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ABSTRACT
During recent times we are dealing with multiple medical complications occurring in a single 
pregnant woman. It is well known fact that insulin resistance is present during normal 
pregnancy and it is relatively diabetogenic state. In women with genetic predisposition, 
diabetes, hypertension and hypothyroidism complicate pregnancy resulting in increased 
maternal and perinatal morbidity and mortality. There was evidence in the literature regarding 
insulin resistance and gestational diabetes. This review analysed the literature regarding the 
association of diabetes, hypertension and hypothyroidism and found that there is a linkage 
between these three disorders in pregnant state and the insulin resistance develops by 
multiple molecular mechanisms both centrally and in peripheral tissues. The key mechanism 
is insulin receptor substrate-1 (IRS-1) which gets inactivated by serine phosphorylation and 
leads to hyperglycaemia which in turn leads to stimulation of beta cells of pancreas and 
leads to hyperinsulinaemia. Pancreas has thyroid hormone receptors and this stimulates the 
secretion of insulin leading hyperinsulinaemia. Hyperglycaemia leading to increase in free 
fatty acids and together with proinflammatory factors and reactive oxygen species causes 
endothelial dysfunction and hypertension. More studies are necessary to target insulin 
receptor to increase insulin sensitivity and prevent these disorders occurring together.
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INTRODUCTION
Diabetes mellitus, hypertension and hypothyroidism 
are the common medical conditions encountered 
during pregnancy. They most often develop for the 
first time during pregnancy or may pre-exist. They 
cause severe maternal morbidity and also affect the 
developing fetus and result in increased perinatal 
morbidity and mortality. Increased insulin resistance 
(IR) has been reported during pregnancy and also in 
these disorders individually when they occur in the 
non-pregnant state.
It has been observed that pregnancy brings about 
many physiological changes in the body including 
exaggerated atherogenic responses, insulin resistance 
and dyslipidemia which can lead to the development 
of pre-eclampsia and gestational diabetes.[1] Thyroid 
disorders have been found to have association with 
insulin resistance by various mechanisms such as 
altered insulin secretion and lipid levels.[2,3] So it is 
plausible that, increased insulin resistance may result 
in development of these disorders during pregnancy. 
This review analyses from literature for any evidence 
regarding insulin resistance as a common pathway 
for the development of these disorders.

Insulin Resistance and Its Linkages and 
Effects on the Body
The term is self-explanatory in that there is a  
resistance at the cellular level for the insulin to bring 

about its action. It has been described as a pathological 
condition where the cells do not respond to its action 
which could be due to a defect at the receptor level 
or further downstream. Insulin resistance is defined 
as inability of a defined concentration of insulin to 
bring about a predictable biological response at the 
level of tissue in terms of nutrient metabolism. The 
effects are impaired glucose disposal at muscles, 
adipose tissue and hepatic gluconeogenesis.
It is known since decades that pregnancy is a 
diabetogenic state and carbohydrate intolerance 
develops due the pregnancy hormones such as 
human placental lactogen, corticosteroids etc. 
But these act at the peripheral level to increase 
the insulin resistance. In predisposed individuals, 
insulin resistance develops early and may be severe to 
produce various affects like hypertension, diabetes, 
hypothyroidism, obesity which have detrimental 
effects on the outcome of pregnancy. The mechanism 
of insulin resistance during pregnancy is illustrated 
in Figure 1.
There is development of proinflammatory or 
inflammatory state at tissue level which involves 
many pathways. The proinflammatory markers 
are mainly cytokines viz; interleukin-1 beta, 
interleukin-6, tumour necrosis factor-alpha and 
various other chemokines, adipocytokines etc. These 
stimulate the signalling of cytokine proteins which 
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block the signalling pathways of insulin receptor activity in islet cells 
of pancreas. There is evidence that C-reactive protein (CRP), a marker 
of inflammation, is also raised.[4] The various markers act after genetic 
expression in skeletal muscle, adipose tissue to inhibit the action of 
insulin on the insulin receptor mainly by inhibiting phosphokinase.
Insulin resistance during pregnancy is multifactorial. The human 
placental lactogen increases up to 30 fold and also there is increase in 
hPGH (human placental growth hormone) appearing after 20 weeks 
of gestation which causes increase in peripheral insulin resistance. 
There is increased secretion of insulin during pregnancy to maintain 
euglycaemia of pregnancy which results in hyperinsulinaemia. In 
the skeletal muscle and adipose tissue there are defective signalling 
pathways that were observed. Insulin binds to its receptor and stimulates 
tyrosine phosphorylation of the subunit of the receptor. This is defective 
in women who develop gestational diabetes mellitus (GDM). There is 
an intrinsic defect in insulin receptor tyrosine phosphorylation per 
receptor protein that could be due to an endogenous inhibitory pathway 
for receptor signalling resulting in reduced glucose transport in to the 
skeletal muscle and hence there is hyperglycaemia. This happens due to 
down regulation of insulin receptor substrate-1 (IRS-1) docking protein 
which is involved in triggering of phosphatidylinositol 3-kinase (PI3K). 
There is also down regulation of glucose transporter-4 (GLUT-4) protein 
in adipose tissue of pregnant women.[5]

