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Associating Geroprotectors: Anti-aging and
Prevention of Aging-associated Diseases
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Abstract: Metformin and acetylsalicylic acid, two drugs that have been used in medicine for many years, are suspected to
be geroprotectors, according to experimental research. Clinical observations of the drugs are compatible with the
extension of geroprotective conditions to humans. In this study, we compared the variation of two parameters in blood
chemistry that have been reported as markers of anti-aging activity, measured in people who had been treated for five
years with one or two of these drugs. Also, we reviewed the metabolic targets of the drugs to support their effectiveness in
anti-aging and the prevention of aging-associated diseases. In conclusion, the groups of forty people who were treated
for five years with low doses of metformin, acetylsalicylic acid, or both, experienced significant decreases in glycosylated
hemoglobin and ferritin, in comparison to a non-treated group. At the end of the five-year period, the number of living
individuals in the non-treated group was minimal, higher in the groups treated with metformin or acetylsalicylic acid,
and highest in the group treated with both drugs together.
Keywords: Survival, Geroprotection, Geroprevention, Aging-associated Diseases, Metformin, Acetylsalicylic Acid

Introduction

I

n recent decades, knowledge about the inducing agents of geroprotection and the biomarkers
for measuring geroprotection has allowed scientists to explore their clinical significance and
to evaluate their comparative activity.

Agents
In animal models, research has shown that certain drugs slow aging and, therefore, increase
survival (Longo et al. 2015). In recent years, in epidemiological studies, observations have
demonstrated that many of these drugs have similar effects in humans (Moskalev et al. 2016). It
is the time of geroprotectors (Moskalev et al. 2017). Today, there are more than 200 drugs
proposed as geroprotectors, an emerging segment of preventive medicine (Moskalev et al. 2015).
The medical importance of such agents is their preventive role for aging-associated diseases,
such as cancer and cardiovascular, neurodegenerative, metabolic, and osteoarticular illnesses
(Kumar and Lombard 2016). Preventing or delaying the onset of these diseases could explain the
increase in survival and substantiate the expectation of better quality of life.
To explore medical interventions in order to prevent aging-associated diseases, we have
highlighted among these drugs metformin and acetylsalicylic acid, because they have the
following characteristics:
1. Reiterative demonstration of experimental geroprotective activity;
2. Observational confirmation of geroprotective activity in humans;
3. Use in medical practice with recognized acceptable safety;
4. Known targets to sustain the rationale of the geroprotective activity;
5. Biomarkers to follow the effectiveness and toxicity in clinical practice.
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Future research to explore the association of other geroprotectors (e.g., lithium, resveratrol,
rapamycin, etc.) and to optimize the chronopharmacology and safety of associated drugs will be
ongoing.

Biomarkers
In addition to identifying geroprotector drugs, mechanisms of action, association protocols, and
chronopharmacology, the practice of preventive medicine requires researchers to define
biomarkers for these types of drugs to follow the effectiveness of the geroprotectors.
In the study of more than 200 drugs proposed as geroprotectors, different biomarkers have
been used. Some of the biomarkers were studies of anatomical structures, functionality,
prevalence of diseases, or molecular components of organs, and in some cases, markers
belonging to the biochemistry of plasma (Moskalev et al. 2015). Obviously, in order to explore
geroprotection during a person’s lifetime and to control the results of interventions with the
drugs, respecting the safety and comfort of the individuals, we prefer to initiate these
developments using plasmatic markers (Moskalev et al. 2016). We have used glycosylated
hemoglobin and ferritin.
Glycosylated hemoglobin is a known marker of long-term glycemic control in diabetic
patients that predicts risks for the development and progression of diabetic complications.
However, after studying the available research, we have determined that the significance of
glycosylated hemoglobin is wider, in that it is also associated with aging (Pani et al. 2008).
Glycosylated hemoglobin increases with advanced age, independent of glycemia. It is also
clearly associated with premature aging and increased mortality and can be used as an anti-aging
evaluation tool (Ahmed Dar et al. 2015).
Ferritin levels decrease with iron deficiency and increase with inflammation as an acutephase reacting protein. In the case of inflammation, ferritin levels may not decrease even if the
patient has an iron deficiency. Inflammation is regarded as one of the mechanisms of aging, and
the subclinical, chronic, asymptomatic, systemic inflammatory state is known as
“inflammaging.” Reported studies in geriatric medicine, excluding clinical conditions that could
alter acute-phase reactants, suggest that ferritin levels increase with aging as part of
inflammaging (Cankurtaran et al. 2012).
In this study, we used the serum ferritin level in older adults—discarding iron deficiency—
as a longitudinal biomarker of aging-associated inflammation. Briefly, the aim of this study was
to show if the association between metformin and acetylsalicylic acid improves the
geroprotective effect of each drug, using the biomarkers reported as useful, to follow their
activity upon their targets: oxidative stress, inflammaging, and regeneration.

Patients and Methods
We evaluated the clinical records of 160 individuals and then selected test subjects to meet the
inclusion/exclusion criteria for four groups.

