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Abstract

Background Dysregulated adipokine levels are associated with type 2 diabetes and gestational diabetes.
Adiponectin and leptin are involved in nutrient transport, thereby affecting fetal growth and metabolism. We aimed
to determine whether type 2 diabetes and gestational diabetes were associated different levels of serum and cord
blood adiponectin, leptin, insulin and offspring birthweight.

Methods Serum, cord blood, gestational age and birthweight were collected for First Nations mothers and infants
who were enrolled in the Next Generation Cohort Study. A total of 173 maternal and 188 neonatal samples were
available for analysis. Of those, 136 were matched maternal infant dyads that we used for paired mother-infant
analyses. Pairs were sorted into groups based on maternal diagnoses of pre-existing type 2 diabetes, gestational
diabetes or no diabetes (control). Adiponectin and leptin were measured by enzyme linked immunosorbent assay.

Results Mothers with gestational diabetes had lower serum adiponectin (6.48+3.64 ug/mL) in the third trimester
relative to mothers with type 2 diabetes (8.55 +5.24 ug/mL, p <0.05) or no diabetes (7.73 + 3.47 ug/mL). However, cord
blood adiponectin was lower only in normal weight pregnancies complicated by type 2 diabetes. Cord blood glucose,
insulin and leptin were increased in infants of type 2 diabetes mothers and increased leptin was positively correlated
with maternal leptin and birth weight. Female infants exposed to pregestational type 2 diabetes had a significantly
higher birthweight z-score than female control infants.

Conclusions In this study, exposure to type 2 diabetes, but not gestational diabetes, impacted cord blood levels
of glucose, insulin and leptin and birthweight. Collectively, these factors may contribute to the greater impact of
pregestational type 2 diabetes exposure on offspring health relative to gestational diabetes.
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Background

Diabetes during pregnancy is increasingly common and
strongly associated with maternal obesity [1]. Increasing
numbers of women are being diagnosed prior to preg-
nancy with type 2 diabetes (T2D) and during pregnancy
with gestational diabetes mellitus (GDM) [2]. Worldwide
the prevalence of GDM is approximately 14%, and pre-
existing T2D is approximately 0.2% [3, 4]. Offspring born
to mothers with diabetes during pregnancy are more
likely to be large for gestational age and are at increased
risk complications during labour and delivery [5]. Off-
spring exposed to diabetes during pregnancy are also
more likely to develop obesity and metabolic syndrome
later in life [6, 7].

While T2D and GDM share some similar risk fac-
tors, there is some evidence that the health outcomes
for women and their offspring are different. Women
with T2D have a higher risk of preeclampsia, C-section
and operative vaginal delivery, and a higher incidence
renal disease relative to women with GDM or no diabe-
tes in pregnancy [8, 9]. Exposure to T2D in utero has a
more profound effect on the earlier diagnosis of T2D in
the offspring compared to GDM [10, 11]. This suggests
developmental programming effects that alter growth,
metabolism, and increased obesity risk in the offspring.

Adipokines are adipose tissue derived hormones which
regulate insulin sensitivity and metabolism. Adiponectin
is abundant in serum and increases the insulin sensitiv-
ity of metabolic tissues. In a healthy pregnancy, adipo-
nectin decreases modestly towards the end of gestation
in parallel with increasing gestational weight gain and
the physiological insulin resistance of pregnancy that
spares glucose for the fetus [12]. GDM is associated with
a further reduction of circulating adiponectin [12]. In
contrast, leptin increases throughout gestation. Obese
women have higher serum levels of leptin compared to
women with a lower body mass index (BMI) in preg-
nancy [13]. Independent of BMI, women with GDM
have increased levels of serum leptin and there is a posi-
tive association between serum leptin, serum insulin and
insulin resistance, suggesting these factors are linked in
GDM [14]. However, similar data does not presently exist
for pregestational T2D.

