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Purpose: The availability of a simple and reliable marker of biological age might allow an acceleration of the research in the field of 
longevity extension. Previous studies suggest that this marker might be the N-terminal of B-type natriuretic peptide precursor (NT- 
proBNP), from which proBNPage, a biological age surrogate, can be calculated. Objectives of the study: 1) To fine-tune the method of 
proBNPage progression assessment and 2) To establish whether 4 “anti-aging” treatments, which provided promising results in 
previous studies, can modify proBNPage progression.
Patients and Methods: This is a double-blind randomized placebo-controlled clinical trial on 120 adults aged 65–80 years, free of 
cardiovascular diseases. Participants will be randomized into 3 groups: A) Coenzyme Q10 100 mg bid + Selenium 100 mcg; B) 
Resveratrol 350 mg bid + TA-65 (Astragalus Membranaceus extract) 100U; C) Placebo-1 bid + Placebo-2. They will be followed for 2 
years and checked 8 times, to assess both proBNPage progression and treatment safety. Secondary variables (handgrip strength, 
aerobic capacity at the step test and quality of life) will also be assessed. Primary outcome will be the demonstration of significant 
changes of proBNPage, compared to baseline, in the 3 groups at 6, 12, 18 and 24 months. Secondary outcome will be the 
demonstration of similar changes of secondary variables. Statistical analyses will be mainly performed by repeated measures 
ANOVA (both according to intention to treat and per protocol) and paired t tests. The study was approved by the Ethics Committee 
Area Vasta Emilia Centro, Emilia-Romagna Region, ID: 64/2022/Sper/AOUBo. Trial registration: ClinicalTrials.gov, NCT05500742.
Conclusion: The use of proBNPage as a surrogate of biological age may prove an easy method to select anti-aging treatments worthy 
of further, more complex assessments.
Keywords: anti-aging treatments, biological age, food supplements, longevity, NT-proBNP, study protocol, randomized clinical trial

Introduction
Despite the wide literature concerning anti-aging treatments, so far, no definite evidence of efficacy has been obtained in 
humans. The main problem is that human life is relatively long so that, to assess the effect of any treatment on longevity, 
similarly long studies are needed. In addition, to demonstrate significant reductions in mortality, large samples are needed 
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too. Thus, even though several promising treatments have been found in animal models, convincing evidence of efficacy 
in humans has not come yet.

In an attempt to overcome these difficulties, in recent years several indicators of biological age have been proposed.1 

Biological age may be defined as a measure, more reliable than chronological age, of how close to death an individual is. 
If such an indicator were available, assessing the efficacy of possible treatments would be relatively easy: few years of 
follow-up in relatively small groups might be sufficient to ascertain the arrest or even the inversion of the rise of the 
indicator, rather than many years on large samples to demonstrate a lower mortality in the treated group than in the 
placebo group.

The main indicators of biological age so far proposed are as follows: telomere length in leukocytes,2 DNA 
methylation (or “epigenetic clock”),3–5 several interpretations of metabolome6 and proteome7 in serum, clinical- 
anamnestic composite indices of frailty8,9 and composite indices of laboratory variables.10,11 However, despite this 
plenty of potential indicators, none of them is routinely used in laboratories, either because of the difficulty of affecting 
their values or due to the complexity of measurements, or because of a non-demonstrated superiority compared to 
chronological age, or for all these causes together.