Inclusion Criteria
We selected records of fifty- to sixty-year-old individuals, available from 2000–2003, that
complied with the following criteria:
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Forty males, treated daily with an oral dose of 850 mg of metformin for at least five
years for type 2 diabetes mellitus and not requiring other pharmacological treatment
during the period in question.
Forty males, treated daily with an oral dose of 100 mg of acetylsalicylic acid for at
least five years as a cardio-protector and not requiring other pharmacological
treatment during the period in question.
Forty males, treated daily with oral doses of 850 mg of metformin and 100 mg of
acetylsalicylic acid for at least five years, for type 2 diabetes mellitus and
cardiovascular protection and not requiring other pharmacological treatment during
the period in question.
Forty males, without treatments during the five years in question.

Exclusion Criteria
We discarded records that featured the following exclusion criteria:




Any discontinuation of the tested treatments for more than one month, or three
discontinuations of any duration.
Unavailability of blood tests for glycosylated hemoglobin and ferritin, at least at the
beginning and end of the five-year period.
We registered only deaths caused by aging-associated diseases.

This study was approved by the appropriate institutional review board.

Assessments







We registered assessments at the beginning and end of the five-year period in
question.
We evaluated survival by the number of living individuals, estimated following the
Kaplan-Meier method, and compared using the log-rank test (Bland et al. 2004).
We measured glycosylated hemoglobin levels using high-performance liquid
chromatography (HPLC), standardized to DCCT values by the National
Glycohemoglobin Standardization, and expressed in absolute values of mg/dL
(Little 2003).
We expressed ferritin levels in ng/ml (Kalantar-Zadeh et al. 2001).
In our statistical analysis we tested the differences between the groups with an
unpaired t-test. Values < 0.05 were statistically significant. For the data analysis we
used Statistical Package for Social Sciences version 17.0 for Windows.

Results
The percentage of surviving patients at the end of a five-year follow-up was significantly higher
in the groups treated with metformin, acetylsalicylic acid, or both drugs than in the non-treated
group. In addition, survival rates after five years were greater for the group treated with both
drugs compared to those treated only with metformin or acetylsalicylic acid.
The results also showed a reduction in the five-year increase of glycosylated hemoglobin and
ferritin in all three treated groups compared with the non-treated group, with higher significance
in the group treated with metformin and acetylsalicylic acid together.
Statistically, the five-year increase of glycosylated hemoglobin in the three treated groups
compared with the non-treated group showed the following characteristics: for the group treated
with metformin p = 0.02; for the group treated with acetylsalicylic acid p = 0.04; and for the
group treated with metformin and acetylsalicylic acid together p = 0.01. The five-year increase of
ferritin in the three treated groups compared with the non-treated group showed the following
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characteristics: for the group treated with metformin p = 0.05; for the group treated with
acetylsalicylic acid p = 0.03; and for the group treated with metformin and acetylsalicylic acid
together p = 0.01.

Figure 1: Five-year variation of parameters involved in geroprotection
Source: Lasalvia-Prisco et al.

Discussion
Three blocks of metabolic events have been identified as generators of aging, and therefore, of
aging-associated diseases. The first block is the hormetic effect of Reactive Oxygen Species
(ROS). The generation of mitochondrial energy is regulated by the relationship AMP/ATP and
creates ROS. The effect of ROS upon the cell follows a biphasic curve (hormesis): a low increase
of ROS induces a mitochondrial adaptive beneficial response, but a high increase of ROS
produces cellular damage (senescence) and aging. This means that high, or accumulative, ROS is
a mechanism of aging and aging-associated diseases, through the damage of functional molecules
and cellular organoids (Ristow and Schmeisser 2014). As previously reported, drugs that have
been described as geroprotectors inhibit ROS production. Metformin impacts this block by
reducing the oxidative damage through AMPK-TOR and also through another mechanism
independent of AMPK (Anisimov 2013). The oxidative damage is also inhibited by
acetylsalicylic acid (Ayyadevara et al. 2013). Our results are compatible with these reports. In
our model, individuals treated with metformin, compared with non-treated individuals and
according to a t-test (significance < 0.05), show a reduction in the five-year increase of
glycosylated hemoglobin (a biomarker of aging) and an increase of survival.
The second block is the modulation of autophagy, whose role is to clean the cell
(housekeeper). Therefore, autophagy retrieves cells from senescence and from the functional
deficit produced by intracellular accumulation of molecular detritus which promote aging and
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aging-associated diseases, mainly through inflammaging (Glick, Barth, and Macleod 2010;
Franceschi and Campisi 2014). Autosomes and lysosomes configure the autophagosome to clean
cells, avoiding cell senescence and inflammaging (Gewirtz 2013). It was previously reported that
metformin improves autophagy and acetylsalicylic acid decreases inflammaging (Vigili de
Kreutzenberg et al. 2015; Din et al. 2012). In other words, they act as geroprotectors. Our results
are compatible with these reports. In our model, compared with non-treated individuals,
individuals treated with metformin or acetylsalicylic acid show a reduction in the five-year
increase in glycosylated hemoglobin (biomarker of aging), a reduction in the five-year increase
in ferritin (biomarker of inflammaging), and an increase in survival, all three differences with
significance in the t-test (< 0.05).
The third block includes phenomena linked to DNA, such as structural modifications
mediated by the translocation of DNA sectors, known as transposons (Lopez-Panades et al. 2015;
Wood et al. 2016), and gene activation through the Wnt/Catenin mechanism (Nusse 2005). Both
phenomena induce differentiation and reproduction in precursor and stem cells, which are basic
for regenerative activity in order to recover functional structures and counteract cell loss that
results from aging (Conboy and Rando 2005). It was previously reported that metformin and
acetylsalicylic acid enhance regenerative function, meaning that they are geroprotectors
(Menendez et al. 2012; Cao et al. 2015). Our results are compatible with these reports. In our
model, compared with non-treated individuals, individuals treated with metformin and/or
acetylsalicylic acid show a reduction in the five-year increase in glycosylated hemoglobin (a
biomarker of aging), a reduction in the five-year increase in ferritin (biomarker of
inflammaging), and an increase in survival (t-test < 0.05).
Figure 2 shows the three blocks mentioned above and the targets of the geroprotective agents
explored in this study: metformin and acetylsalicylic acid.

