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Background and Objectives: By studying cardiometabolic risk factors in children born after ma-
ternal biliopancreatic diversion bariatric surgery (AMS) compared with those in children born
before maternal surgery (BMS), we tested the hypothesis that significant maternal weight loss may
modify obesity-related factors transmitted via the intrauterine environment.

Design: Anthropometry and fasting blood levels were studied in 49 mothers who had lost 36 =
1.8% body weight sustained for 12 = 0.8 yr and their 111 children (54 BMS and 57 AMS) aged
2.5-26 yr.

Results: AMS children had lower birth weight (2.9 = 0.1 AMS vs. 3.3 = 0.1 kg BMS, P = 0.003)
associated with a reduced prevalence of macrosomia (1.8 AMS vs. 14.8% BMS, P = 0.03) with no
difference in underweight. At the time of follow-up, AMS children exhibited 3-fold lower prev-
alence of severe obesity (11 vs. 35%, P = 0.004), greater insulin sensitivity (homeostasis model
assessment of insulin resistance index 3.4 = 0.3 vs. 4.8 = 0.5, P = 0.02), improved lipid profile
(cholesterol/high-density lipoprotein cholesterol 2.96 + 0.11 vs 3.40 = 0.18, P = 0.03; high-density
lipoprotein cholesterol 1.50 = 0.05 vs. 1.35 = 0.05 mmol/liter, P = 0.04), lower C-reactive protein
(0.88 = 0.17 vs. 2.00 * 0.34 pg/ml, P = 0.004), and leptin (11.5 = 1.5v5.19.7 = 2.5 ng/ml, P = 0.005)
andincreased ghrelin (1.28 = 0.06 vs.1.03 = 0.06 ng/ml, P = 0.005) than BMS offspring (AMS vs. BMS,
respectively, for all).

Conclusions: This unique study of children aged 2.5-26 yr born before and after maternal anti-
obesity surgery demonstrated improvements in cardiometabolic markers sustained into adoles-
cence, attributable to an improved intrauterine environment. (J Clin Endocrinol Metab 94:
4275-4283, 2009)

hronic overnutrition resulting in obesity is associated
with insulin resistance, dyslipidemia, atherosclerotic
vascular disease, and chronic low-grade inflammation. It
is a major contributor to causes of death in industrialized
nations, currently spreading globally. Women are partic-
ularly susceptible to developing obesity and have been
demonstrated to transmit the disease and its comorbidi-
ties to their offspring (1). Insulin resistance during preg-
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nancy increases the risk of life-long obesity and comor-
bidities in the offspring (2), indicating potential
intrauterine imprinting.

The most effective treatment for severe obesity is
weight-loss surgery (3). Biliopancreatic diversion (BPD) is
one of the most effective operations: it significantly re-
duces the morbidity and mortality associated with severe
obesity by inducing significant, long-term weight loss,

Abbreviations: AMS, After maternal surgery; ASP, acylation-stimulating protein; BF%,
body fat percentage; BMI, body mass index; BMS, before maternal surgery; BPD, bilio-
pancreatic diversion; CRP, C-reactive protein; HDL-C, high-density lipoprotein cholesterol;
HOMA-IR, homeostasis model assessment of insulin resistance; LDL-C, low-density lipopro-
tein cholesterol; TC, total cholesterol; TG, triglyceride; WC, waist circumference; WC/HT,
WC to height ratio.
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ameliorating type 2 diabetes, and correcting many features
of the metabolic syndrome (4).

Since 1984, BPD has been our obesity operation of
choice (5-7). The duodenum and proximal small intestine
are closed to food, diverting bile, and pancreatic secretions
to the distal small bowel resulting in decreased fat absorp-
tion (8, 9) and major changes in the secretion of gastro-
intestinal peptides (10-12). Superior outcomes of diver-
sionary procedures such as gastric bypass (13, 14) and
BPD (13, 14) are related to altered hormonal signals as-
sociated with obesity and food intake. Adipokines [such as
acylation-stimulating protein (ASP) and adiponectin] as
well as inflammatory peptides [C-reactive protein (CRP)
and IL-6] and satiety-related hormones (leptin and ghre-
lin) play important roles in the pathophysiology of obe-
sity, insulin resistance, dyslipidemia, and chronic low-
grade inflammation (15).

In a pilot study, we found children born after their
mother’s BPD weight loss surgery had significantly lower
prevalence of obesity than their siblings born to severely
obese mothers before BPD surgery (16). However, the
study was limited in the absence of metabolic data. The
present study of offspring detects persistent differences in
anthropometry, blood lipids, glycemia, and metabolic
hormones regulating central, adipose tissue and gut func-
tion in relation to mothers’ pre- and postoperative status.