In 2021, we proposed a new simple method to obtain a surrogate of biological age (“proBNPage”), starting from the 
single laboratory variable NT-proBNP (the N-terminal fragment of B-type natriuretic peptide precursor).12,13 NT-proBNP 
is easily measurable in most laboratories. It is commonly used as a marker of heart failure, as it is released from the 
ventricular and atrial myocardium undergoing mechanical or ischemic stress. In addition, it is a good indicator of the risk 
of death even in subjects without cardiovascular diseases14,15 and, in particular, we have shown that NT-proBNP is 
associated with cardiovascular16 and all-cause12 mortality more strongly than chronological age in older adults. Several 
studies (both cross-sectional and longitudinal) have shown that this marker progressively increases with age12,17–19 and 
that its values are higher in women.12,17,20 In addition, NT-proBNP is correlated with chronological age more strongly 
than all the main laboratory variables that had previously been proposed as biomarkers of biological age (as shown by 
us12 and also by others21). Thus, starting from the equations of the regression lines of chronological age with the natural 
logarithm of NT-proBNP in a large sample of older adults (with the only exclusions of subjects with atrial fibrillation and 
heart failure) we obtained two simple formulas, one for each sex, which allow the calculation of a “proBNPage”, in 
years, from the serum concentration of NT-proBNP.12

Among the main categories of possible anti-aging treatments, three have provided promising results in experi-
mental studies and, for some aspects, even in humans: antioxidants,22–24 telomerase activators25,26 and inhibitors of the 
Target of Rapamycin (TOR) enzyme system.27–30 To test, for the first time, the possible practical use of proBNPage, 
we have designed a longitudinal study aimed at assessing the progression of proBNPage in small groups of older 
adults, together with the effects induced on it by 4 food supplements, which are representative of the three above 
categories.

Methods
Study Objectives

● Primary objective: To describe the spontaneous longitudinal course of proBNPage in the placebo group, in order to 
find the parameters (minimum time to obtain a significant increment, increment size and variability) useful to design 
future studies on anti-aging treatments.

● Secondary objective: To ascertain whether any of the food supplements proposed can favor a non-significant 
increase (or even a reduction) of proBNPage, compared to the placebo group, over the period of study.

Study Design and Main Reference Data
This is a double-blind clinical trial with stratified randomization into 3 parallel groups (one placebo group and two food 
supplement-treated groups) (Figure 1).

Protocol version: Version 2 – February 4, 2022.
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Ethics Committee Approval
Comitato Etico di Area Vasta Emilia Centro della Regione Emilia-Romagna (CE-AVEC), ID: 64/2022/Sper/AOUBo, 
March 16, 2022 (see Supplement for the List of Documents Submitted to the Ethics Committee). The study will be 
conducted in accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki and its later 
amendments.

Trial registration: ClinicaTrials.gov (US NIH), ID: NCT05500742, August 19, 2022.
Recruitment: Start November 2, 2022–End November 15, 2022.
End of study (expected last visit): November 30, 2024.
The SPIRIT (Standard Protocol Items: Recommendations for Interventional Trials)31 checklist was followed in the 

preparation of this paper.

Sample Size and Study Duration Determination
To establish the minimum sample size, so that results may be obtained with a probability of first type error <0.05 and 
a power of 0.80, a few preliminary parameters are needed: standard deviation of the studied variable (proBNPage) in the 
population, standard deviation of the predicted effect in a longitudinal study, and correlation coefficient “r” between 
baseline values and post-treatment values. So far, no longitudinal study on proBNPage has been performed. Thus, this 
information is not available, and has been approximated using the data collected by us in a previous cross-sectional 
study12 (Table 1).

Considering the variations of proBNPage between a group of subjects with the same age and a group of subjects 
1 year older, in some cases, reductions were obtained (instead of the expected increases). Thus, if treatments were 
administered for 1 year only, casual reductions of proBNPage might occur, leading to erroneous conclusions of favorable 
effects of the treatments. Considering instead the variations of proBNPage between each age group and the group 2 years 
older, only in 1 case over 14 a decrease in proBNPage occurred. From this observation, we decided to prolong the study 
for 2 years. However, it is possible that during the proposed longitudinal study we could even conclude that shorter 
intervals are sufficient.

The mean effect, ie the mean increase in proBNPage every two years of chronological age, was 2.4 ± 2.8 years. In 
addition, the 14 proBNPage mean values were related to the 14 proBNPage mean values obtained after 2 years of age, 
and the correlation coefficient of these two series was 0.791. In this way, the starting parameters necessary for sample 
size calculation were obtained.