The concept that insulin resistance is the primary mechanism for 
development of Diabetes was proposed in 1931 by Prof. Wilhelm Falta  
and confirmed in 1936 by Prof. Harold Percival in London. Recent 
literature suggests neuronal role in peripheral glucose metabolism by 
regulation of liver, brown adipose tissue and pancreatic function. The 
review by Johan Rudd and colleagues unravels the role of CNS in glucose 
homeostasis and insulin resistance. The areas in the hypothalamus 
concerned are arcuate nucleus, ventromedial nucleus and lateral 
hypothalamic area which are connected by neuroregulatory network. The 
extra hypothalamic nuclei involved are sensory and integrative clusters 
in hindbrain and parasympathetic and sympathetic preganglionic 
brainstem neurons. Acute activation of agouti-related peptide (AgRP) 

neurons was the key factor that impairs insulin sensitivity and increases 
the peripheral insulin resistance. Insulin actions on the hypothalamus 
result in lipolysis and increase in free fatty-acids and lipogenesis in 
adipocytes by reducing sympathetic tone. Vagus nerve which innervates 
most of the viscera is affected by the central action of insulin.[6]

Thyroid hormone receptors that are present in the islets cells of pancreas 
influence the secretion of insulin. Thyroid hormone promotes the genetic 
expression of MafA gene which is essential for normal development, 
proliferation and growth of β cells of pancreas.[7] Hyperthyroidism 
promotes gluconeogenesis and hypothyroidism impairs it in liver. 
Thyrotoxicosis was found to be associated with hyperinsulinaemia and 
by increasing protein kinase C (PKC), it influences the phosphorylation 
of insulin receptor thus causing insulin resistance.[8] There are numerous 
studies which proved the association of thyroid dysfunction especially 
subclinical hypothyroidism with metabolic syndrome in which the crux 
was the dyslipidaemia.[9,10] Thyroid autoimmunity also plays an important 
role in development of Insulin Resistance and the various mechanisms 
leading to IR in thyroid dysfunction was well brought out in an article 
published by Gabriela Branta.[11] Oxidative stress has also been suggested 
as a link between insulin resistance and hypothyroidism.[12] The various 
linkages between diabetes, hypertension and hypothyroidism are shown 
in Figure 2.
Prevalence of hypothyroidism in pregnancy is around 2.5% as per western 
literature and it varies from 0.4% to 11% worldwide. In India, prevalence 
ranges from 4.8% to 1% and subclinical hypothyroidism (SCH) is as 
high as 13.5%.[13,14] Raised antibodies to either thyroperoxidase (TPO) 
or thyroglobulin (Tg), also has high prevalence during pregnancy and 
varies widely from 5 to 15%.[15]

Although insulin resistance is a physiologic phenomenon in normal 
pregnancy, in predisposed individuals this could lead to hyperinsulinemia 
with the development of gestational hypertension, gestational diabetes 
mellitus, or both.[16] Gestational diabetes is carbohydrate intolerance 
of varied severity that begins or is first recognized during pregnancy. 
The underlying pathophysiology of gestational diabetes is a function of 
decreased maternal insulin sensitivity or increased insulin resistance. 
Women with gestational diabetes have decreased insulin sensitivity in 
comparison with weight-matched control groups.[17] Pregnancy related 
hormones such as hPL, progesterone, estrogen, cortisol and prolactin, 
newer mediators like tumour necrosis factor (TNF) alpha, leptin 
and interleukin-6 are responsible for increase in insulin resistance of 

Figure 1: Mechanism of Insulin Resistance during Pregnancy. Figure 2: Linkages between Diabetes, Hypertension and Hypothyroidism.
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pregnancy. Insulin resistance which is normally compensated by beta 
cell hyperplasia in pancreas is defective in GDM patients.
The insulin resistance of normal pregnancy is multifactorial with 
complex mechanisms involved affecting the glucose metabolism. 
The net effect of the combined hormonal and metabolic changes 
leads to anti-insulinogenic effect at the peripheral and hepatic tissues 
leading to development of GDM. Later half of pregnancy due to 
increased pregnancy related hormones further contributes to insulin  
resistance.[5] Compared with healthy pregnant women, GDM patients 
had higher serum TG concentrations (P<0.01), fasting insulin (P<0.001) 
and insulin resistance (HOMA-IR; P<0.001). These results suggest 
that symptoms of insulin resistance are present in women with GDM, 
which is indicated by higher arterial blood pressure, heart rate, serum 
triglycerides, insulin and increased insulin resistance.[18]