Levels of adipokines in the maternal and fetal sys-
tem are also implicated in fetal growth and metabolism.
Maternal adiponectin levels generally show an inverse
relationship with birthweight [15]. In contrast, a positive
association of fetal growth and adiposity with fetal adipo-
nectin has been reported [16]. Fetal leptin, produced by
fetal adipose tissue, increases throughout gestation [17]
and is positively associated with cord-blood leptin and
birthweight [18], indicating that leptin also has a role in
growth and metabolism.
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Previous work by our group [10] demonstrated that
infants exposed to pregestational T2D had higher rates
of both large- and small-for-gestation age compared
to infants exposed to GDM [10]. Since dysregulation of
maternal and fetal adipokines are linked to fetal growth
and adiposity, the objective of this study was to deter-
mine whether the timing of exposure to diabetes during
pregnancy (GDM versus pre-gestational T2D) impacts
adiponectin, leptin and insulin levels in maternal serum
and/or cord blood and whether these levels were associ-
ated with birthweight.

Methods

Subjects

We obtained maternal and cord blood serum from 136
First Nations mother and infant dyads enrolled in the
Next Generation cohort in Manitoba, Canada. A detailed
description of this cohort has previously been published
[19]. Women without diabetes in pregnancy (control),
with GDM or T2D, of self-declared First Nations heri-
tage who were delivering and residing in Manitoba were
included.

Population characteristics and anthropometric
measurements

Population characteristics and anthropometric values for
mothers and babies were obtained from a combination of
self-reported data (ethnicity, smoking status during preg-
nancy and medical history) and hospital records. Pon-
deral index was calculated from neonatal birthweight and
length. Birthweight and length z-scores and percentiles
were calculated against the International Fetal and New-
born Growth Consortium for the 21st Century (INTER-
GROWTH 21st) calculator and database, accounting for
sex and gestational age.

Serum collection

Maternal serum and cord blood were collected at the
time of delivery for analysis of adiponectin and leptin lev-
els. Samples were collected in 4mL EDTA and 5 mL SST
tubes, respectively. Serum was separated from red blood
cells by centrifugation (2600 rpm for 15 min at 4 °C), ali-
quoted and then stored at -80 °C.

Serum measurements

Adiponectin and leptin concentrations in maternal and
cord blood serum were determined using human adipo-
nectin and leptin ELISAs according to manufacturer’s
instructions (Human Adiponectin ELISA and Human
Leptin ELISA, ALPCO, Salem, NH, USA). Hemoglobin
Alc (HbAlc) concentrations and cord blood insulin were
analysed on a Roche Cobas (Roche Diagnostics (Sch-
weiz), Rotkreuz, ZUG, Switzerland).
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Maternal serum adipokines

Overall, mothers with GDM had significantly (p =0.0431)
lower serum adiponectin compared to mothers with
T2D (Fig. 1A). Between all mothers with obesity, there
were no significant differences in maternal serum adi-
ponectin. Compared to non-obese mothers without dia-
betes, obese mothers without diabetes (p=0.022), obese
mothers with GDM (p=0.0038) and non-obese mothers
with T2D (p=0.008) also had lower serum adiponec-
tin (Fig. 1B). Maternal serum leptin levels were similar
across all control, GDM and T2D pregnancies (Fig. 1C).
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When stratified by BMI, maternal leptin was higher in
obese mothers with GDM compared to non-obese moth-
ers without diabetes (p=0.026), and non-obese mothers
with T2D (0=0.030) (Fig. 1D). Maternal serum adiponec-
tin did not show a correlation with maternal serum leptin
in control or GDM mothers but was negatively correlated
(p=0.025) in mothers with T2D (Table 1).

