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ARTICLE HIGHLIGHTS

• Both Roux-en-Y gastric bypass (RYGB) and pregnancy markedly alter glucose metabolism, but evidence on glu-
cose metabolism in pregnancy after RYGB is limited.

• We investigated glucose profiles by continuous glucose monitoring during pregnancy and postpartum in women
treated with RYGB and control participants matched on prepregnancy BMI and parity.

• Women treated with RYGB spent approximately a twofold increased time above range and slightly increased
time below range throughout pregnancy, causing a significant reduction in time in range compared with matched
control participants.

• Longer surgery-to-conception interval, lower nadir weight, and greater weight loss may be warning signs of risk
of hypoglycemia in pregnancy.
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OBJECTIVE

Roux-en-Y gastric bypass (RYGB) and pregnancy markedly alter glucose metabo-
lism, but evidence on glucose metabolism in pregnancy after RYGB is limited.
Thus, the aims of the Bariatric Surgery and Consequences for Mother and Baby in
Pregnancy study were to investigate interstitial glucose (IG) profiles during preg-
nancy, risk factors associated with hypoglycemia, and the association between
fetal growth and hypoglycemia in pregnant women previously treated with
RYGB, compared with control participants.

RESEARCH DESIGN AND METHODS

Twenty-three pregnant women with RYGB and 23 BMI- and parity-matched preg-
nant women (control group) were prospectively studied with continuous glucose
monitoring in their first, second, and third trimesters, and 4 weeks postpartum.
Time in range (TIR) was defined as time with an IG level of 3.5–7.8 mmol/L.

RESULTS

Women with RYGB were 4 years (interquartile range [IQR] 0–7) older than control
participants. Pregnancies occurred 30 months (IQR 15–98) after RYGB, which in-
duced a reduction in BMI from 45 kg/m2 (IQR 42–54) presurgery to 32 kg/m2

(IQR 27–39) prepregnancy. Women with RYGB spent decreased TIR (87.3–89.5%
vs. 93.3–96.1%; P < 0.01) owing to an approximately twofold increased time
above range and increased time below range (TBR) throughout pregnancy and
postpartum compared with control participants. Women with increased TBR had
a longer surgery-to-conception interval, lower nadir weight, and greater weight
loss after RYGB. Finally, women giving birth to small-for-gestational age neonates
experienced slightly increased TBR.

CONCLUSIONS

Women with RYGB were more exposed to hypoglycemia and hyperglycemia during
pregnancy compared with control participants. Further research should investigate
whether hypoglycemia during pregnancy in women with RYGB is associated with de-
creased fetal growth.

Although Roux-en-Y gastric bypass (RYGB) increases fertility and decreases the risks
associated with obesity in pregnancy (1,2), RYGB is also associated with alterations in
glucose metabolism (3). Nutrients are delivered to the jejunum less digested, and a
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rapid secretion of glucagon-like peptide 1
causes a subsequent augmented insulin
release that results in a disproportion in
glucose and insulin levels with risk of post-
prandial hypoglycemia, also known as post
bariatric hypoglycemia (PBH) (3,4).
During a normal pregnancy, placental

hormones and adipokines cause metabolic
changes that affect insulin sensitivity (5). In
early pregnancy, insulin secretion increases,
and insulin sensitivity decreases, remains
unchanged, or increases (5,6). As preg-
nancy advances, insulin secretion is further
increased, and insulin sensitivity decreases
(5–7). There is limited evidence for the ef-
fects of these modifications on the altered
glucose profiles caused by RYGB and the
risk of PBH.
Our recent meta-analysis indicated that

