fully understood, a multifactorial genesis includ-
ing nutritional deficiencies and altered metabolism after bariat-
ric surgery may be the most suitable explanation. Further re-
search is warranted to follow up infants of mothers with history
of bariatric surgery to assess possible long-term health effect.
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