Figure 1 Schematic representation of study design.
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Sample size calculation was set on the basis of analysis of variance for repeated measures, using WebPower 
software.32 For 3 study groups (1 placebo + 2 groups with food supplements) and 2 time assessments (each time vs 
baseline), the sample size of each group depends on the main interest of the study: changes due to time (“within” groups), 
differences between treatments and placebo (“between” groups), or both assessments together (“between-within 
interaction”).

Within: N = 8; Between: N = 50; Between-Within interaction: N = 9.
The main interests of our study concern the “within” and “between-within” assessments, which would allow 

a minimum sample of 9 × 3 = 27 subjects. To account for probable dropouts and possible greater variability than 
expected and to allow possible subgroup analysis, we decided to multiply this estimate by 4, thus reaching a sample size 
of 40 × 3 = 120 subjects.

Sample Selection
One hundred and twenty older subjects of both sexes will be selected. They should be substantially healthy people, 
because the study is aimed at ascertaining the possibility to use proBNPage to monitor aging progression independently 
of the presence of pathologies, especially cardiovascular diseases, which might alter the rate of NT-proBNP release. The 
sample will be the result of 3 consecutive selection procedures.

Table 1 Mean Course of proBNPage in Relation to Chronological Age

Age (Years) N proBNPage (Years) ∆ 1 Year ∆ 2 Years

Mean ± SD

≥65 <66 35 65.6 ± 12.9 – –

≥66 <67 88 64.8 ± 13.8 −0.8 –

≥67 <68 103 68.0 ± 13.4 +3.2 +2.4

≥68 <69 90 69.0 ± 15.9 +1.0 +4.2

≥69 <70 95 68.4 ± 14.8 −0.6 +0.4

≥70 <71 77 70.6 ± 12.4 +2.2 +1.6

≥71 <72 85 74.6 ± 12.7 +4.0 +6.2

≥72 <73 64 71.6 ± 15.0 −3.0 +1.0

≥73 <74 67 75.3 ± 16.2 +3.7 +0.7

≥74 <75 58 74.9 ± 13.9 −0.4 +3.3

≥75 <76 43 74.4 ± 14.4 −0.5 −0.9

≥76 <77 44 74.9 ± 19.1 +0.5 0

≥77 <78 45 76.5 ± 15.7 +1.6 +2.1

≥78 <79 28 75.5 ± 13.6 −1.0 +0.6

≥79 <80 32 78.8 ± 18.3 +3.3 +2.3

≥80 <81 19 85.4 ± 22.0 +6.6 +9.9

≥65 <81 973 71.6 ± 15.3 1.3 ± 2.5 2.4 ± 2.8

Notes: Values obtained from the database of our previous cross-sectional study.12 ∆1 year = 
Variations of proBNPage between a group of subjects with the same age compared to a group of 
subjects 1 year younger. ∆ 2 years = Variations of proBNPage between a group of subjects with 
the same age compared to a group of subjects 2 years younger.
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First Selection
Names and addresses of potential participants will be obtained from lists provided by the local Department of Public 
Health, including subjects aged 65–80 years, living in Bologna near the S. Orsola-Malpighi University Hospital, taking 
no more than 4 drugs a day and without recent (<3 years) hospital admissions. By random choice, 2000 subjects (1000 
men and 1000 women, 62/63 for each of the 16 age classes for each sex) with the above characteristics will receive 
a letter with the invitation to participate, including a synthetic description of trial design, together with a 6-page 
questionnaire for preliminary health status assessment. The questionnaire will contain questions concerning demographic 
information, risk factors, previous and present cardiovascular and non-cardiovascular diseases, muscle/joint pain, falls 
and medications taken. The Physical Activity Scale for the Elderly (PASE)33 and the Euro QoL 5-Dimension quality of 
life assessment34 will also be included in the questionnaire. For acceptation, the volunteers will return the compiled 
questionnaire by mail in a pre-stamped envelope or by e-mail.

