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Abstract. Spermidine is a natural polyamine rich in cereals, legumes, soy derivatives
mushrooms, green peppers, and peas. Recent research brings up the concept that spermidine
could induce several health benefits including anti-aging, and lowering risks of cardiovascular,
neurological, and metabolic diseases, the major reason behind the benefits is that spermidine
could promote autophagy that happens in all parts of the body. This systematic review
summarises existing studies, including both animal and human trials on spermidine and its health
benefits induced by autophagy, aims to provide more insights of spermidine and emphasises the
research gap based on the current knowledge.
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1. Background

Spermidine is a natural polyamine with the molecular formula of C7TH19N3 [1]. It can be found in
cereals, legumes, soy derivatives [2], mushrooms, green peppers, and peas [3]. Instead of relying solely
on oral uptake, spermidine can be generated by the human body by cellular pathways such as
biosynthesis, and catabolism and by microorganisms like microbiota, and probiotics in the small
intestine [4]. Studies suggested that the health benefits of spermidine include preserving mitochondrial
function, exhibiting anti-inflammatory properties, and preventing stem cell senescence [5]. Looking
behind the induced health effects, the primary cellular mechanism is the process of autophagy.

Cellular materials need to be recycled in response to conditions of stress, such as nutrient deprivation,
viral infection, and genotoxic stress [6]. Autophagy is a fundamental process where cells eliminate and
recycle the waste products by lysosome-derived degrading actions, and the waste products include
nucleic acids, proteins, lipids, and organelles [7]. Autophagy plays a crucial role since it prevents the
misfolds of proteins and clears the cells with injuries that might cause functional problems in the human
body [8]. The process of autophagy could be induced by several pathways, such as the inhibition of
TORCI1, Ras/cAMP-dependent protein kinase A (PKA), Snfl, and mTOR, as well as the activation of
AMPK [9]. Once spermidine is added, it inhibits the mTOR pathway and activates AMPK and FOXOs,
and therefore, leads to the activation of the autophagy process, just as Figure 1 shows [10].

© 2025 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
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Figure 1. Activation of autophagy by spermidine at the cellular level [10]

While spermidine has been demonstrated to have effects on yeast, insects, and mammals, recent
research aims to provide more insights into the effects of spermidine on the human body [11]. A study
that focuses on the safety and tolerability of spermidine supplementation in mice and humans
demonstrates that spermidine did not result in morbidities or changes in behavior by applying it to both
mice for 28 days and to older adults for 3 months [12]. After the establishment of the safe intake on
humans, more human-based research in combination with animal studies came out to investigate the
health benefits of spermidines induced by autophagy. These benefits include inducing longevity [5],
reducing the incidences of neurological disorders [13], cardiovascular diseases [14], and metabolic
disorders [13]. This review summarises the present evidence (including both human and animal studies)
on how autophagy brings the four listed advantages of autophagy after the ingestion of spermidine.

2. Study selection

2.1. Eligibility criteria

This review focused on studies investigating the effects of spermidine on longevity, neurological
disorders, cardiovascular diseases, and metabolic disorders, specifically through the mechanism of
autophagy. Inclusion criteria were limited to clinical studies, randomized controlled trials (RCTs),
cohort studies, populational-based studies, and observational studies published in English that directly
examined the role of spermidine in promoting longevity, neurological health, cardiovascular health, and
metabolic health. Excluded were review articles, case studies, and research that did not specifically
address the link between spermidine and the targeted health outcomes.

2.2. Information sources

A systematic literature search was conducted using databases such as PubMed, ScienceDirect, Web of
Science, and Google Scholar. Key search terms included "spermidine," "autophagy," "longevity,"
"cardiovascular health," "cardiovascular diseases,” "neuroprotection,” "neurodegenerative diseases,"
"cognitive function," "metabolic disorders," "metabolic syndrome," "obesity," "diabetes."
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2.3. Selection process

The selection of studies involved a two-stage process. Initially, two independent reviewers screened the
titles and abstracts to identify studies that met the inclusion criteria. In the second stage, the full texts of
potentially eligible studies were reviewed to confirm their relevance.

