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Abstract

Gestational diabetes mellitus and new-onset hypertension, which includes gestational hypertension and pre-eclamp-
sia, are common complications of pregnancy. Many features of the insulin resistance syndrome have been associated
with these conditions. These include glucose intolerance, hyperinsulinemia, hypertension, obesity, and lipid abnor-
malities. Other accompanying abnormalities may include elevated serum levels of leptin, TNFa, plasminogen activa-
tor inhibitor-1 and testosterone. The establishment of these features before the onset of gestational diabetes mellitus
and hypertension in pregnancy suggests that insulin resistance or associated abnormalities may play a role in these
disorders. These observations suggest that therapeutic interventions to reduce insulin resistance may lower the risk

of both gestational diabetes mellitus and hypertension in pregnancy. Hippokratia 2006; 10 (3): 105-111
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Introduction

With a prevalence of 5%-10% the polycystic ovary
syndrome (PCOS) is probably the most common endo-
crine abnormality in women of reproductive age'*. Be-
sides reproductive endocrine abnormalities, including
amenorrhea or oligomenorrhea, hyperandrogenism and
chronic anovulation, a key feature of PCOS is insulin
resistance (nearly 80% of obese and 30% of lean women
with PCOS demonstrate insulin resistance) with com-
pensatory hyperinsulinemia and a B-cell dysfunction®®.

The presence of insulin resistance in PCOS has im-
portant later consequences upon health. Insulin resis-
tance is associated with an increased risk for several dis-
orders, including type 2 diabetes, hypertension,
dyslipidaemia, endothelial dysfunction, elevated
endothelin-1 and cardiovascular disease. This group of
abnormalities coupled with insulin resistance constitutes
the so-called “metabolic syndrome™’”. Many women with
PCOS show a phenotype similar to Syndrome X. There-
fore, PCOS may be considered a component of the
metabolic syndrome?®.

It has been demonstrated that women with PCOS
present an increased risk for diabetes development and
hypertension during pregnancy®'®. These complications
might be attributed to the coexisted insulin resistance
and f-cell dysfunction in a significant percentage of
women with PCOS before conception®®.

Insulin resistance of normal pregnancy

Pregnancy is a complex metabolic entity that involves
major alterations in the hormonal status as well as an
increasing burden of fuel utilisation by the conceptus.
In normal pregnancy, insulin resistance and compensa-

tory hyperinsulinemia occur in the second and maxi-
mize in the third trimester of pregnancy. The insulin
resistance of normal pregnancy is advantageous. It is
regulated by placental hormones and is a physiological
adaptation that ensures adequate amounts of maternal
glucose to the increasing nutritional and growth demands
of the developing fetus'” 122,

The insulin resistance of normal pregnancy is prob-
ably mediated by several hormonal changes, including
increases in serum levels of estradiol, progesterone, pro-
lactin, cortisol, human chorionic gonadotropin, placen-
tal growth hormone and human placental lactogen. Hu-
man placental lactogen (hPL) has been considered as
the main insulin resistance hormone of pregnancy®.
Human placental lactogen presents its peak at thirty weeks
of gestation and has been shown to have both insulin
and anti-insulin effects. The major role of hPL may be
the adaptive increase in insulin secretion necessary for
pregnancy rather than the induction of insulin resistance.
Tumour necrosis factor-alpha (TNF-a) was recently
demonstrated to have a strong correlation with the in-
sulin resistance of pregnancy but its role is not yet clear®.