Second Selection
Five hundred people (25%) are expected to respond and, according to the information provided with the questionnaires, 
200 of them will be selected by the steering committee (see inclusion and exclusion criteria, Table 2) and summoned by 
phone for the first visit. Before the visit, they will also receive a copy of the informative documentation to be 
subsequently signed.

Third Selection
During Visit 1 (Screening assessment), after further explanation of the study by the investigators and after signing the 
informed consent (an additional signature will also be requested for withdrawal and storage of serum samples for 
possible future determinations), the subjects willing to participate will undergo fasting venous blood sampling for routine 
laboratory determinations, anamnestic investigation (basal activities of daily living (ADL),35 instrumental activities of 

Table 2 Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

1. Age ranging between 65 and 80 years 1. History of heart failure

2. Signed informed consent 2. Previous or current atrial fibrillation

3. History of coronary artery disease (myocardial infarction or angina pectoris)

4. Taking any of the dietary supplements of the present study during the 2 previous months

5. Taking a statin or monacolin K or dietary supplements with red yeast rice

6. Taking anticoagulant drugs

7. Taking more than 4 drugs a day

8. Hospital admission during the last 3 years

9. Known allergy to any food supplement of the present study

10. Malignant neoplasm in progress

11. Any other severe disease which, in the opinion of the investigator, contraindicates the participation in the study

12. Alcohol or drug abuse

13. Participation in other trial

14. Uncertainty of the subject about his/her willingness to follow the study for 2 years

15. Deficit of one or more ADLs

16. Relevant alterations in the ECG or in laboratory results which, in the opinion of the investigator, contraindicate the 

participation in the study
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daily living (IADL)36 and comparison of the information provided with the questionnaire with all available documenta-
tion), medical examination (with weight, height, 2 measurements of blood pressure by automatic sphygmomanometer 
and finger oxygen saturation), and ECG. Taking into account all these items of information, according to the inclusion 
and exclusion criteria (Table 2), 60 men and 60 women will be selected by the steering committee to be randomized. 
Taking a statin is an exclusion criterion because statins could lower coenzyme Q10 levels37 and mildly activate 
telomerase.38 The 120 selected patients will be summoned by phone for the second visit.

Study Procedures
During Visit 2 (Baseline assessment) the selected subjects will undergo venous blood sampling for NT-proBNP 
measurement. This will be performed on whole blood by fluorescence immune assay (Quidel Cardiovascular Inc., San 
Diego, USA). The following functional tests will also be performed: 1) Step test (time in seconds needed to ascend and 
descend 2 steps 20 times),39 2) Handgrip strength (strength measured in Kg, the highest of 2 measurements), 3) Euro 
QoL-5D questionnaire (quality of life).34

For stratified randomization, participants will be subdivided into 4 strata according to the following characteristics:

1. 30 women with age < the median age of women (“young” women)
2. 30 women with age ≥ the median age of women (“old” women)
3. 30 men with age < the median age of men (“young” men)
4. 30 men with age ≥ the median age of men (“old” men)

Using randomization lists, computer-generated by our hospital Research and Innovation Unit and kept concealed for the 
investigators, the subjects belonging to each stratum will be equally distributed among the 3 treatment groups (10 
subjects of each stratum in each group), so that relevant random imbalances of age and sex among groups should be 
avoided. In particular, bags progressively numbered from 001 to 120 (001–030 “young” women stratum, 031–060 “old” 
women stratum, 061–090 “young” men stratum, 091–120 “old” men stratum), prepared by our hospital pharmacy 
according to the above randomization lists and containing boxes of treatment for 6 months, will be sequentially handed 
by the investigator (A.M.) to participants according to the stratum they belong to. Besides investigators, also trial 

Figure 2 Schedule of study activities.
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participants will be blinded about treatment allocation. Unblinding will occur at the end of the study, after closure of the 
database. Emergency unblinding by the pharmacy is also admitted for single participants who will interrupt the trial 
because of serious adverse events.