58% of pregnant women previously treated
with RYGB are exposed to PBH, defined as
glucose levels <3.3 mmol/L (8). To our
knowledge, only six research centers
have investigated glucose profiles by
testing once in mid pregnancy with an
oral glucose tolerance test (OGTT) or
continuous glucose monitoring (CGM)
in pregnant women treated with RYGB
(8). Most studies have investigated the
validity and complications of the OGTT
regarding diagnosis of gestational dia-
betes (GD), reporting PBH as a second-
ary outcome (9–11).
Predictive factors for PBH have been

described in nonpregnant, postbariatric
populations (12,13). RYGB, female sex,
young age at surgery, absence of pre-
surgery diabetes, lower presurgery BMI,
lower nadir BMI, and percentage of to-
tal weight loss (%TWL) are associated
with increased risk of PBH (12,13). Simi-
lar data do not appear to be available in
pregnant women even though identify-
ing risk factors for PBH may be key to
prevention.
Increased risk of fetal growth restric-

tion is evident in pregnancies after RYGB
(14). Insufficient gestational weight gain
(GWG) has been associated with small-
for-gestational age (SGA) neonates, but it
does not account for all cases (15,16). Ma-
ternal micronutrient deficiencies due to
malabsorption have also been suggested,
but an association with SGA has not been
confirmed (15,17). Hypoglycemia has been
suggested as a contributing factor to de-
creased fetal growth, but the evidence is
conflicting. Gohier et al. (18) found an asso-
ciation between SGA neonates and de-
creased time below range (TBR) during

CGM, and several other studies in which
OGTT was used found a positive associa-
tion between maternal glucose levels and
birth weight (11,19,20).

Owing to the limited evidence on the
effect of RYGB on glucose metabolism
during pregnancy, we performed a pro-
spective study comparing women who
had undergone RYGB prior to pregnancy
with pregnant matched control partici-
pants to determine the following un-
knowns: 1) whether CGM metrics (time
in, below, or above range) differ between
women treated with RYGB and properly
matched pregnant women during preg-
nancy; 2) whether CGM metrics vary dur-
ing the course of pregnancy and the
postpartum period; 3) whether prepreg-
nancy, presurgery, or postsurgery charac-
teristics are associated with PBH; and 4)
whether exposure to PBH is associated
with decreased fetal growth.

RESEARCH DESIGN AND METHODS

Study Population
This study was conducted as part of the
Bariatric Surgery and Consequences for
Mother and Baby in Pregnancy (BAMBI)
study, which is a prospective, observational
study registered with ClinicalTrials.gov
(identifier NCT03713060), consisting of
pregnant women treated with RYGB prior
to pregnancy as well as pregnant women
matched for age, parity, and prepregnancy
BMI, who were the control group. Recruit-
ment was performed at Odense Univer-
sity Hospital (Odense, Denmark) from April
2019 to November 2021.

Women aged 18 to 45 years with a sin-
gleton pregnancy were included in the
study before 14 weeks of gestation. Preg-
nancies resulting in miscarriage, termina-
tion, stillbirth, or delivery of a phenotypically
abnormal infant were excluded. Tobacco
consumption, alcohol consumption, se-
vere psychiatric or medical comorbidities,
pregestational diabetes, and overt diabe-
tes at the beginning of the study were
also causes of exclusion. However, women
with GD in a previous pregnancy were not
excluded. All matched control participants
underwent a 2-hour, 75-g OGTT at 24weeks
of gestation.

Of the 23 women with RYGB, 14, 7,
and 2 underwent surgery in the public
health care system in the Region of South-
ern Denmark and at private hospitals in
Denmark and in Belgium, respectively. We
extracted the women’s medical history,

including characteristics of RYGB surgery
when possible, and validated the data
by interview.

Continuous Glucose Monitoring
We monitored interstitial glucose (IG)
levels for 10 days in gestational weeks
12–14, 24, and 34, as well as 4–6 weeks
postpartum. The Dexcom G6 sensor (Dex-
com, Inc., San Diego, CA) was inserted in
the subcutaneous tissue on the abdomen,
and it provided 288 readings per day
(1 every 5 minutes). We excluded data
during the initial 24 h of monitoring due
to the suboptimal accuracy of the device.
The mean, SD and coefficient of variation
values, as well as time in range (TIR),
time above range (TAR), TBR, and time
with very low IG levels were determined.
Calculations were performed for 24 h,
daytime (06:00 to 23:59), and nighttime
(00:00 to 05:59). According to the inter-
national consensus on glucose targets
in pregnancy, an IG level in target range
and a very low IG level were defined as
3.5–7.8 mmol/L and <3.0 mmol/L, respec-
tively (21), based on data from type 1 dia-
betes, because established target values do
not exist for pregnant women or women
treated with RYGB.

