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Abstract

Varicocele (VC) is one of the most common reversible causes of male infertility. Numerous studies
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have confirmed that patients with VC often exhibit multidimensional sperm damage, including re-
duced sperm concentration, impaired motility, increased abnormal morphology, and elevated DNA
fragmentation rates. In recent years, significant progress has been made in elucidating the mecha-
nisms underlying VC-induced decline in semen quality, mainly involving disruption of the testicular
microenvironment, enhanced oxidative stress, abnormal immune responses, endocrine dysfunc-
tion, and activation of multiple cell death pathways. Despite these advances, there is still no unified
conclusion regarding the precise mechanisms by which VC impairs semen quality. Future research
should leverage emerging technologies such as single-cell sequencing, spatial transcriptomics, and
integrative multi-omics analyses to further clarify the exact mechanisms of VC-induced semen qual-
ity deterioration.
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