Maternal adiponectin showed a strong negative corre-
lation (r=-0.545, p=0.007) with maternal BMI at delivery
in control pregnancies, but not GDM or T2D pregnan-
cies (Table 1). A strong negative correlation between
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Fig. 1 Maternal serum adipokines. Maternal serum adiponectin (A) from all control mothers (n=39), mothers with GDM (n=59) and T2D (n=63) Mater-
nal adiponectin (B) from all mothers separated by coexistence of maternal obesity (BMI>30 kg/m2), non-obese control (n=10), obese control (n=19),
non-obese GDM (n=10), obese GDM (n=50), non-obese T2D (n=11), and obese T2D (n=52). Maternal serum leptin (C) from all control mothers (n=42),
mothers with GDM (n=59), or T2D (n=69). Maternal serum leptin from all mothers separated by coexisting obesity (D), non-obese control (n=8), obese
control (n=24), non-obese GDM (n=9), obese GDM (n=47), non-obese T2D (n=11), and obese T2D (n=52)
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maternal adiponectin and gestational age (r=-0.509,
p=0.009) was observed in control, but not in the GDM
and T2D pregnancies (Table 1). In addition, a weaker
negative correlation between maternal adiponectin and
birthweight z-score was observed in GDM pregnancies
(r=-0.370, p=0.012), and T2D pregnancies (r=-0.286,
p=0.047) but not control pregnancies (Table 1).

Maternal serum adiponectin had a negative correlation
with maternal CRP levels (p=0.032) in the T2D moth-
ers (Supplemental Table 3), but not controls or GDM
mothers. Maternal serum leptin was positively correlated
with maternal CRP (r=0.517, p=0.006) in the control
group (Supplemental Table 3), but not the GDM or T2D
pregnancies.

Maternal serum leptin showed a weakly positive corre-
lation with maternal BMI at delivery in GDM pregnancies
(r=0.319, p=0.018), but not control or T2D pregnancies
(Table 1). Maternal serum leptin did not associate with
gestational age or birthweight z-score in any pregnancies
(Table 1). A negative association was observed between
maternal leptin and parity only among the control moth-
ers (r=-0.477. p=0.021) (Supplemental Table 3).

Neonatal characteristics

Birthweight was expressed as z-score using the Inter-
national Fetal and Newborn Growth Consortium for
the 21st Century (INTERGROWTH-21st ) database,
accounting for sex and gestational age. In control moth-
ers, birthweight z-score was moderately positively corre-
lated with BMI at delivery (r=0.497. p=0.016) (Table 1).
Female infants exposed to pregestational T2D were sig-
nificantly larger than female control infants (p =0.0001),
and female infants from GDM mothers (p=0.031) (Sup-
plemental Table 2). Females from T2D mothers had a
higher birthweight z-score than male infants from T2D
mothers (p=0.002) (Supplemental Table 2). There were
no significant differences in length z-score of female or
male infants between groups. Ponderal index considers
the length and birthweight and is a measure of overall
growth [20] and female infants exposed to pregestational
T2D had significantly higher ponderal index relative to
infants from control mothers (p=0.002) and were also
larger than male infants exposed to pregestational dia-
betes (p=0.003) (Supplemental Table 2). Infants born to
mothers with GDM or T2D were born at a significantly
younger gestational age relative to control infants (Sup-
plemental Table 2). When adjusted for neonatal sex, ges-
tational age of both male and female infants was lower
in the GDM (male p=0.004, female p=0.004) and T2D
groups (male p=0.0002, female p<0.0001) compared to
controls (Supplemental Table 2).
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Infant cord blood adipokines