Subjects and Methods

Study design, patient recruitment, and sample
collection

A cross-sectional study was used to evaluate children born to
mothers who had undergone bariatric weight loss surgery. Based
on follow-up records of 2054 women who had BPD between
1984 and 2005, 161 gave birth to 245 children. We contacted
women to participate based on the following criteria: 1) residing
within about 200-250 km of Québec City; 2) had children cur-
rently between ages 2.5 and 25 yr old; 3) all mothers with chil-
dren born both before and after surgery (42 women available);
and 4) additional mothers with children born either before ma-
ternal surgery (BMS) or after maternal surgery (AMS), matched
for age and sex. Subjects were recruited between July 2007 and
January 2008, and all mothers (n = 49), BMS (n = 54),and AMS
(n = 57) children with complete data (including blood samples)
were included in the analysis. The children were separated into
two groups according to whether they were born before their moth-
er’s bariatric surgery (BMS) or after their mother’s bariatric surgery
(AMS). Most were singleton births, with three sets of BMS twins
and two sets of AMS twins. There were 25 mothers with siblings
born both before and after surgery (37 BMS and 38 AMS). No
intervention, surgical or otherwise, was performed on the chil-
dren, and no child had any debilitating disease. Maternal pre-
surgical data were obtained from the bariatric surgery database
at Hopital Laval. In the present study, 13% of the women had
BPD with distal gastrectomy (6) and 87% had BPD with sleeve
gastrectomy and duodenal switch (35).

Maternal Surgical Weight Loss Effects on Children
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Mothers and children attended Hopital Laval, their doctor’s
office, or a regional hospital for assessment. Anthropometric
values were obtained; body fat percentage using bioelectrical
impedance (Tanita; Arlington Heights, IL), was assessed at Ho6-
pital Laval (n = 58 participants). Mothers reported data by per-
sonal interview regarding pregnancies (length of gestation, ges-
tational weight gain, complications, cesarean sections); offspring
perinatal health (stillbirth, malformation, birth weight and
length, breast-feeding); and food-related issues (preoccupation
with weight, diet, change in family meal quality or quantity).
Study procedures were approved by the Ethics Committee of
Hépital Laval and appropriate patient consent was obtained
from all subjects.

Plasma analyses

Fasting blood samples were drawn into EDTA-containing
tubes. The clinical biochemistry laboratory measured fasting
plasma glucose, triglycerides (TG), total cholesterol (TC), low-
density lipoprotein cholesterol (LDL-C) and high-density li-
poprotein cholesterol (HDL-C). The research laboratory
measured insulin, adiponectin, leptin, and ghrelin using radio-
immunological assays (Millipore, Bedford, MA). CRP was mea-
sured using a commercially available ELISA (Millipore). Only
CRP values under 10 pg/ml were included in the analysis (17).
ASP was measured using an in-house ELISA method as previ-
ously reported with the following modification: standards (in-
cluding the blank), samples, and controls were diluted in a 1%
solution of BSA-PBS instead of PBS alone (18).

Definition of obesity

Prevalence of obesity in children was adjusted for age and
gender and categorized based on body mass index (BMI; kilo-
grams per square meter) percentile using charts from the Na-
tional Health and Nutrition Examination Survey 2000 (19). For
offspring younger than 20 yr, underweight was defined as BMI
at the fifth percentile or less, normal as fifth to 84.9th percentile,
overweight as 85-94.9th percentile, obesity as 95-97.9th per-
centile, and severe obesity as 98th percentile or greater. For chil-
dren older than 20 yr, underweight was defined as BMI of 18.5
kg/m? or less, overweight as 25-29.9 kg/m?, obesity as 30-34.9
kg/m?, and severe obesity as 35 kg/m? or greater. Owing to the
relatively small number of offspring, we combined underweight
and normal-weight children with BMI percentiles less than 85
and overweight and obese children in the 8 5th to 98th percentile
into two groups, N and O, respectively. Children with a BMI
greater than the 98th percentile were termed severely obese, con-
stituting a third group (SO). We also evaluated body size ac-
cording to BMI z-score using charts from the Centers for Disease
Control and Prevention (20), waist circumference (centimeters)
to height (centimeters) ratio (WC/HT) standardized according
to the American Academy of Pediatrics (21), and percent body
fat (22).

Statistics

Continuous variables were compared using two-tailed # test
or one-way ANOVA with Newman-Keuls post hoc test. Cate-
gorical variables were compared by x* or Fisher exact test. To
relate parameters with z-score in BMS or AMS children, respec-
tively, multiple regression analyses were performed using two
independent variables. The first variable, z-score, was defined as
quantitative and the second variable, BMS or AMS status, was
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qualitative. Interaction effect was introduced in the statistical
model to evaluate statistically significant differences between
regression lines. Multiple regression using best subset analysis
was also used to evaluate the independent contribution of indi-
vidual factors. For all analyses, P < 0.05 was considered statis-
tically significant. Statistical analysis was done using SigmaStat
3.5 (Systat Software Inc., Chicago, IL) and GraphPad Prism
(GraphPad Software Inc., La Jolla, CA).

Results

Mothers after BPD had reduced weight and
improved metabolic profile

Mothers after BPD surgery were 41.2 + 0.8 yr of age
and 12.1 * 0.8 yr postoperative, with significantly lower
body weight, BMI, glucose, and lipids compared with be-
fore surgery (supplemental Table S1). We also measured
the following parameters at the time of the study only
(after BPD): adiponectin (20.8 = 1.4 ug/ml), ASP (39.1 =
6.0 nm), CRP (1.16 = 0.29 (ug/ml), ghrelin (0.65 = 0.04
ng/ml), insulin (12.1 = 0.91 wU/ml), homeostasis model
assessment of insulin resistance (HOMA-IR;2.58 = 0.23),
leptin (13.37 = 1.44 ng/ml), waist circumference (WC)
(95.4 = 2.7 cm), hip circumference (111.1 = 2.9 cm), and
waist to hip ratio (0.87 = 0.01). All plasma values were
comparable with ranges we reported previously in post-
bariatric surgery women (13). None of the parameters
correlated with the number of years since surgery, in-
dicating stable metabolic changes over time. There were
no significant changes in dietary habits after surgery
compared with before surgery (self-reported, data not
shown).

