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Introduction
Mitochondria, often referred to as the powerhouses of the cell, are 

essential organelles that produce ATP, regulate cellular metabolism, and 
maintain cellular homeostasis. In recent years, increasing evidence has 
highlighted the critical role of mitochondrial function in pregnancy. 
Mitochondrial dysfunction, which refers to impaired mitochondrial 
activity, can disrupt cellular energy production and contribute to the 
pathophysiology of various pregnancy complications. These include 
preeclampsia, gestational diabetes, intrauterine growth restriction 
(IUGR), and spontaneous preterm birth. Beyond its immediate impact 
on maternal health, mitochondrial dysfunction during pregnancy may 
also have significant long-term consequences for offspring health. 
Mitochondrial dysfunction has been linked to various metabolic 
and cardiovascular diseases in later life, raising concerns about its 
potential role in fetal programming. This review explores the role of 
mitochondrial dysfunction in pregnancy complications and examines 
how early mitochondrial alterations may influence long-term health 
outcomes for the child [1].

Mitochondrial Function and Pregnancy Health
Mitochondria play a critical role in maintaining cellular energy 

balance, which is crucial during pregnancy when the metabolic 
demands of the body undergo significant changes. As pregnancy 
progresses, the placenta, which supports fetal growth, undergoes 
substantial metabolic and functional changes. Mitochondria in 
placental cells are involved in energy production, nutrient transport, 
and the regulation of oxidative stress. Proper mitochondrial function is 
therefore vital to ensure normal placental development and function, as 
well as the health of both the mother and the developing fetus. In normal 
pregnancy, mitochondrial dynamics, including biogenesis, fusion, and 
fission, are tightly regulated to meet the increased energy demands. 
However, in pathological conditions, mitochondrial dysfunction can 
manifest through decreased ATP production, increased production of 
reactive oxygen species (ROS), and impaired cellular metabolism. This 
dysfunction has been implicated in several pregnancy complications, 
particularly those that involve placental insufficiency or vascular 
dysfunction. For example, in preeclampsia, an important pregnancy 
disorder characterized by high blood pressure and organ damage, 
mitochondrial dysfunction in the placenta has been observed. These 
mitochondrial abnormalities are thought to contribute to the placental 
oxidative stress and inflammatory responses that play a central role in 
the development of the condition [2]. Mitochondrial dysfunction is 
also associated with metabolic disorders such as gestational diabetes 
mellitus (GDM). In GDM, maternal insulin resistance is thought to 
be partly driven by mitochondrial dysfunction, particularly in muscle 
and adipose tissues, where energy production and fat metabolism 
are key processes. Similarly, mitochondrial abnormalities in the 
placenta have been linked to intrauterine growth restriction (IUGR), 
a condition in which the fetus fails to grow adequately in utero. In this 
context, mitochondrial dysfunction may impair placental nutrient 
transport, leading to inadequate fetal growth. The relationship between 
mitochondrial dysfunction and preterm birth is also emerging, as 

mitochondrial stress can compromise the development and function of 
the fetal membranes, increasing the likelihood of preterm labor.

Mitochondrial Dysfunction in Pregnancy Complications
Mitochondrial dysfunction has been implicated in several pregnancy-

related disorders, including preeclampsia, gestational diabetes, and 
IUGR. In preeclampsia, mitochondrial abnormalities in the placenta 
have been shown to contribute to impaired placental angiogenesis and 
endothelial dysfunction. The excessive production of ROS resulting 
from mitochondrial dysfunction can trigger inflammatory pathways, 
leading to vascular damage and the characteristic high blood pressure 
of preeclampsia. Moreover, the altered placental function resulting 
from mitochondrial stress may lead to inadequate fetal perfusion, 
further exacerbating the condition. Studies have demonstrated that 
mitochondria in placental cells of women with preeclampsia show 
reduced ATP production, increased oxidative stress, and altered 
mitochondrial dynamics, all of which contribute to impaired placental 
function. Gestational diabetes is another pregnancy complication linked 
to mitochondrial dysfunction. In women with gestational diabetes, 
mitochondrial dysfunction in peripheral tissues, such as muscle 
and adipose tissue, contributes to insulin resistance. The impaired 
mitochondrial oxidative capacity in these tissues results in disrupted 
glucose and lipid metabolism, which can exacerbate insulin resistance 
and lead to elevated blood glucose levels. The placenta in gestational 
diabetes also exhibits signs of mitochondrial dysfunction, which may 
impair nutrient transport and increase the risk of fetal overgrowth 
and other adverse outcomes. Intrauterine growth restriction (IUGR) 
is often associated with mitochondrial dysfunction in the placenta. 
Mitochondria are essential for the regulation of placental nutrient 
transport, and disruptions in mitochondrial function can impair this 
process, resulting in reduced nutrient and oxygen delivery to the fetus. 
This may ultimately lead to fetal growth restriction. Studies have shown 
that placental mitochondria in cases of IUGR exhibit reduced ATP 
production and altered mitochondrial morphology, which can impair 
cellular function and nutrient transport, thus compromising fetal 
growth [3].