Cord blood adiponectin was similar between infants of
control, GDM and T2D pregnancies (Fig. 2A). In off-
spring born to mothers with BMI < 30 kg/m? (non-obese)
cord blood adiponectin was lower in those exposed to
T2D relative to control mothers (p=0.019) and moth-
ers with GDM (p=0.023) (Fig. 2B). Cord blood leptin
from all infants of T2D pregnancies was significantly
higher than those from control (p=0.0006) and GDM
(p=0.0110) pregnancies (Fig. 2C). Infants born to moth-
ers with both T2D and obesity had significantly higher
cord blood leptin than those exposed to only T2D in
pregnancy (p=0.012), and higher cord blood leptin
than infants exposed to both GDM and obesity in preg-
nancy (p=0.035) (Fig. 2D). The cord blood insulin of
infants of T2D mothers was markedly increased relative
to GDM pregnancies (p=0.020) and control pregnan-
cies (p=0.0002) (Fig. 2E). Cord blood insulin was higher
in obese T2D pregnancies than obese GDM pregnan-
cies (p=0.004), and non-obese control pregnancies
(p=0.0192), but there was no difference in the absence
of obesity (Fig. 2G). Infants born to mothers with T2D
showed a sex specific difference in cord blood insulin lev-
els, with females having significantly higher cord blood
insulin compared to males (p=0.034) (Supplemental
Fig. 1). Cord blood glucose did not vary based on neo-
natal sex, but cord blood glucose levels were significantly
higher in neonates born to mothers with T2D rela-
tive to mothers with GDM (p =0.044) (Fig. 2F), and this
appears to be limited to pregnancies affected by obesity
(p=0.012) (Supplemental Fig. 1).

Cord blood adiponectin showed a positive correlation
with maternal adiponectin in GDM (p=0.008) and T2D
(p<0.0001) pregnancies (Table 2), but not control preg-
nancies. Cord blood adiponectin was strongly positively
associated with cord blood leptin in infants of control
pregnancies (r=600, p=0.001) and in infants of T2D
(p=0.012) pregnancies, but not infants from GDM preg-
nancies (Table 2). Cord blood adiponectin was also posi-
tively correlated with maternal serum leptin (p=0.012) in
control and GDM (p =0.016) pregnancies but showed no
correlation in T2D pregnancies (Table 2).

Cord blood and maternal leptin showed a strong posi-
tive correlation in T2D pregnancies (r=586, p <0.0001),
and a moderate correlation in GDM pregnancies (r =416,
p=0.005) but no significant correlation in control preg-
nancies (p=0.07) (Table 2). Maternal leptin was posi-
tively correlated with cord blood adiponectin in control
(p=0.012) and GDM (p=0.016), but not T2D pregnan-
cies (Table 2). Maternal HbA1C only showed a positive
correlation with cord blood leptin (p=0.018) in T2D
pregnancies (Table 2).
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Fig. 2 Cord-blood adipokines, insulin and glucose at delivery. Cord-blood adiponectin (A) from neonates born to all control mothers (n=38), GDM
(n=61) or pre-gestational T2D (n=83). Cord-blood adiponectin from maternal-infant dyads separated by BMI (B), non-obese control (n=9), obese con-
trol (n=14), non-obese GDM (n=6), obese GDM (n=39), non-obese T2D (n=9) and obese T2D (n=44). Cord-blood leptin (C) from neonates born to all
control mothers (n=35), GDM (n=60), and T2D (n=83). Cord-blood leptin from maternal-infant dyads separated by maternal BMI (D), non-obese control
(n=9), obese control (n=12), non-obese GDM (n=6), obese GDM (n=39), non-obese T2D (n=7), and obese T2D (n=42). Cord-blood insulin (E) from all
neonates born to control mothers (n=23), GDM (n=43), and T2D (n=59). Cord-blood glucose levels in neonates born to control mothers (n=36), GDM

(n=57)and T2D (n=76). G

=11, non-obese GDM n=6, obese GDM n=33, non-obese T2D n=8, obese T2D n=32)

Associations between birthweight and cord blood
adipokines, insulin and birthweight

Cord blood leptin levels showed a weak positive cor-
relation with birthweight z-score in GDM pregnancies
(r=0.348, p=0.031) (Table 2). In addition, cord blood

) Cord-blood insulin from paired maternal-infant dyads, striated by maternal obesity Non-obese control n=8, obese control

leptin was associated with increased ponderal index only
in GDM pregnancies (p=0.02) (Supplemental Table 4),
but not control and T2D pregnancies. Cord blood adi-
ponectin was not associated with birthweight z-score in
any groups of pregnancies (Table 2). However, cord blood