Human placental growth hormone (hPGH) is prob-
ably the main factor to mediate the insulin resistance of
pregnancy, since it is known that chronically elevated
levels of pituitary growth hormone have diabetogenic
effects. Human placental growth hormone differs from
pituitary growth hormone by 13 amino-acids®. It is not
regulated by growth hormone releasing hormone (GH-
RH) or inhibited by somatostatin analogues, but has
the same affinity for the GH receptor as the pituitary
growth hormone. By twenty weeks of gestation it re-
places pituitary GH almost completely in the maternal
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circulation. Human placental GH does not cross the pla-
centa and appears to regulate the maternal levels of IGF-
1. Maternal IGF-1 levels in plasma correlate with hPGH
levels, not with hPL. Human placental growth
hormone seems to be a paracrine growth factor, which
through insulin growth factors may partially regulate
the metabolic, and growth needs of the fetus. Barbour
et al recently demonstrated in transgenic mice that hPGH,
at levels similar to the third trimester of human preg-
nancy, causes severe insulin resistance, exhibited by both
fasting and post-prandial hyperinsulinaemia; these mice
require insulin levels that are five to seven times higher
in order to maintain euglycaemia. They also demonstrate
a marked decrease in insulin-induced GLUT-4 translo-
cation to the plasma membrane. Additionally, Barbour
et al found that the skeletal muscle tissue of these mice
demonstrate abnormalities in insulin signaling which bear
a remarkable similarity to that found in normal
pregnant women and in pregnant women with gesta-
tional diabetes. These data suggest that human pla-
cental growth hormone may be a significant mediator of
insulin resistance in normal pregnancy?*?’.

The insulin resistance of normal pregnancy has been
well described. Nevertheless, the hormonal mechanisms
by which insulin resistance is triggered remain a subject
of debate. Normal pregnancy is characterized by a "50%
decrease in insulin-mediated glucose disposal and by a
200%-250% increase in insulin secretion in humans®-%.
Hepatic gluconeogenesis is not normally suppressed by
insulin. This procedure occurs in order to meet the meta-
bolic demands of the fetus, of which glucose represents
a 80% of the fetal energy, yet it maintains euglycaemia in
the mother®. In normal pregnancy there isa decreased
expression of the GLUT-4 glucose transporter protein
in maternal adipose tissue™ but not in skeletal muscle.
Skeletal muscle is the main site of insulin-mediated glu-
cose disposal in vivo, suggesting that the mechanisms
behind insulin resistance in skeletal muscle lie or in the
pathways for insulin signaling or in the abnormal trans-
location of GLUT-4 °".

It has been demonstrated that in human incubated
muscle fibres obtained at term by caesarean section from
normal pregnant women with obesity, maximal insulin-
stimulated 2-deoxyglucose transport was significantly
reduced by 32% 3'. In these skeletal muscle fibres, nor-
mal pregnancy caused reduced insulin receptor tyrosine
kinase activity toward IRS-1 as well as reduced expres-
sion of insulin receptor substrate-1 (IRS-1)*2. Recent
data in pregnancy also demonstrate increases in serine
phosphorylation of the insulin receptor, which may pre-
vent optimal binding of IRS-1 to phosphotidylinositol
(PI) 3-kinase resulting in inhibition of GLUT-4 translo-
cation®.

Insulin resistance in gestational diabetes

In pregnancies complicated by gestational diabetes
mellitus (GDM) further insulin resistance occurs and
an inability to a compensatory increase in insulin secre-

tion appears??**. The pancreatic beta cell secretory de-
fect is present in both obese and lean women with GDM.
It has been demonstrated that overweight women who
will develop GDM present insulin resistance prior to
pregnancy as measured by a hyperinsulinaemic-
euglycaemic clamp?. Insulin-mediated glucose disposal
continues to decrease in the second and third trimester
of pregnancy and is about two-thirds that of normal
pregnant women matched for weight. Moreover, women
with GDM improve their insulin resistance postpartum;
however, they never achieve the same degree of  insu-
lin-mediated glucose  disposal as normal preg-
nant women do.

