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Letter to the Editor

Mitochondrial dysfunction as the missing link between
circadian syndrome and dementia B

Dear editor,

We read with great interest the study by Yu et al. [1] on the inter-
action between circadian syndrome (CircS) and genetic susceptibility
in dementia risk. The authors provided compelling epidemiological ev-
idence supporting the association between CircS severity and increased
dementia risk. However, a crucial mechanistic pathway remains under-
explored—the role of mitochondrial dysfunction as a central mediator
linking CircS and neurodegenerative diseases.

The suprachiasmatic nucleus (SCN), the central pacemaker of cir-
cadian rhythms, modulates multiple endocrine axes, including the
hypothalamic-pituitary-gonadal (HPG), hypothalamic-pituitary-adrenal
(HPA), and hypothalamic-pituitary-thyroid (HPT) axes. Disruptions in
these hormonal pathways—such as imbalances in testosterone, estro-
gen, glucocorticoids, and thyroid hormones—can induce mitochondrial
dysfunction, a well-documented contributor to both metabolic diseases
and neurodegenerative disorders [2—4].

Mitochondria are highly sensitive to hormonal fluctuations. Recent
evidence suggests that testosterone, thyroid hormones, and glucocor-
ticoids directly regulate mitochondrial oxidative phosphorylation (OX-
PHOS) and bioenergetics [5]. Al-Suhaimi et al. [5] highlighted that hor-
monal imbalances lead to mitochondrial stress, triggering metabolic and
neurodegenerative pathways, which may explain the observed correla-
tion between CircS severity and increased dementia risk.
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Furthermore, aged neurons exhibit impaired excitation-transcription
coupling, reducing mitochondrial oxidative phosphorylation efficiency
and ATP production. This failure to register energy demands leads to
increased oxidative stress and accelerates neurodegeneration [2]. Given
that neurons are highly energy-dependent, mitochondrial dysfunction
creates a metabolic bottleneck that facilitates cognitive decline and de-
mentia. This provides a biological basis for the epidemiological associ-
ation between CircS and dementia risk observed in Yu et al. [1].

Emerging evidence suggests that metabolic diseases and neurodegen-
erative disorders share common pathological mechanisms, including mi-
tochondrial dysfunction, chronic inflammation, and oxidative stress. For
instance, insulin resistance and metabolic syndrome have been linked
to an increased risk of cognitive decline, while neurodegeneration can
further disrupt metabolic homeostasis. This bidirectional interaction un-
derscores the need for integrated therapeutic strategies targeting both
conditions.

Given these insights, we propose that mitochondrial dysfunction
should be considered a crucial mechanistic link underlying the asso-
ciation between CircS and dementia. Future research should explore
whether targeting mitochondrial health—through circadian rhythm
modulation, testosterone restoration, or metabolic interventions such
as time-restricted feeding or melatonin supplementation—could miti-
gate the neurodegenerative impact of CircS [3].

Fig. 1 illustrates this proposed mechanistic link, demonstrating how
SCN dysregulation disrupts endocrine axes, contributing to mitochon-
drial dysfunction and subsequently increasing the risk of metabolic and
neurodegenerative diseases.

Fig. 1. Mitochondrial Dysfunction as the
Missing Link between Circadian Syndrome
and Dementia. Proposed mechanistic link
between circadian syndrome (CircS) and
dementia via mitochondrial dysfunction.
Dysregulation of the suprachiasmatic nucleus
(SCN) disrupts endocrine axes, including
the hypothalamic-pituitary-gonadal (HPG),
hypothalamic-pituitary-adrenal (HPA), and
hypothalamic-pituitary-thyroid (HPT) axes,
leading to hormonal imbalances in testos-
terone, estrogen, glucocorticoids, and thyroid
hormones. These endocrine disruptions im-
pair mitochondrial function, contributing to
metabolic diseases and neurodegenerative
disorders. Additionally, a bidirectional rela-
tionship exists between metabolic diseases
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(e.g., Circadian Syndrome) and neurodegen-
erative diseases (e.g., dementia), highlighting
their potential mutual influence.
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