Improved pregnancy outcome after BPD

BPD reduced the number of pregnancy complications:
gestational diabetes mellitus, gestational hypertension,
and preeclampsia occurred in 7.7, 19.6, and 26.9% of
pregnancies, respectively, before BPD, with no occur-
rences in post-BPD pregnancies (supplemental Table S2).
Only four women (all before BPD) had known diabetes.
There was a reduction in vomiting (15.4% before BPD vs.
1.9% after BPD, P = 0.03) and pregnancy-related hospi-
talization (30.0% before BPD vs. 7.7% after BPD, P =
0.008). As expected, there was a greater number of
primipara among pre-BPD compared with post-BPD preg-
nancies, but no difference in complications for primipara.
Incidence of anemia during pregnancy (7.5% before BPD
vs. 16.4% after BPD, P = NS) and pregnancy duration
were not different. BPD significantly reduced prepreg-
nancy weights of the mothers. Gestational weight gain was
significantly less after (6.6 * 8.9 kg) compared with before
BPD (13.4 = 12.3 kg; P < 0.0001). There were no differ-
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ences in number of miscarriages or stillbirths in pre-BPD
vs. post-BPD pregnancies (data not shown).

Effects of maternal biliopancreatic diversion
weight loss surgery on offspring

Children were classified as BMS or AMS (Table 1).
There was no difference in gender distribution and no
difference in age between boys and girls within each group
(BMS boys 16.3 = 0.9 yr vs. girls 15.8 = 0.9 yr P = NS;
AMS boys 10.4 = 0.7 yr vs. girls 11.0 = 0.8 yr, P = NS).
Any differences when genders were analyzed separately
are noted in the text. Analyses were done with the entire
group (siblings and nonsiblings); however, analysis of sib-
lings only yielded similar results (not shown).

Perinatal parameters: AMS children had reduced
birth weight

At birth, AMS children weighed less than BMS chil-
dren, with no difference in length (Table 1). Macrosomia
(birth weight >4 kg) was reduced from 14.8% in BMS
children to 1.8% in AMS children (P = 0.03, x?). Exclud-
ing children born with macrosomia from the analyses pre-
sented below did not change the results (data not shown).
Prevalence of low birth weight (<2.5 kg, BMS 11.1% vs.
AMS 17.5%) and duration of breast-feeding were not sig-
nificantly different. There were no significant correlations
between birth order or maternal age at birth and any of the
birth data, anthropometric, or plasma variables presented
below (data not shown).

AMS children had reduced BMI z-score vs. BMS
children

BMS children were significantly older than AMS children;
however, both prepubertal and postpubertal children were
represented in both groups (Table 1). BMS children weighed
more and were taller than AMS children (data not shown).
Using age- and gender-normalized parameters, AMS chil-
dren had a lower BMI percentile and z-score than BMS chil-
dren, with no difference in height percentile. Results were the
same when comparing BMS boys with AMS boys, although
there was no difference in BMI percentile or z-score between
BMS and AMS girls (data not shown).

There was a trend toward lower body fat percentage
(BF%) (BMS vs. AMS, P = 0.08) and a decreased WC in
AMS children but no significant difference in waist to hip
ratio. However, the WC/HT ratio, an age-normalized pa-
rameter, was significantly reduced in AMS children, sug-
gesting a less central distribution of body fat. This was
significantly different for BMS boys vs. AMS boys, with no
difference in girls (data not shown).
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TABLE 1. Anthropometric and plasma profile of children born BMS vs. AMS

BMS (n = 54) AMS (n = 57) P value?
Male/female 26/28 24/33 NS
Birth weight (kg) 3.3+ 0.1 29+ 0.1 0.003
Birth length (cm) 50.0 £ 0.7 491 +04 NS
Macrosomia 8(14.8%) 1(1.8%) 0.03
Low birth weight 6(11.1%) 10 (17.5%) NS
Age (yr) (range) 16.0 = 0.6 (6.8-25.5) 10.7 = 0.5(2.4-20.8) <0.0001
BMI percentile (%)? 79.4 =34 68.4+ 40 0.04
Height percentile (%)° 50.0 + 3.8 50.3 + 3.7 NS
Z-score® 1.28 £ 0.17 0.82 = 0.15 0.05
Weight (kg) 745+ 4.5 46.5 + 3.5 <0.0001
BF% (%) 29.7 £23 24.1 + 2.1 0.08
WC (cm) 90.7 = 3.1 73.0x 25 <0.0001
WHR 0.90 = 0.01 0.90 = 0.01 NS
WC/HT ratio 0.56 = 0.02 0.52 + 0.01 0.01
Triglyceride (mmol/liter) 1.12 = 0.1 0.88 = 0.06 0.07
Cholesterol (mmol/liter) 430 +0.12 421 +0.10 NS
LDL-C (mmol/liter) 2.43 = 0.09 2.31 +£0.09 NS
HDL-C (mmol/liter) 1.35 = 0.05 1.50 £ 0.05 0.04
TC/HDL-C 3.40 £ 0.18 2.96 = 0.11 0.03
Insulin (uU/ml) 21.1+1.8 15.1 £ 1.5 0.01
Glucose (mmol/liter) 5.08 = 0.06 4.86 = 0.05 0.008
HOMA-IR 4.82 = 0.46 3.40 = 0.34 0.02

NS, Not statistically significant; WHR, waist to hip ratio.