Studies on muscle fibres from pregnant
women undergoing caesarean section demonstrated
that the mechanisms for skeletal insulin resistance in
obese women with GEM involve impaired insulin
receptor B-subunit tyrosine-phosphorylation and de-
creased IRS-1-phosphorylation and expression®-% A
significant decrease in maximal insulin receptor tyrosine-
phosphorylation was demonstrated in muscle from
obese GDM women compared to obese pregnant
women’*3!, This insulin receptor tyrosine kinase activity
(IRTK) catalyses the phosphorylation of various insu-
lin receptor substrates, particularly IRS-1, to undergo
tyrosine-phosphorylation. While insulin receptor ty-
rosine-phosphorylation is impaired in GDM patients
only, IRTK is significantly reduced by 23% in pregnancy
and by 41% in the muscle fibres of GDM patients com-
pared to obese non-pregnant controls. Conclusively,
these data suggest a possible insulin receptor defect that
may exacerbate the physiological effects of normal preg-
nancy.

Gestational diabetes mellitus in women with
polycystic ovary syndrome

Gestational diabetes mellitus is detected in 3%-4%
of pregnancies in women aged 15-49 years and is associ-
ated with an increased later risk for type 2 diabetes. Risk
factors for gestational diabetes include obesity, age, ge-
netic background, PCOS and ethnicity**. Fetal macroso-
mia in gestational diabetes increases the rates of birth
trauma and cesarean section®. Diagnosis and manage-
ment of gestational diabetes may reduce perinatal, neo-
natal, and long-term pediatric complications®*.

Insulin resistance and hyperinsulinemia all of which
are risk factors for gestational diabetes characterize
women with PCOS. These women, 46% of whom de-
velop GDM?*, enter pregnancy with higher insulin resis-
tance than normal women®**'. Women with PCOS prob-
ably develop GDM when pancreatic3-cells cannot over-
come the superimposition of the physiological insulin
resistance of pregnancy on their high preconception in-
sulin resistance *143°. Women in whom gestational diabe-
tes develops are likely to have underlying polycystic ova-
ries*> and women with PCOS are likely to develop gesta-
tional diabetes>*10,

Obesity, which characterizes a great percentage of
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PCOS patients, has a deleterious additive effect on car-
bohydrate homeostasis and increases insulin resistance
during gestation®’. In normal women, high maternal in-
sulin in early pregnancy promotes gestational weight gain
and weight retention post-partum, increasing the risk of
GDM and, later of type 2 diabetes mellitus *‘. Body mass
index (BMI) >25 kg/m? is a major predictor of GDM*.

Women with polycystic ovary syndrome often
present with infertility ***”. Therefore, women with PCOS
are older than the general population at conception,
which is another risk factor for gestational diabetes's.

The association among insulin resistance, metabolic
syndrome, and androgen excess in PCOS has led to the
use of insulin-sensitizing agent such as metformin with
reported improvements in hyperinsulinemia and
hyperandrogenemia. Treatment with metformin only,
produced a modest reduction in weight and hirsutism in
women with PCOS*. Metformin administration through-
out pregnancy in women with PCOS reduces GDM,
from 26%-31% to 3%-4% "****. Thus, the frequency of
GDM in women with PCOS on metformin does not
differ from normal pregnant controls'.

Metformin administration during pregnancy leads
to a modification of the observed changes in insulin re-
sistance during gestation. In women on metformin, se-
rum insulin levels did not rise significantly during the
first and the second trimesters of pregnancy compared
to the last preconception visit. Moreover, on metformin
there was no difference in fasting serum insulin levels
between the third trimester (increase only 10%) and the
last preconception visit on metformin, with insulin levels
also lower in the third trimester than before metformin
initiation'”. Consequently, the expected changes during
pregnancy, namely a significant increase in insulin and
insulin resistance, were abated and blunted, by
metformin, suggesting that metformin improves the
“natural” insulin resistance changes during gestation in
hyperinsulinemic PCOS women!17: 192036,

A second benefit of metformin treatment in women
with PCOS is weight maintenance before conception and
weight loss throughout pregnancy, particularly evident
in women with BMI 30-40 and 340Kg/m?. These actions
probably contribute to insulin resistance reduction and
to the development of GDM !4,

A third effect of metformin treatment during preg-
nancy in women with PCOS is serum testosterone low-
ering, which, like the prevention of weight gain, is prob-
ably mediated through its insulin sensitizing action®'52. It
has been proposed that high androgen levels during
pregnancy in untreated women with PCOS could pro-
vide a potential source of androgen excess for the fetus,
without leading to fetal virilization®?. Metformin treat-
ment throughout pregnancy in PCOS should reduce
any putative risk of fetal virilization conferred through
androgen excess'’.