A trend of higher insulin and homeostasis model assessment-insulin 
resistance (HOMA-IR) levels has been observed in women developing 
hypertension.[19] Insulin resistance, therefore, has been considered 
as an independent risk factor for gestational hypertension among 
nulliparous women.[20] Increased insulin resistance can activate the 
sympathetic nervous system and lead to an increase in expression 
of receptors for endothelin, both of which lead to increased blood  
pressure.[1] Hypertension during pregnancy is characterized by the same 
features that define IR, including hypertension, dyslipidemia, disruption 
of endothelial and platelet function and related disturbances of prostanoid 
synthesis, coagulation and fibrinolytic abnormalities, hyperuricemia, 
atherosclerotic changes and obesity. Metabolic abnormalities like 
glucose intolerance, hyperinsulinemia, hyperlipidemia and high levels of 
plasminogen activator inhibitor-1, leptin and tumor necrosis factor-alpha 
which are associated with insulin resistance and also with hypertension 
during pregnancy. These observations suggest the possibility that 
insulin resistance may be involved in the pathogenesis of hypertension 
during pregnancy and the approaches that improve insulin sensitivity 
might have benefit in the prevention or treatment of this syndrome.[21] 

Women who subsequently developed hypertension during pregnancy 
had a higher degree of insulin resistance as determined by log-HOMA 
early in pregnancy, before the onset of clinical manifestations of the  
disease.[22] Development of pre-eclampsia as well as GDM is associated 
with age of the patient, pre-pregnancy BMI and weight gain in early 
pregnancy.[23] Pre-eclamptic women were found to have increased 
TG and free fatty acid levels and decreased high density lipoprotein-
cholesterol (HDL-c) levels as compared with normotensive patients as 
studied by Seely EW, et al.[24] A systematic review by Carpenter MW 
found that odds ratio for development of GDM was elevated in pregnant 
women with gestational hypertension and pre-eclampsia and vice versa. 
He reported that both gestational hypertension and preeclampsia may be 
more prevalent in gravidas with greater insulin resistance.[25]

Pregnant women with SCH and hypothyroidism had increased risks of 
abortions, anemia, preeclampsia, GDM and prematurity, higher caesarean 
section rate. Neonates of women with SCH had higher incidence poor 
APGAR score, low birth weight, neonatal ICU admission, intra uterine 
growth restriction. Increased maternal age and high BMI were associated 
with higher incidence of subclinical hypothyroidism.[15,26,27] A systematic 
review by Nazapour, et al. to assess the pregnancy outcomes in thyroid 
dysfunction reported that subclinical hypothyroidism was associated 
with adverse pregnancy outcomes such as placental abruption, preterm 
birth, miscarriage, gestational hypertension, fetal distress, severe 
preeclampsia and neonatal distress and diabetes.[28] The manifestations 
of insulin resistance is summarised in Table 1.

CONCLUSION
The literature published regarding gestational diabetes, gestational 
hypertension, pre-eclampsia and hypothyroidism shows that there is 
adequate evidence that insulin resistance is the central mechanism at 
the molecular level though different pathways are involved and they are 
interlinked. Normal pregnancy itself exhibits insulin resistance and this 
may be exaggerated in genetically predisposed women leading to the 
development of these metabolic and endocrine disorders. There are no 
studies that quantified the level of insulin resistance in order to predict 
development of these disorders at various cut-off values. Further research 
is needed to adopt interventions to reduce and optimize the insulin 
resistance during pregnancy thus preventing the development of these 
disorders so as to prevent maternal and fetal morbidity and mortality.

ABBREVIATIONS
IRS-1: Insulin Receptor Substrate-1; IR: Insulin Resistance; hPGH: 
Human Placenta Growth Hormone; GDM: Gestational Diabetes 
Mellitus; PI3K: Phosphatidylinositol 3-Kinase; GLUT-4: Glucose 
Transporter-4; AgRP: Agouti-Related Peptide; PKC: Protein Kinase 
C; SCH: Subclinical Hypothyroidism; TPO: Thyroperoxidase; Tg: 
Thyroglobulin; TNF: Tumour Necrosis Factor; HOMA-IR: Homeostasis 
Model Assessment-Insulin Resistance; HDL: High Density Lipoprotein.
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