Fetal Growth
Gestational age was based on ultrasonogra-
phy performed before gestational week 14.
SGA and large-for-gestational age (LGA)
neonates were defined by birth weight
below the 10th or above the 90th percen-
tile, respectively, according to sex- and ges-
tational age–adjusted Scandinavian growth
references (22).

Statistical Analyses
Data were collected andmanaged using the
Research Electronic Data Capture (REDCap)
software hosted at Open Patient Data Ex-
plorative Network (OPEN), Odense Uni-
versity Hospital (Odense, Denmark). For
continuous variables, medians and inter-
quartile ranges (IQR) were calculated and
compared between groups by the Wil-
coxon rank-sum test. For TIR, TAR, and
TBR, all CGM measurements were pooled
for the two groups, and means and SDs
were calculated. Categorical variables are
presented as counts and percentages, and
they were compared by the Fisher exact
test. The Cuzick test was applied to test
trends across ordered groups during the
course of pregnancy. Trimester-specific
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24-h IG profiles were calculated by pool-
ing 30-min IG means of each participant
followed by calculating group means of
30-min intervals. The mean IG level of the
matched control participants was sub-
tracted from the mean IG level of the
women with RYGB to determine the
mean difference between groups. The SEs
of the difference in means were used to
calculate 95% CIs.

To assess the predicting effects of
prepregnancy, presurgery, and postsur-
gery clinical parameters on PBH in preg-
nancy after RYGB, regression analyses
were performed. The prepregnancy clini-
cal parameters included age at concep-
tion, prepregnancy BMI, parity, gravidity,
and assisted reproductive conception.
Surgical clinical parameters included age
at surgery, surgery-to-conception inter-
val, presurgery BMI, post-surgery nadir
BMI, post-surgery nadir weight, excess
weight loss, and %TWL. Additionally, tim-
ing of measurement during pregnancy
and postpartum, as well as whether RYGB
had been performed, were assessed as
predictive factors. Owing to the repeated
measurements over time for each partici-
pant, mixed-effects logistic regression was
performed to determine whether time in
hypoglycemia (<3.0 mmol/L and <3.5
mmol/L) was increased. All analyses were
performed using Stata Statistical Software,
Release 16 (StataCorp LLC, College Station,
TX).

Ethical Approval
The BAMBI study was approved by the
local ethics committee of the Region of
Southern Denmark (27 July 2017; ap-
proval no. S-20160134). All participants
provided written informed consent.

RESULTS

In total, 50 pregnant women were con-
secutively enrolled in the BAMBI cohort.
During the study period, 4 women (1 with
RYGB and 3 matched control participants)
dropped out of the study because of
miscarriage (n = 2), fear of contracting
COVID-19 (n = 1), and nausea or vomit-
ing (n = 1). As a result, 46 women were
included in the BAMBI cohort, with 23
women in each group (matched 1:1).
The characteristics of the study popula-
tion are described in Table 1. The groups
were properly matched for BMI, parity,
fertility treatment, smoking, alcohol con-
sumption, former GD, and diabetes.

Because matching ages was difficult, the
women treated with RYGB were 4 years
(IQR 0–7) older than the matched control
participants.

