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Gestational hyperglycemia reprograms cardiac gene expression
in rat offspring
Lara Lehtoranta1, Anna Koskinen1, Olli Vuolteenaho1, Jukka Laine1, Ville Kytö1, Hanna Soukka1, Eeva Ekholm1 and
Juha Räsänen1

BACKGROUND: Rat fetuses with maternal pregestational
hyperglycemia develop cardiac dysfunction, and their cardiac
gene expression differs from that of healthy control fetuses
near term. We hypothesized that cardiac gene expression and
morphologic abnormalities of rat fetuses with maternal
pregestational hyperglycemia become normal after birth.
METHODS: Nine rats were preconceptually injected with
streptozotocin to induce maternal hyperglycemia and nine
rats served as controls. The hyperglycemia group comprised
82 mice and the control group 74 offspring fed by euglycemic
dams. Hearts of the offspring were collected on postnatal days
0, 7, and 14, and processed for histologic and gene expression
analyses.
RESULTS: On day 0, heart weight was increased, and
expression of cardiac genes involved in contractility, growth,
and metabolism was decreased in the hyperglycemia group.
On day 7, although cardiomyocyte apoptosis was enhanced,
most of the changes in gene expression had normalized in
the hyperglycemia group. By day 14, the expression of genes
important for myocardial growth, function, and metabolism
was again abnormal in the hyperglycemia group.
CONCLUSION: Most cardiac gene expression abnormalities
become transiently normal during the first week of life of
offspring to hyperglycemic rats. However, by day 14, cardiac
expressions of genes involved in growth, function, and
metabolism are again abnormal in relation to control offspring.

Fetal heart grows mainly through proliferation that is
induced by an increase in arterial blood pressure, together

with elevated circulating insulin-like growth factor 1 and
natriuretic peptide concentrations (1). After birth, the cardiac
growth pattern gradually shifts from hyperplastic to hyper-
trophic. In rats, this shift occurs on postnatal days (PND) 3
and 4 (ref. 2).
In human diabetic pregnancies, optimal maternal glycemic

control does not prevent fetal interventricular septal thicken-
ing (3). An increased cardiac wall thickness is observed in
25–75% of newborns of diabetic mothers (4,5). The severity of

this cardiomyopathy can vary from an incidental finding on
echocardiography to serious symptoms of congestive heart
failure (6). Usually, however, the increased cardiac mass is
transient and resolves within a few months (4,5,7). In a mouse
model of maternal pregestational hyperglycemia (HG), fetal
septal and left ventricular wall thicknesses were transiently
increased near term gestation, and cardiac growth became
normal by the age of 1 week (ref. 8).
We have shown in a rat model of maternal pregestational

HG that fetal cardiac dysfunction is present during the second
half of pregnancy and that cardiac gene expression patterns
deviate from normal fetuses near term (9). On the basis of
these observations, we hypothesized that cardiac gene
expression and the morphologic abnormalities in fetuses of
rats with pregestational HG will become normal during the
neonatal period.

METHODS
Animals, Induction of HG, and Data Acquisition
Animal care followed the guidelines set by the European Community
Council Directions 86/609/EC. The study protocol was approved by
the Turku University Ethics Committee for animal experiments and
the University of Turku Laboratory Animal Care and Use Committee
(permission no. 1479/2005 of the Animal Experiment Board of
Finland). The rats were purchased from the University of Turku
Central Animal Laboratory and housed in specific pathogen-free
conditions in room air with a 14:10 h light–dark cycle, and they had
free access to food and water.
HG was induced with an intraperitoneal injection of 35 mg/kg of

streptozotocin (Sigma, St Louis, MO) dissolved in citrate buffer
(0.01 mol/l, pH 4.5) in 9 female Sprague–Dawley rats prior to mating
(10). Nine untreated female Sprague–Dawley rats served as
euglycemic controls. Female rats were caged overnight with a male.
The day a positive vaginal smear was obtained was designated as
gestational day 1. Streptozotocin-treated rats had consistent HG
before (20.9± 2.1 mmol/l) and during pregnancy (25.0± 3.8 mmol/
l), whereas control dams were euglycemic before (5.1± 0.2 mmol)
and during gestation (4.0± 0.5 mmol/l). The dams delivered
spontaneously at term (22 days after conception). Newborns were
instantly separated from their own dams and fed by healthy
euglycemic dams (mean blood glucose 5.4± 2.1 mmol/l). Glucose
samples were collected from the tail vein of conscious animals and
analyzed using an Elite glucometer (Bayer, Leverkusen, Germany).
The number of offspring in this study was 82 in the HG and 74 in the
control group.