Hypertensive disorders of pregnancy (HDP)
A percentage of 5%-10% of pregnancies are com-

plicated by pregnancy-induced hypertension. This dis-
order is a major cause of maternal, fetal, and neonatal
morbidity and mortality. Although complications of hy-
pertensive disorders of pregnancy (HDP) have been
recognized for centuries, the causes of these disorders
remain poorly understood. Various data indicating as-
sociations of features of the insulin resistance syndrome
and these disorders suggest that additional research is
needed to elucidate the potential role of insulin resis-
tance in the pathogenesis of pregnancy induced hyper-
tension.

Hypertensive disorders of pregnancy include:

i) new onset of hypertension during pregnancy (ges-
tational hypertension or preeclampsia),

ii) pre-existing hypertension, and

iii) exacerbation of pre-existing hypertension®.

New-onset hypertension develops during the second
half of pregnancy, usually in the third trimester in 3%-
5% of women who were previously normotensive. Preec-
lampsia is a multi-system syndrome mainly character-
ized by proteinuria (300 mg protein or more over 24 h).
Proteinuria due to glomerular endotheliosis and oedema
secondary to increased vascular permeability represent
only the “tip of an iceberg” of a widespread pathology
arising from endothelial dysfunction and damage'®. Other
systemic manifestations include generalized intravascu-
lar coagulation, haemolysis, elevated liver function tests,
and, rarely, seizures (eclampsia). Gestational hyperten-
sion, a generally more benign disorder, is diagnosed when
blood pressure is elevated in the absence of the above
findings. When other systemic manifestations of disease
are absent, the distinction between preeclampsia and
gestational hypertension is based on the presence and
magnitude of proteinuria. It is not clear whether gesta-
tional hypertension and preeclampsia are different dis-
ease entities or different manifestations of the same dis-
ease process. It is possible that insulin resistance may
play an important role in both of them. Twenty per cent
of women with pre-existing hypertension develop su-
perimposed preeclampsia, with its attendant risks.

The etiology of hypertensive pregnancy is uncertain
and includes immune, genetic, and placental abnormali-
ties. Three main hypotheses have been proposed re-
garding the metabolic alterations involved in the aetiol-
ogy of hypertensive disorders in pregnancy, namely en-
dothelial dysfunction and activation, oxidative stress and
insulin resistance. All may contribute to the characteris-
tic endothelial dysfunction of hypertensive disorders in
pregnancy. Endothelial dysfunction may, in turn, un-
derlie several critical features of preeclampsia, including
vasoconstriction, hypertension, loss of the usual preg-
nancy-associated refractoriness to pressor effects of an-
giotensin II, increased platelet aggregation, and pro-
teinuria>.

It has been postulated that abnormalities of the pla-
centaare the primary cause of preeclampsia. However,
the observations that several metabolic abnormalities
predispose to the development of preeclampsia, and that
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these abnormalities are also observed in the non-preg-
nant state in women who have had preeclampsia, sug-
gest that maternal features must also be considered.

All cases of new onset HDP are unlikelyto be attrib-
utable to a single cause. Rather, different etiologies may
lead to the same phenotype in different women.

Endothelial dysfunction and activation

Many markers of endothelial dysfunction have been
observed in HDP. Coagulation activation proceeds
weeks to months the clinical onset. The damaged endot-
helium of HDP is reflected by elevated levels of plasmi-
nogen activator inhibitor-1 (PAI-1) and von Willebrand
factor'®. Endothelial dysfunction is indicated by the el-
evated plasma levels of soluble adhesion molecules,
which may be manifested before the clinical onset®>. Al-
though the increased serum levels of cytokines (TNFa,
IL-6 and IL-8), observed only in the HDP group, indi-
cated that endothelial activation is a consequence of
abnormal trophoblast invasion, still additional factors
are involved in its manifestation, which might be related
to cytokine release.