2.4. Data collection process

Data from the included studies were independently extracted by two reviewers using a pre-designed data
extraction form. Information collected included study design, population characteristics, spermidine
dosage, and administration, outcomes related to autophagy, and the health effects on longevity,
neurological disorders, cardiovascular diseases, and metabolic disorders. Any disagreements in data
extraction were resolved through consensus or with the involvement of a third reviewer. The data
collection process was conducted manually without the use of automation tools.

3. Results

53 articles were identified to be relevant when keyed in the key words on searching engines as described
above. 23 articles were removed due to duplication. 16 articles were selected as the other 14 did not
have a clear abstract or data presented or did not fit the inclusion and exclusion criteria.

3.1. Effects of spermidine on aging and longevity

Mentioning the terms "anti-aging" and "longevity", autophagy could be one of the mechanisms behind
them. Wilson et al. in their finding illustrated that the rate of autophagy decreases significantly with age,
which could be suggested as an indicator of aging. Spermidine, which has the significant function of
enhancing autophagy, has been suggested to have possible benefits in reducing cellular aging and
promoting longevity.

A populational-based study by [15] found that spermidine intake is associated with a mortality rate.
This study included 829 participants aged 45—84. The results show that, under all causes of death,
spermidine intake is inversely proportional to the mortality rate in a general community. The author
brought up the concept that nutrition rich in spermidine is linked to increased survival rates in humans.
When discussing the highest possible mechanism regarding the results, the author specified that
spermidine could restore or induce autophagy, which could further help to reduce cellular stress, lower
blood pressure, reduce cancer risk, and assist the progression of lipid metabolism. The reduction of the
main causes of death contributes to the extension of life span. A study published by [16] suggested that,
as the body ages, erythrocyte mean cell volume (MCV) increases, this could be considered an indicator
of aging. Surprisingly, the experiment data shows that MCV is inversely correlated with spermidine,
which leads to the conclusion that spermidine is highly heritable in erythrocytes of people who have
higher life expectancy. This might be due to the increased rate of erythrocyte autophagy promoted by
spermidine. The direct relationship between spermidine concentration and MCV suggests that
spermidine supplementation might have the effect of delaying aging. However, this conclusion requires
more followed-up experimental designs and evidence to support it. Increased stiffness and endothelial
dysfunction are the main signs of arterial aging, which is the main cause of cardiovascular diseases at
later stages of life [17]. In the research [17], the authors used mice models to investigate the relationship
between arterial aging and spermidine intake. The results supported their hypothesis that spermidine
reduced arterial stiffness and improved arterial endothelial function in old mice. The authors suggested
that spermidine has the effect of reversing large elastic artery stiffening by promoting arterial autophagy
by modifying the transcription of autophagy-relevant proteins and de-acetylating histone H3.
Furthermore, spermidine could restore NO-mediated endothelial function and act as an antioxidant to
reduce oxidative stress.

3.2. Effects of spermidine on neurological disorders

When the effects of spermidine were just noticed to have beneficial effects on cognitive functions,
Schroeder et al. have contributed a lot to this aspect. They first gave supplementation to fruit flies [18],
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and then, to mammals like mice and humans [19]. They have not only conducted clinical trials to
investigate the relationship between spermidine intake and cognitive functions cross-species but also
conducted a human epidemiological study to illustrate the effects of spermidine through different
research angles [19]. The authors agreed that the fundamental mechanism behind the beneficial effects
of spermidine on the brain is the ability to induce autophagy as the figure shows. The general process is
that the elevated spermidine intake leads to elF5A hypusination, which activates the autophagy process
to improve mitochondrial function, and finally results in cognitive improvement [19]. Figure 2 also
demonstrates the pathways of how spermidine enhances neurological functions in fruit flies, mice, and
humans according to the existing evidence from the research they have done so far.

Multi-species effects of dietary spermidine (SPD) on cognitive function
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Figure 2. Multi-species effects of dietary spermidine on cognitive function [19]. Left: fruit flies, middle:
mice, right: human. The general mechanism of spermidine to boost cognitive function is autophagy,
which is induced by elF5A hypusination empowered by elevated spermidine intake, which leads to
mitochondrial improvement and thus, cognitive improvement.

