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Abstract: Obesity has become a major global public health challenge, with a rapidly increasing incidence among women
of reproductive age. Growing evidence indicates that maternal obesity not only impairs maternal metabolic health but also
predisposes offspring to long-term cardiovascular diseases through developmental programming mechanisms. According
to the developmental origins of health and disease (DOHaD) hypothesis, exposure to an obesogenic intrauterine
environment confers persistent cardiovascular vulnerability across the lifespan. Vascular dysfunction is a key early
manifestation linking maternal obesity to offspring cardiovascular risk. Offspring exposed to maternal obesity commonly
exhibit vascular structural remodeling, including increased arterial stiffness and altered vascular wall composition,
together with abnormal vascular reactivity and blood pressure regulation. Endothelial dysfunction is also frequently
observed, characterized by impaired endothelium-dependent vasodilation, reduced nitric oxide bioavailability, and
increased oxidative stress. These vascular abnormalities may arise early in life and persist into adulthood, contributing to
the development of hypertension and cardiometabolic disorders. Exercise has emerged as a safe and effective non-
pharmacological strategy to counteract obesity-induced adverse vascular programming. Evidence from both human and
animal studies suggests that maternal exercise before and during pregnancy improves offspring vascular structure and
function, while postnatal exercise may further ameliorate vascular dysfunction during childhood and adolescence. The
magnitude of these benefits appears to depend on the timing and characteristics of the exercise intervention, with the
prenatal period representing a particularly sensitive window. Mechanistically, exercise-induced vascular reprogramming
involves multiple interrelated pathways. Maternal exercise improves the intrauterine environment by attenuating
inflammation and oxidative stress, thereby preserving endothelial nitric oxide signaling and redox balance in offspring. In
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parallel, exercise promotes beneficial placental adaptations, including enhanced placental vascularization, improved

mitochondrial function, and optimized nutrient and oxygen transport, supporting normal fetal vascular development. In

addition, accumulating evidence highlights epigenetic regulation as a central mechanism underlying long-term vascular

reprogramming. Exercise modulates DNA methylation, histone modifications, and non-coding RNA expression in

offspring vascular tissues, leading to persistent alterations in genes involved in vascular tone regulation, oxidative stress

responses, and endothelial function. Further studies are needed to elucidate the optimal exercise strategies and the

mechanisms underlying long-term vascular reprogramming, thereby facilitating the prevention of cardiovascular disease

across generations.
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Figure 1 Developmental programming effects of maternal obesity on offspring vascular function
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Table 1 Reprogramming effects of exercise on vascular function
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acetylcholine; NO, nitric oxide; PWV, pulse wave velocity; FMD, flow-mediated dilation.
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