1Department of Obstetrics and Gynecology, University of Turku, Turku, Finland. Correspondence: Lara Lehtoranta (lara.lehtoranta@utu.fi)

Received 15 September 2016; accepted 8 February 2017; advance online publication 31 May 2017. doi:10.1038/pr.2017.42

356 Pediatric RESEARCH Volume 82 | Number 2 | August 2017 Copyright © 2017 International Pediatric Research Foundation, Inc.

Articles | Basic Science Investigation

mailto:lara.lehtoranta@utu.fi
http://dx.doi.org/10.1038/pr.2017.42


The offspring were killed either at PND0 (day of birth), PND7, or
PND14. They were anesthetized with a rapid intraperitoneal
injection of pentobarbital sodium (200 mg/kg, Nembutal; Algin
BV, Maassluis, the Netherlands) and killed by cervical dislocation.
PND14 was selected as the maximum length of postnatal follow-up
because lung alveolarization is completed by that age, which suggests
full maturation of the cardiorespiratory system (11). Hearts and
bodies were weighted and randomly processed for analyses. The
trachea was ligated, and the heart and lung blocks were removed
under continuous distending pressure. The heart and lung blocks
were either processed for histological studies or frozen rapidly in
liquid nitrogen and stored at -80 °C.

Histology
Heart samples were fixed for 24 h in 10% buffered formalin and
embedded in paraffin. All samples were cut in 5 μm sections, stained,
and examined under UV light. The grid was set in the septum near the
apex of the heart (excluding the epicardium and the endocardium),
and morphology of the cardiomyocytes (12) was examined. A total of
five adjacent areas in two sections per heart were examined by a
pathologist blinded to the study group (J.L.). The regions investigated
were comparable between the groups. Mitotic cells were identified in
hematoxylin–eosin-stained samples by their dividing chromatin
figures (metaphase and anaphase most clearly identified) and counted
(number of mitotic cells/mm2). Apoptotic cells were identified by their
dense, hyperchromatic, and fragmented nuclei, eosinophilic cyto-
plasm, and a clear identifying halo (13). The apoptotic myocardial cells
were assessed by the TUNEL assay by a single investigator blinded to
the experimental group (V.K.) (14). Briefly, apoptotic nuclear DNA
strand breaks were end-labeled with digoxigenin-conjugated dideoxy-
UTP by terminal transferase, and digoxigenin antibody conjugated to
alkaline phosphatase was used to immunohistochemically visualize the
breaks. Adjacent tissue sections treated with DNase I to induce DNA
fragmentation served as a positive control for apoptosis. The
proportion of TUNEL-positive cardiomyocytes was calculated from
transverse left ventricular tissue sections using light microscopy (×200
magnification) with an ocular grid. Apoptotic cardiomyocyte cells
were identified by myofilaments surrounding the nucleus. Silver
staining was used to count the number of cardiomyocyte nuclei per
mm2 and to measure cardiomyocyte width from the narrowest
nucleus-crossing dimension. This was done by a single investigator
blinded to the experimental group (J.L.) (15). To further investigate
the cell turnover rates, we calculated the mitosis–karyorrhexis index
from hematoxylin–eosin samples by adding the number of mitotic and
apoptotic cells together (16).

Quantitative Reverse Transcription-Polymerase Chain Reaction
Total RNA was purified from HG and control offspring whole-heart
samples using Qiagen RNeasy reagents (Qiagen, Hilden, Germany).
There were 11 control and 14 HG samples at PND0, 13 and 15 at
PND7, and 14 and 13 at PND14. First-strand cDNA was synthesized
from RNA using Moloney murine leukemia virus reverse transcrip-
tase obtained from Promega, Madison, WI. The PCR reactions were

performed with an ABI 7300 Real-Time PCR System using TaqMan
chemistry (Applied Biosystems, Foster City, CA). The standard curve
method was used for quantification, and the results were normalized
to 18S RNA measured from the same samples (17). The primers and
bifunctional fluorogenic probes and identification numbers listed in
Supplementary Table S1 online (6–carboxyfluorescein and
tetramethylrhodamine) were designed with the Primer Express
software (Applied Biosystems). The markers were selected according
to their function and association with the fetal gene expression
program (18) and our previous results in rat fetal hearts (9).

