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Abstract NT-proBNP levels increase exponentially
with age and are associated with cardiovascular and
all-cause mortality. From NT-proBNP concentra-
tion a surrogate for biological age (‘“proBNPage”)
can be obtained. The primary objective of this study
was to define a method to design future trials on
anti-aging treatments using proBNPage. The sec-
ondary objective was the tentative evaluation of 4
potential anti-aging dietary supplements. The trial
lasted 2 years and involved 120 healthy subjects aged
71.7+4.6 years divided into 3 groups: A) coenzyme
Q10 100 mg bid + selenium 100 mcg, B) resveratrol
350 mg bid+TA-65 100U, C) placebo. ProBNPage
was the primary outcome variable. Secondary vari-
ables included step test duration, handgrip strength,
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and self-reported health status. In group B, the study
was interrupted at month 5 due to significant LDL-
cholesterol increase, probably caused by the high-
dose resveratrol. Partly because of dropouts and
inadequate treatment intake, groups A and C showed
non-significant differences in the primary and sec-
ondary variables. Therefore, these groups were con-
sidered a single group, in which after 2 years proB-
NPage increased by 2.5 years (P=0.01), particularly
in subjects over 70 (43.0 years, P=0.009). It was
thus calculated that 126 subjects over 70 could allow
the assessment of a 2-year treatment vs. placebo with
a power of 80%. This study has developed an NT-
proBNP-based method to evaluate future interven-
tions on biological age. The treatments did not induce
significant changes in proBNPage. The marked
increase in cholesterol in group B suggests that high-
dose resveratrol should be avoided.
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Introduction

Age is the main risk factor for many diseases but,
unfortunately, it is a non-modifiable risk factor. On the
other hand, the observation that not all people age in
the same way has led to the definition of the concept
of biological age [1] which, unlike chronological age,
could perhaps be modified. In recent years, several
methods have been proposed to quantify biological
age, mainly based on the determination of biological
processes associated with aging (such as DNA meth-
ylation [2] and telomere attrition [3]), or on the evalu-
ation of indices composed of multiple clinical or labo-
ratory biomarkers [4, 5]. The former are very reliable,
but are only within the reach of a few laboratories,
while the latter are more suitable for defining people’s
health status, rather than their biological age. These
drawbacks have so far hindered the research into pos-
sible interventions to slow down the progression of
biological age in humans, when, on the other hand,
at the experimental level numerous substances poten-
tially useful in this sense have been identified [6].

The N-terminal fragment of the B-type natriuretic
peptide precursor (NT-proBNP) can be easily meas-
ured in most laboratories for the diagnosis of heart
failure. It is released by cardiomyocytes subjected
to mechanical or ischemic stress, and its blood con-
centrations increase exponentially with advancing
age, probably because cardiomyocytes are progres-
sively reduced in number and are therefore subject
to increasing tension. Thus, the relationship between
NT-proBNP and age seems to be due to aging-related
processes like sarcopenia, apoptosis, and cellular
senescence. The correlation with age is very strong,
and higher than that of other laboratory variables [7,
8]. In addition, NT-proBNP is associated with cardio-
vascular and all-cause mortality even more strongly
than chronological age [7, 9].

In consideration of these characteristics, we have
proposed NT-proBNP as a possible marker of bio-
logical age [7], also highlighting its relationships
with morbidity and with several cardiovascular,
physical, and psychological aging-related manifesta-
tions [10]. After logarithmic transformation of the
concentrations, the relationship of NT-proBNP with
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age becomes linear. Knowing the parameters of this
linear regression, starting from the concentration of
NT-proBNP, it is possible to calculate the average age
associated with it; the “proBNPage,” which unlike
NT-proBNP, has a Gaussian distribution [7].