Symptoms associated with cognitive decline are shown to be reduced with spermidine

supplementation according to several studies. Dementia is a typical symptom that is usually found in
the elderly with progressive cognitive loss, such as in people with Alzheimer's disease [20]. [21]

312



Proceedings of the 4th International Conference on Biological Engineering and Medical Science
DOI: 10.54254/2753-8818/73/2024.19803

conducted a double-blinded randomised controlled trial to give participants oral spermidine
supplementation and performed a memory test on 85 subjects aged between 60 and 96 years. The results
showed that the group that had a lower spermidine intake showed consistent or declining cognitive
performance. Similarly in another 3-month randomise, placebo-controlled experiment conducted by
(Wirth et al., 2018) [22], the result gave the same conclusion that memory performance was moderately
enhanced in the spermidine group compared with placebo at the end of the intervention. Pekar et al.
explained that the reduction of the symptoms is possibly due to the dissolving of amyloid-beta plaques
by autophagy. However, there is not only just a single cause that results in the progression of Alzheimer's
disease and dementia [20]. The possible mechanisms underlying these diseases are not fully understood.
Therefore, the potential of spermidine in dementia treatment remains to be discussed.

Subsequently, spermidine may also have effects on emotional well-being. Studies by [23] and [24]
showed that spermidine might help to reduce the incidences of cognitive and psychological diseases
such as depression. [23] suggested that activation of the autophagic system can be established by the
transcription factor EB (TFEB), which regulates both autophagosome formation and lysosomal
biogenesis and function could be the main mechanism to improve the number and functionality of the
brain cells. However, the link between the increased brain cells and improvement of cognition and
emotional well-being is barely mentioned throughout the whole article. Qi et al. have found that, Among
the 19,306 participants, people with more dietary spermidine intake have less depression rate. The
prevalences of depression under all sources of spermidine (fruits, vegetables, cereals, nuts, eggs, and
seafood) are all lying between the confidential intervals. Together with the large sample size, further
gave the conclusion that the spermidine intake is significantly relevant to depression incidence.

Although the above evidence all pointed to the same conclusion that spermidine could have the
potential to improve cognitive decline. However, a study done by [12] reported differently. Their study
recruited one hundred participants who were randomly assigned (1:1 ratio) to 12 months of dietary
supplementation with either a spermidine-rich dietary supplement or placebo. Surprisingly, the results
showed that no significant changes were observed between the intervention and placebo group, which
suggests that the effects of spermidine on cognitive decline still need more research to confirm.

3.3. Effects of spermidine on cardiovascular diseases

Starting from a recent search, [25] investigated the causal relationships between spermidine levels and
CVD risk factors such as blood pressure, blood glucose, and lipid profiles using a bi-directional
Mendelian randomisation analysis. The data source came from Genome-Wide Association Studies, the
large sample size provided a strong base for the population study. By analysing the pattern of
cardiovascular diseases and spermidine intake, researchers found that a high spermidine diet could
manage elevated blood glucose levels, lower LDL, control the development of hypertension, and elevate
HDL. Just as the authors stated in the article, spermine boosts autophagy, which eliminates damaged
proteins and organelles within cells, however, although the authors mentioned autophagy is a process
that spermidine could induce, how exactly autophagy-induced processes could act on cardiovascular
sides where not clearly explained. Instead, the authors focused more on other mechanisms like
facilitating RNA transcription and protein synthesis to prevent the formation of glycans and enhance
insulin sensitivity.

According to [26] and [27], spermidine contributes to cardiovascular health mainly by changing the
arterial properties, and hence, reducing hypertension. [27] suggested that the reduction of hypertension
is by reducing arterial stiffness. This could be achieved through spermidine-induced mechanisms likely
dependent on the downregulation of oxidative stress and stimulation of autophagy. The experimental
results showed that there was a significant increase in autophagy, which brought benefit to arterial
endothelial function, however, this evidence seemed not strong enough to bring a change in blood
pressure that was statistically significant. [26] experiment gave the results that the spermidine intake
significantly improved right ventricular function and pulmonary tissue morphology. The authors
addressed that by inhibiting purine metabolism and polyamine synthesis-associated vascular
remodelling. However, throughout the whole experiment which was on investigation of spermidine on
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reduction of hypertension, the outcome did not include the comparison of blood pressure before and
after spermidine intake although all other outcomes and results indirectly pointed to the conclusion that
spermidine could recuse pulmonary hypertension. Moreover, the authors did not consider or specify
how autophagy was induced by spermidine in this case.