The subsequent assessments will be Visit 3: 14 days, Visit 4: 3 months, Visit 5: 6 months, Visit 6: 12 months, Visit 7: 
18 months, Visit 8: 24 months, with the following scheduled activities (Figure 2):

1) Safety checks: a) verification of possible adverse reactions or intervened exclusion criteria, diseases or variations of 
therapy (all visits); b) routine blood tests, ECG, body weight, blood pressure and oxygen saturation (visits 
1,3,4,6,8).

2) Longitudinal changes of proBNPage, with measurement of NT-proBNP (Visits 2,5,6,7,8).
3) Assessment of possible effects on functional indicators: a) Step test; b) Handgrip; c) Euro QoL-5D questionnaire 

(Visits 2,5,6,7,8).
4) Every 6 months, handing of treatment boxes and collection of previous packages (Visits 2,5,6,7,8). Previous 

packages will be delivered to the pharmacy, where the residual capsules will be counted. Participants will be 
excluded from the per-protocol analysis if the residual capsules will be ≥60 for Treatment 1 or ≥30 for Treatment 2 
(see “Interventions” section) during the 6-month period.

Possible protocol amendments will be submitted to the Ethics Committee, reported in the ClinicalTrials.gov registry and 
possibly communicated to participants.

Interventions
● Group A: Coenzyme Q10 (CoQ10) 100 mg (Q10 Gold, Pharma Nord ApS, Vejle, Denmark), 1 capsule bid + 

Selenium 100 mcg (SelenoPrecise, Pharma Nord) 1 tablet in the evening. This combination was chosen because it 
was previously found to reduce cardiovascular mortality in older adults.40

● Group B: Resveratrol 350 mg (NOW Foods, Bloomingdale, IL, USA) 1 capsule bid + TA-65,100 U (T.A. Sciences, 
New York, NY, USA) 1 capsule in the evening. This combination was chosen because resveratrol, a powerful 
antioxidant, also seems to be able to activate telomerase,41,42 thus enhancing the action of TA-65.43

● Group C: Placebo-1 (externally identical to the coenzyme Q10 capsule) 1 capsule bid + Placebo-2 (externally 
identical to Selenium tablet) 1 tablet in the evening, both provided by Pharma Nord.

To ensure blindness, capsules and tablets will be inserted by our pharmacy into boxes that are indistinguishable from the 
outside. In particular, every 6 months each participant will receive a bag containing one box with “Treatment 1” (to be 
taken twice a day) and one box with “Treatment 2” (to be taken once a day).

Primary Variable to Assess Treatment Effect
The primary variable to assess the effect of treatments is proBNPage. According to our previous study,12 proBNPage will 
be calculated separately for the 2 sexes, starting from NT-proBNP, with the following formulas:

- proBNPagemen = [ln(NT-proBNP)+1.2958]/0.0827
- proBNPagewomen = [ln(NT-proBNP)-1.5258]/0.0478
After these calculations, proBNPage will be treated as a single variable, independent of sex.

Secondary Variables to Assess Treatment Effect
To assess the possible effect of treatments on aging progression, the following secondary variables will also be utilized:

1) Step test: time in seconds to ascend and descend 2 steps for 20 times (an indicator of fitness inversely correlated 
with aerobic capacity39);

2) Handgrip strength in Kg, measured by a digital dynamometer (Camry Scale Mod. EH101, South El Monte, CA, 
USA);
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3) Self-assessment of health/wellbeing status by the visual analog scale (VAS) of the EuroQoL 5D questionnaire,34 

with possible values ranging from 0 to 100 (= best possible health status). The Italian version of the questionnaire 
was validated in 2006 by one of the authors (P.P.) on 1622 residents of the Bologna municipality.44

Primary and Secondary Outcomes
Primary outcome will be the demonstration of significant or non-significant changes of proBNPage, compared to 
baseline, in the 3 treatment groups at 6, 12, 18 and 24 months.

Secondary outcome will be the demonstration of significant or non-significant changes of secondary variables, 
compared to baseline, in the 3 treatment groups at 6, 12, 18 and 24 months.