The median surgery-to-conception in-
terval was 30 months (IQR 15–89). Before
entering pregnancy, the women treated
with RYGB had lost 82% of their excess
body weight, corresponding to a reduc-
tion in median BMI from 45 kg/m2 (IQR
42–54) presurgery to 32 kg/m2 (IQR
27–39) prepregnancy. For the majority of
the RYGB group (78%), the studied preg-
nancy was the first after their surgery.
Fewer women treated with RYGB (n = 4;
17%), compared with the matched con-
trol participants (n = 8; 35%; NS),
achieved an appropriate GWG according
to the Institute of Medicine’s recommen-
dations (23). The women treated with
RYGB, who did not achieve appropriate
GWG were evenly distributed with insuffi-
cient and excessive GWG, whereas the
majority of the matched control partici-
pants had excessive GWG (Supplementary
Table 1).

Among the women treated with RYGB,
2 were exposed to recurrent events of se-
vere PBH, and offspring of these women
had neonatal hypoglycemia upon delivery.
Only 1 woman had an unexplained syn-
cope, which was clinically suspected to be
caused by PBH but not verified. Several
women reported symptoms suspicious of
hypoglycemia prior to pregnancy, but
were never diagnosed, and one woman
struggled with symptoms for years but
lacked blood glucose measurements.
None of the women in the matched
control group had symptomatic hypogly-
cemia before or during the study period.
There were no significant differences in
obstetric outcomes between the groups
(Supplementary Table 1). During preg-
nancy, 2 women with RYGB and 1 matched
control participant were diagnosed with
GDM according to national guidelines by
meal-related, self-monitoring of blood glu-
cose and OGTT, respectively.

CGM During Pregnancy and
Postpartum
No significant differences were found when
comparing the medians of mean IG levels,
which ranged from 5.4 to 6.0 mmol/L for
both groups during pregnancy and post-
partum. Compared with matched control
participants, TIR was significantly lower
among women treated with RYGB, due
to an increase in TAR and TBR (Table 2

and Fig. 1). TAR was increased by approxi-
mately twofold throughout pregnancy and
the postpartum period among women
treated with RYGB (Table 2 and Fig. 1).
During the entirety of pregnancy and the
postpartum period, 11 (48%) of the
women treated with RYGB had a TBR
greater than the international consensus
for type 1 diabetes in pregnancy of 4%,
compared with 2 (9%) of the matched
control participants (P < 0.01) (20). Simi-
larly, 11 (48%) of the women treated
with RYGB spent increased time with IG
levels <3.0 mmol/L vs. 1 (4%) in the
matched control group (P < 0.01). TBR
increased from the first trimester to the
second and third trimesters, but TBR de-
creased in the postpartum period to less
than TBR in early pregnancy (Table 2
and Fig. 1).

Compared with the matched control
group, the glycemic variability (coeffi-
cient of variation) was significantly higher
among women treated with RYGB, as a
result of increased diurnal glycemic vari-
ability (Supplementary Table 2). Women
treated with RYGB had a significantly lower
nocturnal IG level (Fig. 2), and their mean
nocturnal IG level significantly decreased
during the course of pregnancy (Fig. 2
and Supplementary Table 2). In the post-
partum period, the median of mean noc-
turnal IG levels increased to a level higher
than that of the first trimester (Fig. 2 and
Supplementary Table 2). Among the
matched control participants, the me-
dian of mean nocturnal IG levels signifi-
cantly increased from the first trimester
to the postpartum period.

Table 2 shows that there were no dif-
ferences in the timing of CGM between
the groups, and the application of CGM
adhered to the BAMBI study protocol.
The percentage of active CGM time was
significantly lower among women treated
with RYGB throughout pregnancy and the
postpartum period compared with the
matched control group, but the active
CGM time exceeded the minimum rec-
ommendation of 70% by the interna-
tional consensus on all occasions (21).