Statistical Analyses
All data were analyzed using one-way analysis of variance, with the
dam as a random effect, or using Student’s t-test or the Mann–
Whitney U-test when appropriate. Analyses tested the significances
of the mean differences in the outcome variables. Repeated
measurements of gene expression and histologic data were analyzed
using time, maternal HG, and interaction between the two as
independent variables. The statistical analyses were performed using
SAS (version 9.2; SAS Institute, Cary, NC). Statistical significance
was set at P≤ 0.05. The results are presented as mean± s.d..

RESULTS
Hearts on the Day of Delivery
At birth, heart and body weights and the heart-to-body weight
ratio were increased in the maternal pregestational HG group
compared with those in controls (Table 1). However, there
were no differences in cell turnover parameters or in cell
width measurements and in the number of cell nuclei between
the groups (Table 2 and Figure 1).
Concerning genes related to cardiac growth, the expression

of the tumor necrosis factor receptor superfamily member 12a
(Tnfrsf12a), which is involved in cardiomyocyte proliferation,
was decreased in the HG group, whereas hypoxia inducible
factor (HIF)-prolyl hydroxylase 3 (Egln3), involved in
apoptosis, was similarly expressed in both groups. The
expression of myocardial adult skeletal myosin heavy chain
2 (Myh2) and α-cardiac myosin heavy chain 6 (Myh6) was
decreased in the HG group, whereas the expression of
embryonic skeletal myosin heavy chain 3 (Myh3) did not
differ between the groups. In the HG group, the expression of
the natriuretic peptide gene type b (Nppb) was increased,
whereas the expression of the atrial natriuretic peptide gene
(Nppa) was similar in both groups (Figure 2). In the HG
group, the expression of sarcoplasmic reticulum Ca2+-ATPase
(Atp2a2, or Serca2a), which controls cardiomyocyte
relaxation and contraction, was decreased as was the

Table 1. Neonatal heart and body weights

Variable Control Hyperglycemia

PND0 PND7 PND14 PND0 PND7 PND14

Number of pups 20 28 27 28 24 21

Number of dams 2 3 4 3 3 4

Heart weight (mg) 0.030± 0.005 0.082 ± 0.010 0.15 ± 0.01 0.039± 0.004** 0.076± 0.009 0.15± 0.01

Body weight (mg) 5.8 ± 0.3 16.1 ± 2.5 30.8 ± 4.7 5.8 ± 1.0 12.1 ± 1.6† 23.4 ± 4.3†

Heart/body weight (mg) 0.0053± 0.0008 0.0057± 0.0007 0.0055± 0.0004 0.0064± 0.0009* 0.0060± 0.0006 0.0056± 0.0005

PND, postnatal day.
Data are given as means ± s.d.
*Po0.05; **Po0.001, †Po0.0001.
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expression of Kv channel-interacting protein 2 (Kcnip2),
which is important for controlling cardiac electrical function.
Maternal HG affected the expression of genes related to
cardiac metabolism. The expression of the facilitated (Slc2a3)
and the insulin-responsive glucose transporters (Slc2a4) and
of uncoupling protein 3 (Ucp3) was decreased in the HG
group, whereas the expression of Ucp2 was similar between
the groups.

Neonatal Hearts 1 Week after Delivery
At the age of 1 week, the neonatal rat heart weights of the HG
group were similar to those in the control groups, but the
body weight was lower in the HG group (Table 1). Again, at

this time there were no differences in cell size and turnover
parameters between the groups; however, the number of
apoptotic cells was higher in the HG group compared with
controls (Table 2).
Most of the changes in cardiac gene expression at birth had

become normal in the HG group by week 1 after delivery
(Figure 2). The expression of Slc2a4 was still lower in the HG
group, and, interestingly, the expression of Myh3 had
decreased in the HG group relative to the control group.