Safety Variables
1) Laboratory determinations on venous blood: complete blood count, total cholesterol, HDL cholesterol, triglycer-

ides, creatinine, Na+, K+, Ca++, AST, ALT, gammaGT, creatine kinase, erythrocyte sedimentation rate, C-reactive 
protein, blood glucose, glycated hemoglobin (HbA1c), INR, aPTT, and (in men) total PSA.

2) Body weight, blood pressure, oxygen saturation.
3) ECG.

Management of Adverse Events
The possible appearance of suspected adverse events will be actively investigated during all visits, and participants will 
be allowed to report them at any time by phone or email. Suspected adverse events will be assessed, managed and 
reported in the database by the steering committee, and their frequency will be documented at the end of the study. 
Serious adverse events will be a cause of participant exclusion and will be promptly reported to the sponsor.

Statistical Analysis
ProBNPage is normally distributed,12 and its statistical assessment can be performed with parametric tests. The minimum 
time needed to obtain a significant increment of proBNPage from baseline will be established in the subjects of the 
placebo group whose proBNPage value at each tested time will be available. For this purpose, Student’s t test for paired 
data will be used.

The assessment of the possible effects of the treatments on the progression of proBNPage will be performed both 
according to intention to treat (in all randomized patients) and per protocol (only in the patients with proBNPage 
available at the tested time). In the intention-to-treat analysis, missing values will be imputed with the multiple 
imputation method. The possible presence of proBNPage changes within and between groups will be initially tested 
by repeated measures analysis of variance, with reference to the “between-within” interaction. Then, the assessments on 
“within” time changes will be performed, in each group, by t-tests for paired data. The differences among baseline values 
will be tested by analysis of variance (ANOVA). Finally, if the number of participants in subgroups will be ≥ the 
minimum expected (see Sample size determination), the assessments will be repeated separately in subgroups with the 
following characteristics: 1) Men/Women; 2) Younger/Older (with respect to the median ages in the 2 sexes); 3) 
Difference between baseline proBNPage and chronological age over/under the median difference.

Possible changes and differences for secondary variables (step test, handgrip strength and Euro QoL 5D visual analog 
scale) will be sought in the same way described for proBNPage (after normalization in case of non-gaussian distribution).

Finally, baseline values of safety variables will be compared among groups to detect possible random imbalances. In 
addition, possible important changes of safety variables will be promptly reported to participants.

Two-tailed tests will be performed throughout to demonstrate superiority of food supplement compared to placebo in 
arresting outcome variables’ progression, and P values <0.05 will be considered significant.

Statistical tests will be performed with SPSS software v. 27 (IBM, Armonk, New York) and R-based software 
(StatPlus, AnalystSoft Inc, Walnut, California).
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Data Management
All data will be collected in strictly pseudonym form (each subject will only be identified by a progressive 3-digit code) and 
will be recorded in a Research Electronic Data Capture (REDCap) database,45 under the administration of the Innovation and 
Research Unit of our hospital. In the database, there will be an automatic range check for data input. Personal information about 
participants will be kept strictly confidential by the investigators. Investigators, sponsor and all those authorized by the 
investigators (upon reasonable request) will have access to the final dataset. No data monitoring committee has been created for 
this spontaneous, non-profit, monocentric study. However, auditing procedures to verify the correct application of the protocol 
may be performed by delegates of the Ethics Committee or of Regulatory Authorities. No interim analyses are planned.

Discussion
With this study, we will try to define a method that may allow to select, in the simplest possible way, anti-aging 
treatments deserving to be confirmed by large mortality trials. Our hope is that this preliminary assessment of treatments 
may be based on small samples of subjects, to be followed for relatively short periods of time. At the end of the present 
longitudinal study, we will understand whether the observation period can be contained within 2 years, and we will obtain 
the statistical parameters needed to establish the sample size of future similar evaluations, parameters that will be more 
precise compared to the preliminary estimates obtained by us from a previous cross-sectional study.

For the choice of treatments, in the present study we have sought the best compromise among available scientific 
evidence, safety and ease of obtaining the substances on the market.