Risk Factors for Hypoglycemia
Compared with matched control partici-
pants, women treated with RYGB before
pregnancy had an increased risk of in-
creased time below the international con-
sensus target (both <3.5 and <3.0 mmol/L;
odds ratio [OR] 10.2; 95% CI 2.0–51.8).
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Increased prepregnancy body weight
was associated with less time in hypogly-
cemia (OR 0.9; 95% CI 0.8–0.9).
Univariate analysis of women treated

with RYGB indicated that increased time
in hypoglycemia was associated with a lon-
ger surgery-to-conception interval (OR 89
[IQR 30–123] vs. 21 [IQR 9–35] months;
P = 0.01), a lower nadir weight postsurgery
(OR 77 [IQR 62–92] vs. 85 [IQR 80–106] kg;
P = 0.04), and greater weight loss
(%TWL 45% [IQR 36%–52%] vs. 33%
[IQR 29%–35%]; P = 0.01) compared
with women without increased time in

hypoglycemia (Supplementary Table 3). In
themultivariate analysis, none of the vari-
ables remained as independent predictive
factors for hypoglycemia.

Hypoglycemia and Fetal Growth
All the neonatal anthropometrics were
lower (i.e., birth weight, abdominal circum-
ference, and length) in the offspring of
women treatedwith RYGB, but these differ-
ences were not significant (Supplementary
Table 1).The median differences of the me-
dian birth weights were 275 g (IQR�640 to
75). Compared with 1 neonate (4%) of

matched control participants, 6 neonates
(26%) of women treated with RYGB were
SGA (NS), whereas 2 neonates (9%) of
matched control participants were LGA
compared with 3 neonates (13%) (NS)
of women treated with RYGB.

Women treated with RYGB who gave
birth to SGA neonates spent slightly in-
creased time in both low and very low
ranges compared with those who deliv-
ered appropriate-for-gestational age and
LGA neonates. Furthermore, these women
had a decreased TAR (Supplementary
Figure 1). In contrast, women treated

Table 1—Maternal characteristics and birth outcome

Women with RYGB Matched control group P

Participants, n (%) 23 (50) 23 (50)

Maternal age, years 35 (31–38) 30 (26–32) <0.01

Prepregnancy BMI, kg/m2 32 (27–39) 33 (28–40) 0.88

Prepregnancy BMI groups, n (%)

18.5–24.9 2 (9) 2 (9) 1.00
25–29.9 4 (17) 4 (17)
30–34.9 8 (35) 8 (35)
35–39.9 4 (17) 4 (17)
$40 5 (22) 5 (22)

Nulliparity, n (%) 14 (61) 14 (61) 1.00

Mode of conception, assisted reproductive techniques, n (%) 5 (22) 2 (9) 0.41

Smokers, n (%) 0 (0) 0 (0) 1.00

Alcohol consumption, n (%) 0 (0) 0 (0) 1.00

Previous gestational diabetes, n (%) 1 (4) 1 (4) 1.00

Previous diabetes, n (%) 0 (0) 0 (0) 1.00

Age at surgery, years 29 (27–35)

Surgery-to-conception interval, months 30 (15–89)

Presurgery weight, kg 130 (117–157)

Nadir weight postsurgery, kg 81 (68–99)

Nadir BMI postsurgery, kg/m2 28 (24–33)

Presurgery BMI, kg/m2 45 (42–54)

Presurgery BMI groups, n (%)

18.5–34.9 1 (4)
35–39.9 3 (13)
40–44.9 7 (30)
45–49.9 5 (22)
$50 7 (30)

%TWL 35 (31–45)

%EWL 82 (70–104)

Gestational length, weeks1days 3913 (3812–4011) 3916 (3910–4012) 0.24

Birth weight, g 3,365 (3,035–3,695) 3,630 (3,355–3,920) 0.08

SGA, n (%) 6 (26) 1 (4) 0.10

LGA, n (%) 3 (13) 2 (9) 1.00

Admission to neonatal intensive care unit 4 (17) 4 (17) 1.00

Data are presented as median (IQR) unless otherwise indicated. %EWL, percentage of excess weight loss.
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with RYGB who gave birth to LGA neo-
nates spent less time in the low and
very low range as well as more TAR.