Endothelial activation in HDP results in an enor-
mous release of endothelin, thromboxane and super-
oxide, as well as an increased vascular sensitivity to the
pressor effects of angiotensin II, and a decreased for-
mation of vasodilators such as nitric oxide and
prostacyclin by the damaged endothelium?®. This may
lead to an increase in total peripheral resistance, de-
spite the increasing plasma volume of pregnancy, and
thus to vasospasm and hypertension. However, a case
control study, of non-pregnant, normotensive preg-
nant and HDP pregnant women, showed that nitric
oxide (NO) and endothelin-1 production were in-
creased in the hypertensive disorders in pregnancy
group compared to the other groups”. The increased
formation of the vasodilator NO was considered to be
a compensatory response to the vasoconstriction and
hypertension.

Ocxidative stress

Oxidative stress is a component of HDP. The oxida-
tive stress theory of HDP involves the hypothesis that
the abnormal placentation and dyslipidaemia results in
a release of free radicals, particularly superoxide an-
ions, and lipid hydroperoxides, which damage the vas-
cular endothelium . Oxidative stress may link the de-
creased placental perfusion in HDP to the maternal re-
sponse, via direct vascular damage and endothelial dys-
function.

Data from the literature support the view that anti-
oxidant supplementation was associated with an im-
provement in biochemical indices of the disease. Evi-
dently, these findings need further investigation via large
randomised controlled trials, but raise the exciting pos-
sibility that antioxidants, either dietary or pharmaceuti-
cal, may have a role in the prevention of HDP in high-
risk patients. It has been hypothesised that regular ex-

ercise enhances antioxidant enzymes in pregnant women,
reduces oxidative stress and the incidence of HDP, and
at the same time promotes a healthy lifestyle’.

Insulin resistance

In women with HDP an exaggeration of insulin re-
sistance and associated metabolic changes is noted. Al-
though it is not clear to what extent these factors are
pathogenic in hypertensive pregnancy, the available data
suggest that some may play a rolein the evolution of the
disease, whereas others may be markers of the underly-
ing disease process. Exaggerated hyperinsulinemia rela-
tive to normal pregnancy is well described in women with
established gestational hypertension or preeclampsia.
Studies upon insulin resistance have suggested differ-
encesbetween women with de novo hypertension in preg-
nancy and normotensive women as well.

Insulin resistance precedes the development of HDP.
Various studies have documented hyperinsulinemia and/
or hyperglycemia in early or midpregnancy, before the
development of preeclampsia, gestational hypertension,
or both®®!, Hyperinsulinemia may directly predispose to
hypertension by increased renal sodium reabsorption
and stimulation of the sympathetic nervous system®.
Insulin resistance and/or associated hyperglycemia may
impair endothelial function®.

Two other factors, obesity and physical inactivity, are
closely associated with insulin resistance, and are predic-
tive of hypertensive pregnancy. A higher body mass in-
dex before pregnancy or early in pregnancy is associated
with increased risk for both gestational hypertension and
preeclampsia®%+65, Moreover, increased gestational weight
gain has also predicted risk for gestational hypertension®
or preeclampsia®’, between 6 and 16 weeks. Additional
factors, such as diet composition, may explain the associa-
tion between gestational hypertension and gestational
weight gain. Furthermore, it has been suggested that ges-
tational diabetes, which itself is associated with underlying
insulin resistance, is a risk factor for the development of
hypertensive pregnancy. This association persists even
after adjusting for obesity and maternal age®".