● CoQ10 is a powerful antioxidant that exerts fundamental functions for cell respiration and energy production. Aging 
and statins decrease its levels.37,46 Its supplementation reduced cardiovascular and total mortality in heart failure 
patients.47 In addition, at the dose of 100 mg bid, together with selenium 200 mcg, it reduced cardiovascular 
mortality in older adults.40 CoQ10 is practically free of harmful effects.48 Possible interactions with warfarin were 
reported49 but were not confirmed.50

● Selenoproteins contribute to the antioxidant systems of our organism. Selenium blood levels and selenium intake 
with diet are inversely associated with mortality.51,52 As previously highlighted, together with CoQ10 it reduced 
mortality in older adults.40 In subjects less than 65 years old, high doses (300 mcg/day) have been reported to be 
associated with an increase in mortality.53 In Italy, a maximum dose of 100 mcg/day is allowed.

● Resveratrol has powerful antioxidant and anti-inflammatory effects54 and, in addition, it seems to be able to activate 
telomerase41,42 and inhibit the TOR system.55,56 Beneficial effects have been documented on insulin resistance, 
inflammation and blood pressure, as well as a possible anti-cancer action.57,58 Resveratrol prolonged life in 
Drosophila, nematodes, killifish and obese or ill mice,59–61 but it is not known whether it can influence longevity 
in humans. At high doses (≥1000 mg/day) adverse effects (especially gastrointestinal) have been reported.61,62 

However, doses should be high enough, because resveratrol has a low bio-availability.63,64

● TA-65 is a derivative of Astragalus Membranaceus root. In humans, TA-65 has been shown to favor the elongation 
of telomeres in chromosomes,43 which could favor longevity,26 and showed favorable effects on age-related 
macular degeneration65 and on blood parameters in patients with metabolic syndrome.66 In healthy volunteers, 
the 100U dose had better effects than the 500U dose, in reducing the number of senescent T lymphocytes.67 TA-65 
obtained the GRAS certification (Generally Recognized As Safe).

Strengths – If small samples and short observation periods were sufficient to demonstrate significant effects on proBNPage, 
this would be an advantage compared to traditional studies on human longevity. Another advantage would be the use of 
paired tests (to demonstrate significant, or non-significant, proBNPage changes in each treatment group) with respect to 
unpaired tests (to compare mortality between different groups): in fact, paired tests are known to be more sensitive and 
powerful than unpaired tests. Finally, compared to other more complex methods to estimate biological age,2–7 proBNPage is 
based on NT-proBNP measurement, an easily performed method that is already available in most laboratories.
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Limitations – NT-proBNP is released by the heart, so, strictly speaking, proBNPage can be more properly considered an 
estimate of the biological age of the heart. Although the latter is influenced by the general aging of the organism and probably 
can in turn influence it, some organs or body structures can undergo accelerated aging processes, which may interfere with 
longevity independently of the heart. Similarly, the treatments to test might have significant effects on aging, without having 
the ability to modify NT-proBNP release. In addition, in the presence of heart pathologies, NT-proBNP release increases, 
which can lead to excessively pessimistic estimates of the biological age of the whole individual. This suggests performing 
a selection of the subjects to include in the sample, with the intention to follow the progression of biological age in the 
absence of factors that may distort its estimate. However, the utilization of selected samples might limit the generalizability of 
the results to the whole population. Finally, if a treatment has the ability to limit NT-proBNP release from the heart, this does 
not automatically ensure that mortality will be reduced. At the end, this demonstration, as well as the generalization of results, 
will only come from large-dimensional and long-duration studies. However, the relevant time and economic commitment that 
these studies require might be justified by the previous demonstration, in humans, of a favorable effect on proBNPage.

Conclusions
The use of proBNPage as an indicator of biological age may provide several advantages in the selection of anti-aging 
treatments but could also prove ineffective for a series of reasons. With the present study, we will try to clarify some of 
these uncertainties, assessing 4 of the most promising, presently available, anti-aging treatments.
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