Supplementary Figure 2A shows that
the women who gave birth to SGA neo-
nates, among those treated with RYGB,
had lower mean IG levels during both
the second and third trimesters, com-
pared with those who did not give birth
to SGA neonates. In contrast, compared
with women treated with RYGB who did
not give birth to LGA neonates, women
who gave birth to LGA neonates had
higher IG levels on most of the days when
levels were measured during the second
and third trimesters (Supplementary Figure
2B). In the postpartum period, the women
who gave birth to SGA neonates had
lower mean IG levels almost 24 h/day,
with levels in 24% of the 24 h being signif-
icantly lower. Contrarily, the women who
gave birth to LGA neonates had higher
mean IG levels, with 5% of levels being
significantly higher.

CONCLUSIONS

To our knowledge, this is the first study
on CGM dynamics throughout pregnancy
and the postpartum period in women
treated with RYGB. Our findings demon-
strated that women with RYGB had de-
creased TIR throughout pregnancy and
postpartum compared with matched con-
trol participants, predominantly due to a
twofold increase in TAR. Hypoglycemic
metrics were slightly increased in mid and
late pregnancy. Furthermore, the findings
demonstrated a decreasing nocturnal IG
level during the course of pregnancy in
women with RYGB, with an increase in
the postpartum period. Women with lon-
ger surgery-to-conception intervals, lower
nadir weight, and greater weight loss after
RYGB had increased time in hypoglycemia.
Finally, women who gave birth to SGA
neonates had slightly increased TBR than
those who did not.

Remarkably, the percentage of time
women with RYGB spent above range cor-
responds to previously reported data for
women with GD(24), but only 2 women
with RYGB were diagnosed with GDM by
capillary blood glucose profiles. Screening
of GD in these women is lacking evidence,
resulting in potential underdiagnosis (25).
These results call for further investigation.

Owing to the enhanced insulin sensitiv-
ity in early to mid-pregnancy (5,26,27), one
may expect the risk of PBH to be increased
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at this time point. Surprisingly, an increase
in both TBR and time spent in the very
low range was evident in the second and
third trimesters comparedwith the first tri-
mester among women treated with RYGB.
Furthermore, nocturnal IG levels signifi-
cantly decreased as pregnancy advanced.

Because insulin resistance is expected to
decrease in the postpartum period (24),
one may expect an increase in the hypo-
glycemic metrics. Instead, the median
nocturnal IG levels and TAR values in-
creased to levels higher than that of early
pregnancy, and the hypoglycemic metrics

decreased. In contrast, the matched con-
trol participants experienced a modest
decrease in TIR during pregnancy, mainly
due to an increase in TAR, corresponding
to a decrease in insulin sensitivity. Thus,
even though affected by pregnancy, the
metabolic changes of RYGB significantly
affect glucose profiles in pregnancy.

Use of CGM is expanding (21), but eas-
ily accessible metrics and their reference
values are fundamental prerequisites for
CGM use in clinical practice. In 2019, an
international consensus issued reference
values for TIR in pregnancy (21) but only
included reference values for type 1 dia-
betes in pregnancy, which may vary from
the optimal targets for the pregnant
women without diabetes in the BAMBI
cohort. The evidence for TIR for healthy
pregnant women, women with type 2 di-
abetes in pregnancy, and those with GD
is limited (21). Supplementary Table 4 dis-
plays the CGM metrics for the matched
control participants without GD for future
reference of CGM metrics in healthy,
obese, pregnant women.