Fetal Programming and Long-Term Child Health Outcomes
Mitochondrial dysfunction during pregnancy not only affects 
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such as preeclampsia, IUGR, and preterm birth. Mitochondrial 
dysfunction also affects cellular metabolism by impairing ATP 
production, which can have wide-ranging effects on cellular function. 
In particular, the placenta requires large amounts of ATP to support 
nutrient transport and fetal growth, and mitochondrial dysfunction can 
compromise these processes, leading to suboptimal fetal development. 
The impaired mitochondrial dynamics in both maternal and placental 
cells can disrupt cellular signaling and gene expression, contributing to 
the pathophysiology of pregnancy complications [6].

Conclusion
Mitochondrial dysfunction plays a central role in the pathophysiology 

of pregnancy complications such as preeclampsia, gestational diabetes, 
IUGR, and preterm birth. The impact of mitochondrial dysfunction 
extends beyond pregnancy outcomes, with long-term consequences 
for offspring health. Mitochondrial dysfunction during pregnancy 
may alter fetal development, programming the offspring for metabolic, 
cardiovascular, and immune-related diseases in later life. Understanding 
the mechanisms by which mitochondrial dysfunction influences 
pregnancy and fetal health offers new opportunities for therapeutic 
intervention. Future research should focus on developing strategies 
to improve mitochondrial function during pregnancy, potentially 
reducing the risk of pregnancy complications and promoting long-term 
health for both mothers and their children.
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immediate pregnancy outcomes but may also have lasting effects 
on the health of the offspring. The concept of fetal programming 
suggests that adverse conditions in utero can permanently alter fetal 
development, leading to an increased susceptibility to chronic diseases 
later in life. Mitochondrial dysfunction, particularly when it occurs 
during critical periods of fetal development, may program the fetus for 
metabolic diseases such as obesity, type 2 diabetes, and cardiovascular 
disease. Mitochondria are involved in cellular processes such as energy 
production, apoptosis, and oxidative stress regulation, all of which 
are essential for the normal development of tissues and organs. In the 
context of mitochondrial dysfunction during pregnancy, alterations 
in these processes may influence the programming of the fetal brain, 
heart, and metabolic systems, potentially predisposing the offspring 
to chronic diseases. For example, mitochondrial dysfunction in the 
developing brain may affect neurodevelopment and increase the risk 
of cognitive impairments and neurodegenerative diseases in later 
life [4]. The metabolic consequences of mitochondrial dysfunction 
in pregnancy are particularly concerning, as they can contribute to 
the development of obesity and metabolic syndrome in offspring. 
Mitochondrial dysfunction in fetal adipose tissue and muscle may 
alter energy metabolism and increase the risk of obesity in childhood 
and adulthood. Similarly, the long-term impact of mitochondrial 
dysfunction on the cardiovascular system may increase the risk of 
hypertension, heart disease, and stroke in later life. There is also 
emerging evidence that mitochondrial dysfunction in pregnancy may 
affect the programming of the immune system. Impaired mitochondrial 
function can lead to increased oxidative stress and inflammation, which 
can disrupt the normal development of the fetal immune system. This 
disruption may predispose offspring to autoimmune diseases, allergies, 
and other immune-related conditions in childhood and beyond [5].

Mechanisms of Mitochondrial Dysfunction and Fetal Health
The mechanisms through which mitochondrial dysfunction 

influences fetal health are complex and multifactorial. One of the key 
processes involves oxidative stress, which results from an imbalance 
between the production of ROS and the body’s ability to neutralize them 
with antioxidants. Excessive ROS production due to mitochondrial 
dysfunction can damage cellular structures, including lipids, proteins, 
and DNA, leading to cellular dysfunction and tissue damage. In the 
placenta, this oxidative stress can impair vascular function, nutrient 
transport, and fetal growth, contributing to pregnancy complications 
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