Page 7 of 11

(2025) 25:238

Gruber et al. BMC Pregnancy and Childbirth

JLVaH
(0100=9) Jeuss1
(Y000=A)prr'0 (8000=0)98€°0 (8LO0=A)TEE0 610 ¥0v'0 9r0°0- 0€00 ¢0C0-  SS10 [0 9010~ 0810~ BN
3500
NS
pooig
|eusy
0910~ €€00- cecco 7¢00 9¢l’0 G5C00 6800 9¢Cc0 L2000~ 8¢E0 89¢°0 90 BN
undsT
(cloo=d) [euws)
/00~ 8%1'0- (10000>d)985°0 010 800 0800 (S000=a4)9L¥"0 (9L00=A)L9€E'0 1000~ L1C0 85¢0 9/L¥'0 BN
NdV
({y00=01)98T°0 (L0000>0) (5L00=0)59€°0 [euisy
8¢l0 - LE10- S0S0 £0C0- - £200 (8000=dA)T6E0 L/CO- LZ€0- 0600 1200 BN
(10000>0) (Pr00=0) ulnsuj
€VL0 9¥C0 9600 (8€00=0A)¥EE"0 €L10 [9C0- (10000>d)969°0 €v'0 LEEO 40
(Fr00=4d) unda
9/1°0 (Cl00=0dzre 0 (1€00=0A)6LE0 8/C0 o0 (1000=1)009°0 40
NdV
SELO- 5000~ /810 a0
ulnsu| uinsu| ujjnsuj undan
4> 9103s-Z \g unda1gd NdV 93 :p) 9103s-z \\g unda7gd NdV 90 4o 9103s-Z \g :p) NdV 93
acl was |onuo)

J1Y ulgoiboway D1 yYgH Xapul sseul Apog

‘g 9B [ruoirlsab ‘YO unds| ¢37 ‘undsuodipe ‘NdY ‘Sniljjlsw s91agelp ¢ 9dA1 ‘gL ‘snilj|oWw S919geIp [euoie1ssb INAD ybiomynig ‘Mg {poojg-piod ‘gD ‘siied g1 < YlM UOIIe[21I0D

dleweled-uou Joj paandwod ‘anjea-d srewixoidde sajedipul

[e3] 'SisA|eue UO1R|2410D Uewlieads WOl pauUjWISIdp (SO0 > d) 92uedyjubIs [BIISIIRIS S31RDIPU| JUO) PlOg "SaN|eA

dlIsWodolyiue (B34 Isulebe saINseaw winias pue aupjodipe Poojq pIod puUe [PUISIRW UO paulloyad sUoissalbal WOl (3N[eA J) JUSIDLJI0D Uofie[2.i0d suewieads juasaldal sanjep
'sappueUbaId 071 pue NJD ‘|013U0D WOl SpeAP JUBjUI-IaYIowW palled Ul SSWODINO [EIRUOSU pUE SDI3SIISIDRIRYD [PUISIRW pUE saujodipe poojq piod U3amiad SUOe|a1I0) T dlqel



Gruber et al. BMC Pregnancy and Childbirth (2025) 25:238

insulin levels were positively correlated with birthweight
z-score in all groups of pregnancies (Table 2).

Cord blood leptin (p=0.044), but not cord blood adi-
ponectin, showed a positive correlation with cord blood
insulin in control pregnancies (Table 2). Correlations
between cord blood insulin and leptin were not observed
in GDM and T2D pregnancies (Table 2). Cord blood
insulin also showed a moderate positive correlation with
maternal age at delivery (p=0.041), parity (p=0.016)
and birthweight z-scores (p<0.001) in control pregnan-
cies (Table 2, Supplemental Table 4). In GDM pregnan-
cies, cord blood insulin did not correlate with maternal
age at delivery, parity or birthweight z-score (Table 2,
Supplemental Table 4). In T2D pregnancies, cord blood
insulin was positively correlated with gestational weight
gain (p=0.039) and strongly correlated with birthweight
z-score (p<0.0001) (Table 2, Supplemental Table 4). Cord
blood insulin showed a positive correlation with mater-
nal HbA1C in GDM (r=0.404, p=0.010) and T2D preg-
nancies (r=0.444, p=0.004) (Table 2).