In the third trimester, which had the
worst clinical target adherence, thematched
control participants had a TIR, TAR, and TBR
of 93.5%, 5.8%, and 0.8%, respectively.
Given that the women were not encour-
aged to change their lifestyle as part of
the BAMBI protocol, the 3.5–7.8 mmol/L

–

First trimester Second trimester Third trimester 4–6 weeks postpartum

Figure 1—Distribution of CGM data according to trimester or postpartum. Data are reported in percentages. Adapted from the international con-
sensus on glucose targets in pregnancy with type 1 diabetes, because no target values exist on glucose range in pregnancies after RYGB (21).
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Figure 2—Difference in mean temporal glucose levels across the 24-h day between women with
RYBG and matched control participants. Solid lines with 95% CIs (gray areas) represent the mean IG
level of the women with RYBG minus the mean IG level of the matched control participants. The CI
surrounding the mean is based on the SE of the difference in means between groups. Dashed zero
line indicates no difference in means. *Significant differences with 95% CIs.
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target seemed easily achievable during
pregnancy for the matched control partic-
ipants despite the majority of the women
being obese.

In accordance with a recent study in a
nonpregnant, post bariatric population
(12), we found that an increased weight
loss and lower nadir weight post surgery
were associated with increased time in
hypoglycemia. Furthermore, younger age
and female sex have been suggested as
independent predictive factors of PBH
(12,13).We found no difference in age at
surgery for the women with and without
increased time in hypoglycemia. Because
of the nature of the BAMBI study per-
taining to pregnancy, the BAMBI cohort
represents the younger part of the popu-
lation treated by RYGB. According to the
Sixth International Federation for the Sur-
gery of Obesity and Metabolic Disorder
2021 registry report covering 50 countries
worldwide, themedian age for bothwomen
and all patients undergoing bariatric sur-
gery is 42 years (IQR 33–51) (28), which
may prevent differences within our se-
lected population. Without detection of
independent predictive factors of hypogly-
cemia in pregnancy after RYGB, the pre-
surgery counseling of women who want
to undergo bariatric surgery before getting
pregnant is difficult. Nevertheless, longer
surgery-to-conception interval, a lower na-
dir weight, and greater weight loss may
serve as warning signs and should increase
awareness for clinicians.

According to the Pedersen hypothesis,
maternal hyperglycemia results in in-
creased fetal excretion of insulin, which,
in turn, acts as a growth factor and causes
fetal overgrowth (29). Consequently,women
with diabetes are at increased risk of giving
birth to LGA neonates (30). Similar to Gohier
et al. (18), we found that LGA neonates
were associated with an increased TAR
among pregnant women treated with
RYGB and the matched control partici-
pants in the present study. However, it
remains unclear whether hypoglycemia
causes decreased fetal growth, but an
increased risk of fetal growth restric-
tion among women who have under-
gone RYGB has been established (14).
Gohier et al. (18) reported that SGA is as-
sociated with reduced TBR, suggesting
that hypoglycemia is not a cause of de-
creased fetal growth. In contrast to the re-
sults of Gohier et al., we found a slightly
increased TBR and very low range among
the women treated with RYGB who gave

birth to SGA neonates (Supplementary
Fig. 1). This inconsistency may be caused
by hyperglycemia often preceding hypo-
glycemia in these women. The women
who did not give birth to SGA neonates
in the study by Gohier et al. (18) spent
more TAR compared with the women
who gave birth to SGA neonates. Even
though the women with RYGB spent ap-
proximately twofold increased time in
hyperglycemia compared with control
participants in the present study, they
still delivered fewer LGA neonates than
SGA neonates and had an increased risk
of delivering SGA neonates compared
with matched control participants. Thus,
even a small increase in time spent in hy-
poglycemia may outweigh hyperglyce-
mia in relation to fetal growth.

In addition to the increased risk of
SGA, a meta-analysis has shown that birth
weight is 226 g lower among women
treated with RYGB compared with control
participants (14). Our data yielded a me-
dian of differences in median birth weights
of 275 g (IQR �640 to 75). Nocturnal hy-
perglycemia has been reported among
pregnant women with GD who gave birth
to LGA neonates (26). In the present study,
the women treated with RYGB had signifi-
cantly lower nocturnal (23:00 to 08:00)
glucose levels, corresponding to at least
one-third of the day throughout preg-
nancy (Fig. 2). This phenomenon may ex-
plain why the neonates were smaller than
average without necessarily being SGA.