2 Results are expressed as average = sem or proportion and analyzed by t test (continuous variables) or x 2 (proportion); © results represent age-
and gender-normalized parameters; < BF% is evaluated in children older than 6 yr; BMS, n = 31 (15 boys, 16 girls); AMS, n = 27 (12 boys, 15

girls).

Severe obesity was reduced 3-fold in AMS children
vs. BMS children

The proportion of N, O, and SO children was evaluated
using BMI percentile. There was an increased proportion
of SO children in the BMS group, with 35.2% SO BMS
children vs. only 10.5% SO AMS children (P = 0.004)
(Table 2). Classification using alternate parameters such
as z-score greater than 2, WC greater than the 90th per-
centile, or BF% greater than 30% yielded similar propor-
tions (results not shown). BMS children had spent 60.3 =
4.3% of their life in a postmaternal BPD environment
(Table 2). There was no difference in percent life span in
post-BPD among the three BMS weight categories. None
of the birth data, current anthropometric, or plasma vari-
ables correlated with percent of time after BPD.

Blood lipids were disproportionately decreased in
AMS children vs. BMS children

AMS children had lower TC to HDL-C ratio (P = 0.03)
and higher HDL-C (P = 0.04). There was a trend toward
lower triglyceride (TG) in AMS children (P = 0.07), with
no differences in LDL-C or TC.

There were important relationships between body size
and blood lipids (Fig. 1). TG, LDL-C, and TC to HDL-C
ratio all were higher and HDL-C was lower from N to O
to SO for BMS children. A similar relationship was seen
with TC in BMS children (P = 0.0004, ANOVA, P < 0.05
posthocfor Nuvs. O, Nws. SO,and O vs. SO). Among AMS

children, only TG and TC to HDL-C ratio were higher,
whereas HDL-C decreased (P = 0.04, P = 0.0001, and
P = 0.01, respectively). There was a trend for lower
LDL-C but no difference in TC (data not shown).

There were significant correlations between BMI
z-score and plasma TG, HDL-C, and TC to HDL-C ratio
in BMS and AMS children (r = 0.59, —0.60, and 0.64 for
BMS, and r = 0.36, —0.44, and 0.47 for AMS, respec-
tively, all P < 0.05) and LDL-C (r = 0.38, P = 0.004) in
BMS children only (supplemental Table S3). The slopes of
TG and TC to HDL-C to BMI z-score were reduced in
AMS compared with BMS children, (supplemental Table
S3 and supplemental Fig. S1), such that at any given BMI
(age and gender normalized), the TG and TC to HDL-C
values were lower.

Markers of insulin resistance were reduced in AMS
vs. BMS children

All indices of insulin resistance, including insulin (P =
0.01), glucose (P = 0.008), and HOMA-IR (P = 0.02)
were decreased in AMS children (Table 1). When evalu-
ated across body size categories (Fig. 2), in BMS children
insulin was higher in SO (P < 0.0001, ANOVA) as was
HOMA-IR (P = 0.0001, ANOVA). In AMS children, in-
sulin was higher in SO (P < 0.0001, ANOVA), and
HOMA-IR was higher in O and SO (P = 0.01, ANOVA).
There was no significant difference in glucose between
body size groups, despite a significant difference between
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FIG. 2. Markers of insulin resistance in children born BMS and AMS
divided according to body weight classifications. White bars, N; grey
bars, O; black bars, SO. One-way ANOVA with Newman-Keuls post
hoc test was performed within each group. A, Fasting plasma insulin
(microunits per milliliter) was increased in SO BMS children (P <
0.0001, post hoc, P < 0.05 for N vs. SO and O vs. SO) and AMS
children (P = 0.02, post hoc, P < 0.05 for N vs. SO and O vs. SO). B,
Fasting plasma glucose (millimoles per liter) was not different among
BMS children or AMS children. C, HOMA-IR was higher in SO BMS
children (P < 0.0001, post hoc, P < 0.05 for N vs. SO and O vs. SO).
HOMA was higher in O and SO AMS children (P = 0.01, post hoc, P <
0.05 for N vs. O and N vs. SO). Values presented as mean = Sem.