Discussion
The objective of this study was to determine whether
there are differential impacts on maternal serum and
cord blood levels of adiponectin, leptin and insulin at
delivery based upon the duration of diabetes during preg-
nancy (GDM versus pre-existing T2D) and whether these
levels are associated with fetal growth and birthweight.
This is the first and largest study to report the association
between infant weight and the maternal/cord blood adi-
ponectin, leptin and insulin levels in pregnancies affected
by GDM or T2D in a First Nations population. We
showed that GDM and T2D had distinct maternal serum
and cord blood serum adiponectin and leptin profiles.
Consistent with what is known about adipokines in
pregnancy, we found that maternal adiponectin lev-
els were lower in the GDM group. Interestingly, mater-
nal T2D had no effect on serum adiponectin levels and
were in fact significantly higher than in GDM women.
Since BMI impacts adiponectin levels, we sub-grouped
the data into obese and non-obese groups, even though
the non-obese groups were underpowered (N=5-8 per
group), and there were insufficient participants with nor-
mal BMI (<25 kg/m?) to perform any analysis on moth-
ers with exclusively healthy BMI. The non-obese T2D
group had significantly lower serum adiponectin levels,
suggesting possible dysregulation of adiponectin secre-
tion during pregnancy in T2D women, though this mer-
its further study. Obesity, in the absence of diabetes, also
appears to lead to decreased maternal adiponectin, which
is expected given the reduced adiponectin secretion that
is observed in obesity [16]. There were no differences in
serum adiponectin between GDM and T2D mothers,
regardless of BMI, however as mothers with T2D have
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experienced hyperglycemia and insulin resistance for a
longer period, treatment could have impacted adiponec-
tin levels. Individuals with T2D were diagnosed prior to
enrollment and received standard nutritional and physi-
cal activity advice. Some of these individuals may have
also received insulin and/or oral medication to manage
their diabetes when necessary. Both in vivo and in vitro
results using adipose tissue explants showed that metfor-
min is capable of increasing adiponectin gene expression
[21], and in male subjects with T2D insulin therapy sig-
nificantly increased circulating adiponectin [22]. In this
study, the majority of T2D mothers were treated with
insulin and a smaller proportion were treated with met-
formin. Thus, insulin and metformin therapy may have
impacted maternal serum adiponectin in this study.

As pregnancy progresses through the first and sec-
ond trimester, leptin levels increase and are maintained
throughout the third trimester and then decrease post-
partum [17]. Obese women and women with GDM have
higher serum leptin compared to women with a healthy
BMI in pregnancy [13, 14]. In this study, maternal leptin
was positively correlated with maternal BMI at delivery
in all groups, but this was only significant in mothers
with GDM. Subgroup analysis of non-obese and obese
groups revealed that maternal leptin tended to be about
3-4-fold higher in obese groups, compared to non-obese
groups.