Metabolic targets of Metformin and Acetylsalicylic acid in Geroprotection

GSK3β

Figure 2: Metabolic targets of metformin and acetylsalicylic acid in geroprotection
Source: Lasalvia-Prisco et al.
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The discussion of the biomarkers glycosylated hemoglobin and ferritin acquires special
validation in the results, since their mechanical interpretation, in the form of the three
biochemical blocks identified above, is compatible with the survival data recorded in the four
groups in the study. The total number of living test subjects at the end of the evaluation period
was the study’s metric for geroprotection. Furthermore, our results suggest that administering
metformin and acetylsalicylic acid together increases their effectiveness, based on the patients’
biomarker levels and survival rates.
The significance of the results is rooted in the fact that aging is a multidimensional process
that represents the accumulation of changes in an individual over time. Aging is among the
largest-known risk factors for most human diseases. Roughly 100,000 individuals worldwide die
every day of age-related causes (de Grey 2007). Therefore, developing geroprotective protocols,
with demonstrated metabolic goals and biomarkers of effectiveness and safety, is a primary duty
of preventive medicine in fighting against common aging-associated diseases. Metformin and
acetylsalicylic acid, in association, fulfill this objective. These results are required for a first stage
in the development of a geroprotective protocol.
Our results show a significant decrease (t-test) in serum levels of glycosylated hemoglobin
and ferritin after five years in the population treated with metformin, acetylsalicylic acid, or both
drugs. Glycosylated hemoglobin and ferritin have been identified as markers of aging by pointing
out the level of glycosylation and inflammation associated with aging, when other causes of their
variations are ruled out as provided in our sample (anemias and chronic systemic inflammatory
conditions discarded). The decrease in these two markers may correspond to a decrease in the
aging gradient in the population treated with metformin (Anisimov 2013) and/or acetylsalicylic
acid (Ayyadevara et al. 2013), which could be compatible with the geroprotective activity
attributed to these two drugs at a pre-clinical and clinical level. Aging-associated diseases
represent the most significant cause of death in the age group represented in our sample;
therefore, the decrease in mortality detected in the group treated with metformin and
acetylsalicylic acid is a sign to be highlighted for the planning of future investigations.

Conclusions
Over the course of five years we compared three groups of forty individuals each, respectively
treated with metformin, acetylsalicylic acid, or both drugs together, with a fourth, non-treated
group. At the end of the five-year period, there were few living individuals in the non-treated
group, more living in the groups treated with metformin or acetylsalicylic acid, and the greatest
number of survivors in the group treated with both drugs. There was an increase in glycosylated
hemoglobin and ferritin in the groups treated with metformin and acetylsalicylic acid, but there
was a more significant increase in the group treated with both drugs together.
Previously, a growing number of drugs had demonstrated geroprotective activity in
experimental models in which they were tested individually. The development of an intervention
protocol in clinical practice for the prevention of aging-associated diseases had its first steps
when geroprotection in humans began to be verified. In an attempt to progress in this
development, the present study explored the possible benefit of associating at least two
geroprotectors. We proposed that researchers explore the usage of these or other biomarkers of
metabolic pathways associated with aging in order to develop geroprotectors within the
framework of preventive medicine.
The results are compatible with this benefit, evaluated through markers of aging and, mainly,
of survival. (Non-survival in this context means death associated with aging.) Thus, it is
necessary to continue the development of geroprevention protocols for clinical practice, trying
new associations and identifying the chronopharmacology of each incorporated drug. If these
developments optimize protocols that delay aging-associated diseases and, consequently, prolong
life expectancy, society must accommodate its aging population for the years that have been
added to their lives, with comfort, participation, companionship, and a good quality of life.
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Briefly, we conclude that the association of both drugs can improve the geroprotective activity of
metformin and acetylsalicylic acid. However, future study is necessary.
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