Satiety-related factors

Ghrelin was higher in AMS children (BMS 1.03 = 0.06
ng/mlvs. AMS 1.28 = 0.06 ng/ml, P = 0.005) and leptin was
lower (BMS 19.7 = 2.5 ng/mlvs. AMS 11.5 = 1.5 ng/ml P =
0.005). Ghrelin was lower in O and SO BMS children (P =
0.002, ANOVA, N vs. O and N vs. SO, P < 0.05, post hoc)
and lower in O AMS children (P = 0.02, ANOVA, N us. O,
P < 0.05, post hoc) (Fig. 3D). Ghrelin correlated negatively
with z-score in BMS, with a weaker association in AMS (sup-
plemental Table S3). Leptin was higher in SO BMS children
(P<0.0001,ANOVA,Nws. SOand Ows. SO, P <0.05, post
hoc) and higher in O and SO AMS children (P < 0.0001, N
vs. O, N ws. SO and O vs. SO, P < 0.05 post hoc) (Fig. 3E)
and correlated strongly with BMI z-score.
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Multiple regression analysis

Because both BMI z-score (supplemental Table S3) and
age (supplemental Table S4) correlated with many of the
parameters analyzed, we performed a best subset multiple
regression analysis to evaluate factors that contributed
strongly and independently (Table 3). Parameters in-
cluded were group (BMS/AMS), age, gender, and age-gen-
der-normalized factors (weight category, BMI percentile,
z-score, and WC/HT ratio). Interestingly, overall, body
size parameters were the strongest predictors of variation;
age contributed strongly and negatively only to the vari-
ance in ghrelin, with minor effects on TG (positive) and
adiponectin (negative).

Discussion

Our results have three major implications by demonstrat-
ing 1) the importance of the intrauterine environment in
the transmission of obesity and metabolic derangements;
2) the potentially epigenetic nature of severe obesity,
which might provide encouragement to patients who are
often blamed; and 3) the importance of providing special
perinatal weight control in severely obese women as a tool
to curb the present obesity epidemic (23, 24).

The etiology of obesity has been under intense scrutiny
for the past several decades, yet the large amount of re-
search has yielded little practical advice to those who are
overweight (25). Emerging results, including data pre-
sented in this paper, provide further insight into the causes
of obesity and offers potential preventative measures.

Obesity clusters within families and recent data show
that this is not just due to traditional genetic transmission
or similar familial environments but may also be due to
epigenetic factors (26). The presence of obesity and ac-
companying metabolic derangements, especially insulin
resistance, during pregnancy have been shown to transmit
or imprint characteristics in offspring in numerous animal
studies (27-29). Evaluating humans presents ethical and
practical difficulties resulting in fewer available data. To
our knowledge, our paper is the first to evaluate dramatic
maternal weight loss and metabolic improvements on an-
thropometric and metabolic parameters in children.

Our population of children was not a randomly se-
lected group: they were all born to severely obese and
overweight mothers, even those born after maternal BPD.
Whereas the mothers lost a clinically significant amount of
weight after BPD, the average BMI postoperatively
(30.7 = 0.9 kg/m?) was still within the obese category (25).
What is striking is that the insulin, glucose, and lipid pa-
rameters and adipokine levels reached to ranges for
healthy lean individuals (13, 15) and improvements per-
sisted over time. These metabolic changes translated into

2202 YoJBIN 70 U0 189nB AQ 229652/ L2/ L LIY6/10IME/WS0lWw0o"dno"oILapED.//:SARY WOy Papeo|umoQ



J Clin Endocrinol Metab, November 2009, 94(11):4275-4283

25~ p=0.002 200+ p=0.02
— NS
had — 150+ p=0.006
-? 15 =
~ -
£ 5 1004
2 104 =
-g' m‘
] mlnl Inln
0~ 1 L 1 0 L 1 1
BMS | AMS ) : BMS AMS :
C p=0.03 D 20
o om p=0.002 p=002
i I ] | {
= 1.54
3] £
E,) 24 £ 1.0+
i e
) i ’l‘ |l| -EI .
! BMS ¥ AMS J - i
’ BMS AMS

E 50, P<0.0001
p<0.0001

_
I
BMS AMS

leptin ngfmL
8 8 3

=
(-]
i

(-]

OND30 mso

FIG. 3. Adipokines and inflammatory factors in children born BMS and AMS divided
according to body weight classifications. White bars, N; grey bars, O; black bars, SO.
One-way ANOVA with Newman-Keuls post hoc test was performed within each
group. A, Adiponectin (micrograms per milliliter) was lower in SO BMS children (P =
0.002, post hoc, P < 0.05 for N vs. SO). There was no difference in adiponectin
among N, O, and SO AMS children. B, Acylation stimulating protein (ASP;
nanomolar) was higher in SO BMS children (P = 0.006, post hoc, P < 0.05 for N vs.
SO and O vs. SO) and AMS children (P < 0.02, post hoc, P < 0.05 for N vs. SO and
O vs. SO). C, CRP (micrograms per milliliter) was higher in SO BMS children (P =
0.03, post hoc, P < 0.05 for N vs. SO) and increased among N, O, and SO AMS
children (P = 0.04, post hoc, P = NS). Values presented as mean = sem. D, Fasting
plasma ghrelin (nanograms per milliliter) was lower in O and SO BMS children (P =
0.002, post hoc, P < 0.05 for N vs. O and N vs. SO). Ghrelin was lower in O AMS
children (P = 0.02, post hoc, P < 0.05 for N vs. O). E, Fasting plasma leptin (nanograms
per milliliter) was higher in SO BMS children (P < 0.0001, post hoc, P < 0.05 for N vs.
SO and O vs. SO). O and SO AMS children had higher leptin (P < 0.0001, post hoc, P <
0.05 for N vs. O, N vs. SO and O vs. SO).

alarge impact on offspring both metabolically and in prev-
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gression analysis indicated that the body size
parameters played a much stronger predic-
tive role.