Interestingly, the present results show
that women treated with RYGB who had
SGA neonates had lower mean IG levels,
whereas women treated with RYGB who
had LGA neonates had higher mean IG
levels in both the second and third trimes-
ters (Supplementary Fig. 2A and B). These
tendencies persisted in the postpartum
period. Because the intrauterine environ-
ment no longer affects the neonate at this
point, the women may be predisposed for
a low or high IG level before pregnancy,
and perhaps these predisposing factors
cause both hypoglycemia and decreased
fetal growth. Nonetheless, it is likely that
both spending TBR and TAR has conse-
quences for fetal growth. Even though
this study was not powered for fetal out-
comes, the present results raise concern
and warrant larger prospective studies.
Furthermore, these findings encourage a
reduction in time spent in hypoglycemia,
which, in a clinical setting, would entail
raising awareness of symptoms among

these women and offering them relevant
dietary advice.

A strength of this study is the large
amount of data acquired by application of
CGM in each trimester and postpartum.
Because knowledge of CGM metrics in
normal pregnancy is lacking, the inclusion
of a matched control group was impor-
tant. Because the accuracy of glucose
monitors in the hypoglycemic range have
previously been questioned, we used the
Dexcom G6 sensor, which has been tested
for accuracy in pregnant women with dia-
betes and found to have acceptable accu-
racy in the hypoglycemic range (31).

The most important limitation was that
the CGM sensor can indicate false hypo-
glycemic IG levels when exposed to pres-
sure (31,32), which may occur in late
pregnancy if placed inappropriately on
the abdomen. This may potentially ac-
count for a few of the women in the con-
trol group during the third trimester, but
this bias was not suspected in the RYGB
group, in which most women were
marked by their substantial weight loss
with loose skin on the abdomen. None-
theless, given that it is impossible to dis-
tinguish between this phenomenon and
asymptomatic PBH in the women with
RYGB, periods suspicious of erroneously
low IG values were not excluded for either
group. Because the Dexcom G6 sensor
was not approved for application on the
upper extremities at the initiation of the
study, all women wore the Dexcom G6
sensor on the abdomen for all measure-
ments. In addition, because the Dexcom
G6 sensor’s urgent low IG alarm was
impossible to disable, the women were
alerted if their IG level dropped below
3.1 mmol/L, leading to an underestima-
tion if the women responded by ingest-
ing carbohydrates. For future studies,
blinded devices should be preferred. To
diminish the risk of compliance issues
with the extensive BAMBI protocol, we
did not collect data on dietary intake.
Moreover, the surgical techniques may
have undergone minor adaptations over
time, indicating that alterations in the
operation procedure may confound the
finding that TBR increased with longer
surgery-to-conception interval.

A nonpregnant control group consist-
ing of either the recruited women be-
fore pregnancy or after lactation period,
or female nonpregnant control partici-
pants matched for BMI and age, would
have allowed us to clarify whether the
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hypoglycemic metrics are lower before
pregnancy. However, the hypoglycemic
metrics may have been higher and then
decreased in early pregnancy before in-
creasing in late pregnancy.
The BAMBI study showed increased

glucose excursions in pregnancy after
RYGB, with increased time spent in both
hyper- and hypoglycemia compared with
control participants. Evidence-based guide-
lines for screening of GD are warranted,
given that the women with RYGB had
twofold increased TAR. Moreover, the
study adds to the growing evidence of
PBH as an appreciable complication in
pregnancy after RYGB. Research in larger
cohorts should investigate whether hypo-
glycemia during pregnancy in women
with RYGB is associated with decreased
fetal growth. The use of sleeve gastrec-
tomy, which results in fewer gastrointes-
tinal alterations and potentially lower risk
of hypoglycemia, has recently increased,
surpassing that of RYGB, thereby indicat-
ing the need for studies on the effects of
sleeve gastrectomy during pregnancy to
determine the optimal procedure for
women of childbearing age.
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