Other putative factors associated\
with hypertensive disorders in pregnancy
Lipids

In women with established preeclampsia, serum trig-
lyceride and free fatty acid levels have been found to be
higher and high-density lipoprotein cholesterol levels
lower than those in women with normotensive pregnancy
57 Elevated total serum cholesterol, triglyceride and free
fatty acid levels have been reported to antedate the de-
velopment of either gestational hypertension or preec-
lampsia®. Oxidized lipids may impair endothelial func-
tion directly or indirectly by effects on prostaglandins,
including increased synthesis of thromboxane and in-
hibited synthesis of prostacyclin®. Increases in small
dense LDL and triglycerides may also contribute to
impaired endothelial function.
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Leptin

It has been reported that leptin levels as early as 20
weeks’ gestation may predict the development of preec-
lampsia in a population of high risk®®. Increased leptin
levels may in part reflect maternal adiposity and have
also been hypothesized to reflect placental insufficiency.
Leptin might also contribute to endothelial dysfunction
by increasing free fatty acid oxidation™.

TNFa

It has been referred that TNFa or its receptor are
elevated in women with established preeclampsia com-
pared with normotensive controls’. Elevated TNFa lev-
els in the early third trimester may predict the develop-
ment of preeclampsia’ TNFo may promote hyperco-
agulability and increased lipolysis, with resulting impair-
ment of endothelial relaxation.

PAI-1

PAI-1 is elevatedin established preeclampsia and its
increase is related to the severity of the disease. Among
women at high risk for preeclampsia, the ratio of PAI-1
to PAI-2, the latter primarily produced by the placenta,
was increased before the development of the disease.
Increased PAI-1 may reflect impaired fibrinolytic func-
tion, which might predispose to the coagulopathy asso-
ciated with preeclampsia®.

Testosterone and SHBG

Total and free testosterone serum levels are higher
in women with established preeclampsia compared with
normotensive women. In the first trimester, lower SHBG
but neither total nor free testosterone serum levels pre-
dicted the later development of preeclampsia’.

Polycystic ovary syndrome, which is associated with
insulin resistance, elevated testosterone, and low SHBG
levels, has been linked to increased risk for pregnancy-
induced hypertension even in the absence of associated
obesity’®. Androgens increase vasoconstriction in re-
sponse to pressors”. Androgens also affect the prostag-
landin balance, decreasing the synthesis of prostacyclin’,
and leading to increased platelet aggregation, which are
both characteristics of preeclampsia.

Clinical implications and future directions

Although a cause and effect relationship between
the insulin resistance syndrome and gestational diabe-
tes mellitus and new-onset hypertension in pregnancy
has not been proven, the associations between these
conditions raise the possibility that interventions which
improve insulin sensitivity may reduce the likelihood of
these pregnancy complications. Because obesity is both
a major contributor to insulin resistance and a well es-
tablished risk factor for preeclampsia, interventions
which are scheduled to reduce weight before pregnancy
and/or to avoid excessive weight gain during pregnancy
may be proved effective. Moreover, increased exercise,
which improves insulin sensitivity, may also reduce risk.

Given the well-recognized adverse effects of obesity on
many pregnancy outcomes, including gestational diabe-
tes and pregnancy-induced hypertension, these ap-
proaches might be worthy in women at high risk of these
complications. Studies of pharmacological interventions,
such as the use of metformin, may also warrant study in
women at highrisk for preeclampsia.

Multiple studies have demonstrated associations
between markers of insulin resistance on one hand and
gestational diabetes mellitus and hypertensive pregnancy
on the other. Findings consistent with the insulin resis-
tance syndrome have been observed before, during, and
after these pregnancy complications. However, further
work is needed in several areas. More data are needed
to determine whether insulin resistance plays a causal
role inthe development of gestational diabetes mellitus,
gestational hypertension, and preeclampsia. To improve
our ability to identify women at risk for gestational dia-
betes mellitus and hypertensive pregnancy who might
benefit from closer monitoring and intervention, large
prospective longitudinal studies are needed to deter-
minewhether there are markers of insulin resistance with
sufficient sensitivity and specificity to be clinically rel-
evant. Studies should be designed to assess the effects
of specific interventions directed to the insulin resistance
syndrome on the risk of developing these complications
in pregnancy.
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