Offspring Hearts 2 Weeks after Delivery
At the age of 2 weeks, the heart and body weights and
the heart-to-body weight ratio were similar in both groups

Table 2. Neonatal cardiomyocyte cell cycle

Variable Control Hyperglycemia

PND0 PND7 PND14 PND0 PND7 PND14

Number of pups 11 15 10 14 12 14

Number of dams 2 3 3 3 2 3

H&E

Mitotic cells (no. of nuclei/mm2) 5.36± 4.10 6.17± 3.41 1.50 ± 0.97 5.44 ± 3.16 6.58 ± 2.94 2.86 ± 1.85*

Apoptotic cells (no. of nuclei/mm2) 1.27± 1.17 0.57± 0.56 0.30 ± 0.26 0.82 ± 0.75 0.67 ± 0.62 0.64 ± 0.66

MKI 6.64± 4.92 6.73± 3.65 1.80 ± 1.14 6.26 ± 3.55 7.25 ± 3.14 3.50 ± 1.75*

Gömöri

Cell size (μm) 7.06± 1.10 7.36± 0.50 8.44 ± 1.26 6.50 ± 0.64 6.96 ± 0.55 7.84 ± 0.89

Nuclear count (no. of nuclei/mm2) 5900± 733 5321± 759 5357± 1370 6025± 910 5691± 554 4818± 794

TUNEL

Apoptotic cells % (% of total nuclei) 0.17 ± 0.13 0.02± 0.03 0.05 ± 0.05 0.12 ± 0.06 0.08 ± 0.04** 0.05 ± 0.04

H&E, hematoxylin and eosin; MKI, mitosis–karyorrhexis index; PND, postnatal day; TUNEL, terminal deoxynucleotidyl transferase nick-end labeling.
Data are given as means ± s.d.
*Po0.05; **Po0.001.

a c
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Figure 1. Histology of rat offspring myocardium at PND0 and 14. On the left is a hematoxylin–eosin (H&E)-stained sample and on the right a TUNEL
sample. Scale bar on bottom right = 100 μm. (a) Control myocardium of newborn (PND0). An apoptotic cell is seen (downward arrow). (b)
Myocardium from a newborn of hyperglycemia (HG) dam (PND0). There are no apoptotic cells, but myocardial cells are notably disorganized.
(c) Myocardium of control offspring at PND14. No mitotic or apoptotic cells are seen, the cells are clearly aligned, and striation is clearly seen. (d)
Myocardium of offspring of a HG dam at PND14. Mitotic cells (rightward arrow) and an apoptotic cell (downward arrow) are seen. Striation is less
well defined than that in control offspring at PND14 (frame C). PND, postnatal day; TUNEL, terminal deoxynucleotidyl transferase nick-end labeling.
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(Table 1). However, the number of mitotic cells and the
mitosis–karyorrhexis index were increased in the HG group.
On the other hand, the number of apoptotic cells (TUNEL
assay), the cell width, and the number of cell nuclei were
similar between the groups (Table 2).
By now, expression of almost all of the cardiac genes

examined was enhanced in the HG group compared with
controls (Figure 2). Only the expression of Nppa and Myh3
was similar between the groups. Table 3 shows the changes in
gene expression between the day of delivery and at the age of
2 weeks in the HG and control groups.

DISCUSSION
This experimental study shows that maternal HG during
pregnancy modifies expression of the genes that have an
important role for cardiac growth, function, and metabolism
in the rat offspring. Most of the changes in cardiac gene
expression become normal during the first week of life of the
offspring. However, by the age of 2 weeks, equivalent to a
human infant age of 3–6 months, expression of the genes that
regulate cardiac growth, function, and metabolism was again
significantly higher in the HG group than in the group of
offspring to healthy rats who had had an uneventful

pregnancy. These gene expression alterations may have a
role in later cardiovascular morbidity.
Maternal high blood glucose during pregnancy correlates