Levels of adipokines in the maternal and fetal systems
are implicated in fetal growth and metabolism [23].
Maternal adiponectin shows an inverse relationship with
birthweight [12]. Maternal adiponectin does not cross
the placenta and exert its effects on offspring by signal-
ling through placental adiponectin receptors [17]. In con-
trast, there is a positive association between fetal growth
and adiposity with fetal adiponectin and an inverse rela-
tionship to maternal glycemia [16]. Fetal adiponectin
promotes fetal growth and potentiates fetal insulin resis-
tance [24]. The project VIVA study found an association
between increased cord blood adiponectin and increased
childhood adiposity at 3 years of age [25]. We observed
no correlations between birthweight and fetal adiponec-
tin in this study, though it is possible that maternal obe-
sity masked associations in this cohort. Similarly, Luo
et al. did not report any association between maternal
diabetes or BMI and cord blood adiponectin levels [24].
There are currently few studies reporting the effect of
GDM and T2D on cord-blood adiponectin, however our
results agree with those reported by the ACHOIS study
and by Cortelazzi et al.,, wherein infants born to GDM
mothers with obesity had lower cord-blood adiponectin
(26, 27].

One study reported that neonatal leptin is higher than
maternal leptin [28], however others [29] observed that
cord blood leptin corresponded to maternal leptin levels,
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similar to our findings. Studies have shown that fetal
leptin increases throughout gestation [17]. Cord blood
leptin is positively correlated with birthweight, length
and adiposity [17]. In our study, cord blood leptin was
positively correlated with birthweight-z scores in all
groups, but this was significant only in GDM pregnan-
cies. Cord blood insulin, however, was positively cor-
related with birthweight z-scores across all groups. It
has been postulated that leptin in pregnancy may signal
changing nutrient availability in the mother, since cord
blood leptin appears to be influenced by maternal diabe-
tes and may impact the effect of insulin on fetal growth
[30]. Moreover, maternal leptin positively correlated with
BMI at delivery in the GDM pregnancies, suggesting that
the interplay between maternal obesity and leptin influ-
ences the infant cord blood leptin and birthweight.

The matched mother-infant pairs from a First Nations
population facilitates the novel comparison of maternal
and cord blood adipokines in GDM and T2D pregnancies
on birthweight. However, our study has several limita-
tions. Some maternal characteristics were self-reported
including medical history and smoking status. It is pos-
sible that this data was subject to recall bias (family and
individual medical history) and that smoking status may
have been underreported due to the stigma associated
with smoking during pregnancy. However, we did have
a very high proportion of mothers who reported smok-
ing within the first trimester and throughout pregnancy
which suggests that underreporting may not have been
that significant of an issue. In addition, we were unable to
confirm from self-report whether mothers in this study
had a previous GDM diagnosis. Compared to newly diag-
nosed GDM, a previous GDM pregnancy is associated
with a higher pre-pregnancy BMI and increased fast-
ing blood glucose [31]. In addition, most mothers in our
cohort entered pregnancy overweight or obese (Supple-
mental Table 1). Women who enter pregnancy at a higher
BMI exhibit reduced gestational weight gain [32]. Gesta-
tional weight gain affects maternal and cord blood adipo-
kines [33] and neonatal outcomes [32]. Therefore, obesity
and altered patterns of gestational weight gain in this
cohort may mask some associations. Additionally, we col-
lected serum for measurement of maternal adipokines at
term and consequently the results do not provide a pic-
ture of pregestational adipokine levels and the dynamic
changes throughout pregnancy. It is important to note
that mothers with T2D in our cohort were prescribed
insulin or metformin to achieve glycemic control and
these interventions may have affected circulating adipo-
nectin levels and birthweight.
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Conclusions

These results show differential maternal and cord blood
adipokine profiles in pregnancies with normoglyce-
mia, GDM and pregestational T2D. Maternal adiponec-
tin correlated with birthweight in control pregnancies,
whereas maternal leptin correlated with birthweight only
in T2D pregnancies. Offspring with the highest birth-
weight were born to mothers with T2D and birthweight
was associated with higher gestational weight gain, cord
blood leptin, insulin and glucose. Cord blood adipokines
were impacted by maternal diabetes status and reflected
other risk factors such as gestational age at delivery and
birth weight. The increased risks associated with expo-
sure to hyperglycemia in pregnancy necessitate better
understanding of mechanisms underlying the distinct
pathophysiology and consequences of GDM and pre-
pregnancy T2D.
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