Importantly, these differences were present
right from birth: AMS children had a lower
birth weight. Macrosomia was reduced, but
prevalence of low birth weight was unchanged.
Whereas initial studies on in utero environ-
ment observed that low-birth weight babies
were more likely to become obese and insulin
resistant as adults (30, 31), macrosomia is also
related to increased obesity risk and insulin re-
sistance (2). One of the greatest risk factors for
macrosomia is gestational diabetes mellitus
(2). These insightful observational human
studies led to mechanistic animal studies show-
ing that DNA modification during develop-
ment alters future gene expression both cen-
trally and peripherally and affects food
preference, satiety, energy expenditure, spon-
taneous activity, and substrate storage vs. ox-
idation (26-29, 32). These mechanisms likely
contribute to the changes noted in our study.

In addition to the dramatic anthropometric
changes, numerous metabolic improvements
in AMS children were noted including markers
of insulin sensitivity. Dyslipidemias are an obe-
sity comorbidity, and exposure time to delete-
rious lipid levels has an important impact on
cardiovascular disease development (33). Not
only did AMS children have improvements in
lipid parameters including HDL-C and TC to
HDL-C ratio, the lower TG and TC to HDL-C
levels in SO AMS children compared with SO
BMS children were improved more than could
be explained based on body size. We conclude
that severe obesity is higher in BMS children
and that body weight or size differences alone
were insufficient to explain the differences in
insulin resistance and dyslipidemia between
AMS and BMS children.

alence of obesity.

The 3-fold decrease in the presence of severe obesity, as
defined by age- and gender-adjusted parameters, in AMS
children was striking. Whereas BMS children were older,
both younger and older children were represented in the
three body weight categories. In addition, we also con-
firmed changes in body weight status using several differ-
ent age- and gender-adjusted anthropometric parameters
and found similar results. Furthermore, whereas many
of the parameters correlated both with age as well as
body size (as evaluated by BMI z-score), multiple re-

Obesity is a disease comprised of well-established facets
(excess adipose tissue, defective insulin signaling, athero-
sclerosis) and more newly recognized facets (inflamma-
tion, altered adipose tissue function) (34). Measurements
of clinically nontraditional markers involved in inflam-
mation, energy substrate oxidation and storage, and hun-
ger/satiety signals support our hypothesis that AMS chil-
dren have a more favorable metabolic profile. AMS
children had lower CRP, suggesting they have less chronic
low-grade inflammation than is associated with obesity
and insulin resistance (35). Higher leptin levels in BMS
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TABLE 3. Best subset regression analysis of
contributing factors

Dependent Independent
variable R2 variables

TG 0.454 WC/HT, gender, age

LDL-C 0.278 WC/HT, BMI percentile

HDL-C 0.286 z-score

TC/HDL-C 0.562 WC/HT (BMI percentile = z-score)

HOMA 0.296 WC/HT

Glucose 0.105 Group, BMI percentile

Insulin 0.323 WC/HT, gender

Adiponectin 0.235 Weight category, age,
group, WC/HT

ASP 0.129  Weight category, z-score

CRP 0.155 WC/HT

Ghrelin 0.220  Age, weight category, WC/HT
(BMI percentile = z-score)

Leptin 0.694 WC/HT, sex, group, z-score

R? for the predictive model of the dependent variable was calculated
using best subset multiple regression analysis. The following
independent variables were considered: group (BMS or AMS), weight
category (normal, overweight/obese, severely obese), age, gender, and
age-gender-normalized parameters (BMI percentile, z-score, and WC/
HT ratio). Independent variables are reported in the table in their order
of predictive value if they significantly (P < 0.05) and independently
contributed to the regression model. Where indicated, BMI percent
and z-score contributed equally but mutually exclusively.

children also support a leptin-resistant state, common in
obesity and insulin resistance (15). Furthermore, ghrelin,
which decreases with obesity, was higher in AMS children
relative to BMS (36).

Notwithstanding these striking results, the limitations
of the study should be acknowledged. The groups of BMS
and AMS children were comprised of both boys and girls
and covered a wide age range. Furthermore, due to the
sample size, partitioning into various gender- and age-
matched groups was not practical. Analysis based on body
size, using age- and gender-normalized BMI percentile or
z-score, was chosen as the preferred analysis, and any dif-
ferences according to age or gender were reported. In ad-
dition, we performed multiple regression analysis to better
evaluate the impact of all parameters, including age. Fur-
thermore, due to the nature of cross-sectional studies, di-
rect cause and effect cannot be proven. Finally, we cannot
specifically define the contributions that genetic and fa-
milial environment had vs. the impact of the in utero en-
vironment. We limited the influence of genetics and fa-
milial environment on our results by including as many
siblings as possible.