with fetal HG in both humans (19) and rats (20) and leads to
excess growth of pancreatic β-cells (19,20). After birth, the
glucose supply to the newborns decreases markedly and
hyperinsulinemic hypoglycemia ensues in humans (7,19) and
rats (20,21). In rats, this lasts only a few hours, after which the
newborn becomes normoglycemic (20). In the present study,
after birth all rat newborns were fed by euglycemic dams. In
rats, pregestational maternal HG results in fetal cardiac
hyperplasia, myocardial remodeling, a transient reduction in
cardiac output, and decreased heart rate during the last
trimester of pregnancy (9) as well as impaired placental
function (22). In the present study, the heart weight of
newborns to rats with maternal pregestationally induced HG
was higher than that of newborns to control rats. However,
the size of the cardiomyocytes cells remained similar. At the
same time, cardiac gene expression patterns in the HG group
suggest that cardiac development favors slower myosin
isotypes and decreased expression of genes involved in the
regulation of cardiac contraction, Atp2a2 and Kcnip2, and
increased Nppb expression on the day of delivery. Tele-
ologically, exposure to intrauterine HG seems to induce
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Figure 2. Cardiac gene expression at postnatal days 0, 7, and 14 (gene/18S). White columns represent the control group and black columns the
hyperglycemia (HG) offspring gene expression. (a) Nppb, B-type natriuretic peptide gene; (b) Tnfrsf12a, tumor necrosis factor receptor superfamily,
member 12a; (c) Myh2, adult skeletal heavy chain myosin-2; (d) Myh3, embryonic skeletal heavy chain myosin-3; (e) Myh6, alpha cardiac heavy chain
myosin-6; (f) Atp2a2, sarcoplasmic reticulum Ca2+-ATPase; (g) Kcnip2, Kv channel-interacting protein 2; (h) Slc2a3, facilitated glucose transporter 3; (i)
Slc2a4, insulin-responsive glucose transporter 4; (j) Ucp2, uncoupling protein 2; (k) Ucp3, uncoupling protein 3; (l) Egln3, HIF-prolyl hydroxylase 3/egl nine
homolog 3. mRNA concentrations are given as arbitrary units (AU). Data are presented as mean± s.d. *P≤0.05; **Po0.001, †Po0.0001. PND,
postnatal day.
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myocardial contraction that saves energy and oxygen (23).
Cardiac expression of genes involved in electrical, contractile,
endocrine, and metabolic function is affected by maternal HG
near term (9). In the present study, the expression patterns of
cardiac genes on the day of delivery were similar to those near
term, with the exception for genes involved in cardiac
metabolism (Slc2a3, Ucp2, Ucp3), growth (Tnfrsf12a), and
contractility (Myh2). We believe this is due to an increased
oxygen partial pressure and altered cardiac loading conditions
after birth.

At the age of 1 week, cardiac weight was comparable
between the groups, whereas the body weight was lower in the
neonatal rats born to dams with pregestational HG. Further-
more, most gene expression changes of the heart detected on
the day of delivery had become similar to what was observed
in the control group. However, the expression of slower
embryonic myosin (Myh3) was reduced in the neonatal rats of
HG dams compared with that in control dams. This suggests a
transition to faster myosin isoforms in the myocardium.
Two weeks after birth, cardiac and body weights were

similar in the offspring of both groups, but the proliferative
activity in the myocardium was higher in the maternal HG
group. The expression of several cardiac genes was increased,
including the genes regulating glucose transporters and
uncoupling proteins. At the same time, there is a shift in
energy supply from glucose to fatty acids in the cardiomyo-
cytes as a part of the cardiac maturation process (23).
Especially Ucp3 seems to be highly expressed when the
mitochondrial fatty-acid supply exceeds its oxidative capacity
(24,25). In humans, interestingly, excess cardiac growth
related to maternal diabetes seems to delay neonatal transition
from carbohydrates to fatty acids as a main energy resource in
the cardiomyocytes (26). Insulin resistance further increases
the supply of fatty acids to the mitochondria (24).
At 2 weeks, the expression of genes involved in cardiac

contractility was also increased. A crucial regulator of
myocardial excitation and contraction is Atp2a2, the signaling
of which requires high concentrations of ATP in its vicinity.
Consequently, its expression is significantly reduced in
hypoxic conditions (27). In newborn murine hearts, the
sarcoendoplasmic ATPase regulation is known to evolve
gradually (28). In the present study, the cardiac expression of
contractility- and metabolism-involved genes, as well as fast
cardiac α-myosin (Myh6), increased in the offspring of
hyperglycemic dams between 1 and 2 weeks of life, although
the expression pattern in the control offspring was opposite.
We propose that maternal pregestational HG leads to long-
term changes in cardiac gene expression of the offspring.
A few weeks after delivery, the offspring of HG dams are at

an increased risk for hypertension, HG, proteinuria, and
limited weight gain (24), and, 15 weeks after delivery, the
offspring born to dams with HG during pregnancy become
insulin-resistant (20), comparable to a state of pre-metabolic
type 2 diabetes. In rats, hypertension during the neonatal
period causes arterial vasoconstriction later in life (29). In
humans, as well, hypertension early in life predisposes to
cardiovascular disease in adulthood (30). Our observations
showing altered cardiac gene expression patterns at the age of
2 weeks further support the concept that maternal pregesta-
tional HG could predispose the offspring to cardiovascular
morbidity.
Our experiment has certain limitations. An animal model

can only mimic human disease to a certain extent. However,
the streptozotocin-induced HG model has been used in
experimental studies on diabetes and related conditions for
decades, and its limitations and benefits are known (10,31).