3.4. Effects of spermidine on metabolic disorders

Metabolic syndrome appears when the body has reduced ability to have normal metabolic functions, the
symptoms include central obesity, insulin resistance, hypertension, and dyslipidemia, leading to an
increased risk of atherosclerotic cardiovascular diseases and type II diabetes mellitus development [28].
From the previous section, research showed that spermidine and its benefits on arteries could induce an
anti-hypertensive effect. According to the study done by [29] with the injection of spermidine
nanoparticles inside mice bodies, there are significant improvements shown in the aspects of
hypoglycaemic efficacy, Long-term glycaemic control and relief of excessive lipid metabolism and
myocardial fibrosis and cardiac function, which could be considered as key factors in reducing metabolic
diseases like hypertension and diabetes. Different from taking spermidine supplementation, this research
brought a new concept by using a more direct method of subcutaneous injection, which was shown to
have no big influence on organ functions of mice and reduced blood sugar in both short and long term
[29]. However, although the authors demonstrated that spermidine is an effective agent contributing to
metabolic health, the reason that led to the change, whether this was influenced by autophagy, was not
clearly stated.

Additionally, more evidence suggests that spermidine also contributes to other sides of metabolism,
especially lipid metabolism-related problems. By comparing the lipid accumulation and formation of
atherosclerosis plaque in over-feeding mice, [30] found that mice with 5 mM spermidine intake per day
for 20 weeks have reduced necrotic core formation (p=0.0008), lipid accumulation inside the plaque (p
=0.017), and cholesterol efflux (p = 0.0118). However, the authors stated that spermidine might not
have the effects in reducing the advanced plaques (Michiels et al., 2016). The results from a study done
by [31] suggested that spermidine administration did not make any difference in lean mice but increased
the activation of adipose tissue thermogenesis through autophagy. All two studies mentioned that the
effects of lipid oxidation were autophagy-driven, mainly by its functions of against oxidative stress,
hypoxia, and metabolic stress.

4. Discussion

This review aggregates current research articles regarding spermidine and its health benefits. Autophagy
is the main strategy that leads to these changes induced by spermidine administration as discussed above.
However, several aspects remain to be questionable.

Firstly, initial observations indicate that spermidine and its effects on human health constitute a
relatively nascent research area, as a significant portion of the studies examining this relationship have
emerged within the past four years. Therefore, the number of current research is still not enough to
support the hypothesis that spermidine could induce significant health benefits. Moreover, there is a
limited number of randomised controlled trials, and the current evidence is more at the stage of mice
experiments. More research regarding the administration safety and recommended daily intake of
spermidine is the major focus of proceeding to the next stage of human trials.

In terms of the health benefits associated with spermidine, it is important to recognize that the
underlying mechanisms extend beyond autophagy. Recent findings suggest that spermidine plays a
crucial role in maintaining mitochondrial function through the posttranslational modification of
mitochondrial mRNA [5]. Moreover, its anti-inflammatory properties and potential for preventing stem
cell senescence have been identified as additional mechanisms that may contribute to improved health
outcomes [14]. Furthermore, though most studies although they mentioned autophagy as the main
mechanism that led to the changes, the exact pathways of how autophagy could induce the benefits at
the cellular level in each case were not fully explained in detail.
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To conclude, the suture research of spermidine could focus more on human administration and safety.
The mechanisms of autophagy-induced benefit could be investigated and explained at the cellular level,
and more importantly, identifying mechanisms other than autophagy could further help the applications
of spermidine in various cases.

5. Conclusion

Overall, spermidine is demonstrated to have multiple health benefits shown in most of the studies
discussed above, including longevity, cardiovascular, neurological, and metabolic health. Among these
studies, spermidine was not only applied to animal models but also to humans. The main mechanism
that leads to the beneficial effects is the process of autophagy. Apart from autophagy, spermidine could
also induce various benefits by different pathways, which will be discussed further in the future.
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