These data have several important clinical implica-
tions. Severely obese women should be encouraged to lose
weight before becoming pregnant; during pregnancy they
should be encouraged to modify their weight gain. For
those women interested in both a surgical treatment and
having children, we believe surgery should be performed

Maternal Surgical Weight Loss Effects on Children
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first. Second, we have shown that by reducing the expo-
sure of fetuses to an obesigenic iz utero environment, there
is a dramatic decrease in the presence of severe obesity and
accompanying metabolic disturbances in children. Be-
cause obese children often go on to become obese adults
(37), exposing them to greater cumulative damage from
years of metabolic derangements, these data emphasize
how critical it is to prevent obesity and treat it effectively
to prevent further transmission to future generations.

Acknowledgments

We appreciate the technical assistance of Mélanie Cianflone for
manuscript editing and preparation.

Address all correspondence and requests for reprints to: P.
Marceau, M.D., Ph.D., Institut Universitaire de Cardiologie et
Pneumologie de Québec, Laval Hospital, 2725 Chemin Ste.
Foy, Québec, Canada GIV 4GS5. E-mail: picard.marceau@chg.
ulaval.ca.

This work was supported by Grant MOP-64446 from the
Canadian Institutes for Health Research (CIHR). K.C. is a Can-
ada Research Chair in Adipose Tissue. ].S. is supported by a
CIHR doctoral scholarship.

Disclosure Summary: The authors have nothing to disclose.

References

1. Dabelea D, Mayer-Davis EJ, Lamichhame AP, D’Agostino Jr RB,
Liese AD, Vehik KS, Narayan KM, Zeitler P, Hamman RF 2008
Association of intrauterine exposure to maternal diabetes and obe-
sity with type 2 diabetes in youth: the SEARCH Case-Control Study.
Diabetes Care 31:1422-1426

2. Hillier TA, Pedula KL, Schmidt MM, Mullen JA, Charles MA, Pettitt
DJ 2007 Childhood obesity and metabolic imprinting: the ongoing
effects of maternal hyperglycemia. Diabetes Care 30:2287-2292

3. Elder KA, Wolfe BM 2007 Bariatric surgery: a review of procedures
and outcomes. Gastroenterology 132:2253-2271

4. Marceau P, Biron S, Hould FS, Lebel S, Marceau S, Lescelleur O,
Biertho L, Simard S 2007 Duodenal switch: long-term results. Obes
Surg 17:1421-1430

5. Marceau P, Hould FS, Simard S, Lebel S, Bourque RA, Potvin M,
Biron S 1998 Biliopancreatic diversion with duodenal switch. World
J Surg 22:947-954

6. Marceau S, Biron S, Lagacé M, Hould FS, Potvin M, Bourque RA,
Marceau P 1995 Biliopancreatic diversion with distal gastrectomy,
250 cm and 50 c¢m limbs: long-term results. Obes Surg 5:302-307

7. Marceau P, Hould FS, Lebel S, Marceau S, Biron S 2001 Malab-
sorptive obesity surgery. Surg Clin North Am 81:1113-1127

8. Scopinaro N, Marinari GM, Pretolesi F, Papadia F, Murelli F,
Marini P, Adami GF 2000 Energy and nitrogen absorption after
biliopancreatic diversion. Obes Surg 10:436-441

9. Tataranni PE, Mingrone G, Raguso CA, De Gaetano A, Tacchino
RM, Castagneto M, Greco AV 1996 Twenty-four hour energy and
nutrient balance in weight stable post obese patients after biliopan-
creatic diversion. Nutrition 12:239-244

10. Sarson DL, Scopinaro N, Bloom SR 1981 Gut hormones changes
after jejunoileal (JIB) or biliopancreatic (BPD) bypass surgery for
morbid obesity. Int ] Obes 5:471-480

11. Valverde I, Puente J, Martin-Duce A, Molina L, Loziano O, Sancho

2202 YoJBIN 70 U0 189nB AQ 229652/ L2/ L LIY6/10IME/WS0lWw0o"dno"oILapED.//:SARY WOy Papeo|umoQ



J Clin Endocrinol Metab, November 2009, 94(11):4275-4283

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

V, Malaisse WJ, Villanueva-Penacarrillo ML 2005 Changes in glu-
cagon-like peptide-1 (GLP-1) secretion after biliopancreatic diver-
sion or vertical banded gastroplasty in obese subjects. Obes Surg
15:387-397

Patriti A, Facchiano E, Sanna A, Gulla N, Donini A 2004 The entero
insular axis and the recovery from type 2 diabetes after bariatric
surgery. Obes Surg 14:840-848

Faraj M, Havel PJ, Phélis S, Blank D, Sniderman AD, Cianflone K
2003 Plasma acylation-stimulating protein, adiponectin, leptin, and
ghrelin before and after weight loss induced by gastric bypass surgery
in morbidly obese subjects. ] Clin Endocrinol Metab 88:1594-1602
Kotidis EV, Koliakos GG, Baltzopoulos VG, Ioannidis KN, Yovos
JG, Papauramidis ST 2006 Serum ghrelin, leptin and adiponectin
levels before and after weight loss: comparison of three methods of
treatment—a prospective study. Obes Surg 16:1425-1432

Faraj M, Lu HL, Cianflone K 2004 Diabetes, lipids, and adipocyte
secretagogues. Biochem Cell Biol 82:170-190