Table 3. Neonate cardiac gene expressions and an analysis of
differences within the groups on PND0 and 14 (gene/18 S, arbitrary
units)

Variable Control Hyperglycemia

PND0 PND14 PND0 PND14

Number of pups 10 15 14 13

Number of dams 2 4 3 3

Natriuretic peptides

Nppa 0.89± 0.46 0.77 ± 0.65 1.29 ± 0.70 0.80 ± 0.86

Nppb 2.08± 1.31 0.66 ± 0.43* 3.50 ± 1.69 1.35 ± 0.66**

Growth

Tnfrsf12a 2.82± 1.14 0.44 ± 0.23 † 1.79 ± 0.96 0.85 ± 0.28*

Myosins

Myh2 1.28± 0.83 0.56 ± 0.22* 0.71 ± 0.50 0.95 ± 0.27

Myh3 1.40± 0.47 0.26 ± 0.17† 2.07 ± 1.74 0.50 ± 0.56*

Myh6 1.32± 0.35 0.89 ± 0.26* 0.92 ± 0.33 1.66 ± 0.51**

Contractility

Kcnip2 0.91± 0.27 1.13 ± 0.41 0.49 ± 0.18 2.35 ± 0.76†

Atp2a2 0.99± 0.22 1.15 ± 0.25 0.74 ± 0.19 1.83 ± 0.43†

Metabolism

Slc2a3 1.63± 0.29 0.88 ± 0.29** 0.93 ± 0.35 1.48 ± 0.18†

Slc2a4 0.64± 0.15 1.28 ± 0.38** 0.47 ± 0.27 2.47 ± 0.72†

Ucp2 1.24± 0.65 1.13 ± 0.26 1.01 ± 0.35 2.12 ± 0.54†

Ucp3 0.26± 0.12 2.36 ± 1.33** 0.18 ± 0.07 4.36 ± 1.53†

Apoptosis

Egln3 1.06± 0.34 0.94 ± 0.31 0.95 ± 0.32 1.87 ± 0.52†

Atp2a2, sarcoplasmic reticulum Ca2+-ATPase; Egln3, HIF-prolyl hydroxylase 3/egl
nine homolog 3; Kcnip2, Kv channel-interacting protein 2; Myh2, adult skeletal
heavy chain myosin-2; Myh3, embryonic skeletal heavy chain myosin-3; Myh6, alpha
cardiac heavy chain myosin-6; Nppa, A-type/atrial natriuretic peptide gene; Nppb,
B-type natriuretic peptide gene; PND, postnatal day; Slc2a3, facilitated glucose
transporter 3; Slc2a4, insulin-responsive glucose transporter 4; Tnfrsf12a, tumor
necrosis factor receptor superfamily, member 12a; Ucp2, uncoupling protein 2;
Ucp3, uncoupling protein 3.
Data are given as means ± s.d.
*Po0.05; **Po0.001, †Po0.0001.

Articles | Lehtoranta et al.

360 Pediatric RESEARCH Volume 82 | Number 2 | August 2017 Copyright © 2017 International Pediatric Research Foundation, Inc.



One of the limitations is that this model does not induce all
the pathogenic processes of human autoimmune type 1
diabetes—i.e., renal, electrolyte, and lipid homeostasis dis-
turbances (7), oxidative stress (32), and pro-inflammatory
processes (33). Furthermore, we do not have data on neonatal
blood glucose levels.
In conclusion, our study shows that maternal pregestational

HG is associated with altered expression of genes that regulate
cardiac growth, function, and metabolism. The gene expres-
sion alterationspatterns are mostly normalized by the age of
1 week, only to return to a higher level by 2 weeks of age. Our
results suggest that maternal pregestational HG could
reprogram the myocardium of the offspring and cause long-
term consequences for the cardiac gene expression patterns.
This could predispose the offspring to cardiovascular
morbidity later in life.
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