Kral JG, Biron S, Simard S, Hould FS, Lebel S, Marceau S, Marceau
P 2006 Large maternal weight loss from obesity surgery prevents
transmission of obesity to children who were followed for 2 to 18
years. Pediatrics 118:e1644-¢1649

Pearson TA, Mensah GA, Alexander RW, Anderson JL, Cannon 3rd
RO, Criqui M, Fadl YY, Fortmann SP, Hong Y, Myers GL, Rifai N,
Smith Jr SC, Taubert K, Tracy RP, Vinicor F 2003 Centers for
Disease Control and Prevention, American Heart Association.
Markers of inflammation and cardiovascular disease: application to
clinical and public health practice: a statement for healthcare pro-
fessionals from the Centers for Disease Control and Prevention and
the American Heart Association. Circulation 107:499-511

Saleh J, Summers LKM, Cianflone K, Fielding BA, Sniderman AD,
Frayn KN 1998 Coordinated release of acylation stimulating pro-
tein (ASP) and tracylglycerol clearance by human adipose tissue in
vivo in the postprandial period. J Lipid Res 39:884—-891
National Center for Health Statistics NHANES III clinical growth
chart; children 2 to 20 years 5th to 95th percentile: boys’ BMI for age
and girls’ BMI for age. Hyattsville, MD: National Center for Health
Statistics; 2007

National Center for Health Statistics NHANES III Zscore data files:
BMI for age and sex 2 to 20 years. Hyattsville, MD: National Center
for Health Statistics; 2007

Li C, Ford ES, Mokdad AH, Cook S 2006 Recent trends in waist
circumference and waist-height ratio among US children and ado-
lescents. Pediatrics 118:¢1390-¢1398

Chumlea WC, Guo SS, Kuczmarski, Fregal KM, Johanson CL,
Heymsfield SB, Luckaski HC, Friedl K, Hubbard WS 2002 Body
compostion estimates from NHANES III bioelectrical impedence
data. Int ] Obes Relat Metab Disord 26:1596-1609

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

jcem.endojournals.org 4283

Kral JG 2004 Preventing and treating obesity in girls and young
women to curb the epidemic. Obes Res 12:1539-1546

Kral JG, Hould FS, Marceau S, Eckert-Norton M, Biron S, Marceau
P 2007 Anti-obesity surgery for women planning pregnancy. In:
Baker P, Balen A, Poston L, Sattar N, eds. Obesity and reproductive
health. London: Royal College of Obstetricians and Gynecologists;
181-195

World Health Organization 2004 Obesity: preventing and manag-
ing the global epidemic. Report of a WHO Consultation. Geneva:
World Health Organization

Wu Q, Suzuki M 2006 Parental obesity and overweight affect the
body fat accumulation in the offspring: the possible effect of a high-
fat diet through epigenetic inheritance. Obes Rev 7:201-208
Chen H, Simar D, Lambert K, Mercier J, Morris M] 2008 Maternal
and postnatal overnutrition differentially impact appetite regulators
and fuel metabolism. Endocrinology 149:5348-5356
Muhlhausler BS, Adam CL, Findlay PA, Duffield JA, McMillen IC
2006 Increased maternal nutrition alters development of the appe-
tite-regulating network in the brain. FASEB J 20:1257-1259
Shankar K, Marrell A, Liu X, Gilchrist JM, Ronis MJ, Badger TM
2008 Maternal obesity at conception programs obesity in the off-
spring. Am J Physiol Regul Integr Comp Physiol 294:R528-R538
Ravelli GP, Stein ZA, Susser MW 1976 Obesity in young men after
famine exposure iz utero and early infancy. N Engl ] Med 295:349—
353

Briana D, Malamitsi-Puchner A 2009 Intrauterine growth restric-
tion and adult disease: the role of adipocytokines. Eur ] Endocrinol
160:337-347

Srinivasan M, Dodds C, Ghanim H, Gao T, Ross PJ, Browne RW,
DandonaP, Patel MS 2008 Maternal obesity and fetal programming
effects of a high carbohydrate nutritional modification in the im-
mediate postnatal life of female rats. Am J Physiol Endocrinol Metab
295:E895-E903

Sniderman AD, Furberg CD 2008 Age as a modifiable risk factor for
cardiovascular disease. Lancet 271:1547-1549

Hotamisligil GS 2006 Inflammation and metabolic disorders. Na-
ture 444:860-867

Visser M, Bouter LM, McQuillan GM, Wener MH, Harris TB 1999
Elevated C-reactive protein levels in overweight and obese adults.
JAMA 282:2131-2135

Shiiya T, Nakazato M, Mizuta M, Date Y, Mondal MS, Tanaka M,
Nozoe S, Hosoda H, Kangawa K, Matsukura S 2002 Plasma ghrelin
levels in lean and obese humans and the effect of glucose on ghrelin
secretion. ] Clin Endocrinol Metab 87:240-244

Herman KM, Craig CL, Gauvin L, Katzmarzyk PT 2008 Tracking
of obesity and physical activity from childhood to adulthood: The
Physical Activity Longitudinal Study. Int J Pediatr Obes, doi:
10.1080/17477160802596171

2202 YOJBIN #0-U03s9nB.AG 229652/ LEhi L biF6/P10IME/WS0l/O00:dNo-0ILISPED.//: SARY WO PAPEO|UMOQ