Perhaps the most relevant aspect of biological
age determination is its possible use to establish the
effectiveness of potential anti-aging treatments. In
particular, in a longitudinal study, it could be veri-
fied whether the progression of biological age in the
treated group is slowed, stopped, or even reversed
compared to the progression of biological age in
the placebo group. In an attempt to apply this idea
to proBNPage, taking into account the informa-
tion derived from a previous cross-sectional study
[9, 11], we designed a trial (ProBNPage reduc-
tion—-PBAR trial) [12] based on these hypotheses:
(1) that proBNPage may have a progressive increase
as time goes by, up to become statistically signifi-
cant in paired tests compared to baseline; (2) that a
relatively limited observation period (2 years) and
small sample sizes, thanks to the power of paired
tests, may be sufficient to demonstrate differences
in behavior between a treated group and a placebo
group. The primary objective of the PBAR trial was
to describe the spontaneous longitudinal course of
proBNPage, in order to find the parameters needed
to design future studies on anti-aging treatments.
The secondary objective was to ascertain whether
some dietary supplements, which had been shown
to be promising in previous studies, could promote
a non-significant increase, or even a halt in the pro-
gression, of proBNPage.

The trial (randomized, double-blind, and placebo-
controlled) included these three treatment groups: (A)
coenzyme Q10+ selenium; (B) resveratrol + TA-65;
(C) placebo. After selection and randomization, the
treatment intake began. In the safety checks carried
out at the 3rd month, a significant increase in blood
cholesterol was detected in the entire sample. To
establish whether this increase was generalized or
instead concerned only one of the three groups, the
Clinical Trials Center of our hospital commissioned a
statistical expert from outside the group of investiga-
tors to verify the trend of cholesterol within the three
treatment groups. It was thus ascertained that the
increase selectively concerned group B. The Clinical
Trials Center therefore decided to stop the study in
group B at the 5th month and to continue the trial in
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groups A and C, maintaining the double-blind mecha-
nism for the investigators.

This report outlines the main findings of the PBAR
trial and the main conclusions we drew from it.

Methods
Participants

This study was approved by the Ethics Committee of
the Emilia-Romagna Region Area Vasta (CE-AVEC)
on March 16, 2022 (ID: 64/2022/Sper/AOUBOo).
Trial registration: ClinicalTrials.gov (US NIH), ID:
NCT05500742, August 19, 2022.

The PBAR trial protocol has been described in
detail elsewhere [12]. In brief (Fig. 1), the local
Department of Public Health identified the names
and addresses of 2000 subjects, 1000 men and 1000
women, aged between 65 and 80 years, residing near
the S. Orsola-Malpighi Hospital in Bologna, who
were apparently healthy (no hospitalization in the last
3 years and intake of a maximum of four drugs per
day). In July 2022, each of these subjects was sent

a letter of invitation and a questionnaire to be com-
pleted, with a pre-paid return envelope, concerning
demographic data, risk factors, previous diseases,
and current health status. As expected, the acceptance
rate was about 25% and 490 completed questionnaires
were returned. Based on the information obtained
with the questionnaires, 203 subjects were excluded
because of exclusion criteria (the main ones were car-
diovascular diseases, atrial fibrillation, other serious
diseases and taking statins or monacolin K present in
red rice supplements) (see Supplementary Table 1 for
the complete list of inclusion and exclusion crite-
ria). Statin intake was the most frequent exclusion
criterion (156 subjects). In fact, statins can interfere
with Coenzyme Q10 [13] and can activate telomerase
[14] similarly to TA-65. Another 106 subjects were
excluded as they could not be traced by telephone
or withdrew spontaneously or were too numerous in
the same age group. At the end of this selection, 181
subjects remained, who were invited by telephone
to present themselves at the first visit. During visit
1 (screening assessment), after providing written
informed consent, participants underwent various
investigations (medical examination, ECG, routine

| 2000 questionnaires sent by mail |

156 Statin/Monacolin
14 Atrial fibrillation

9 Other cardiovascular criteria

| 490 questionnaires returned |

24 Other exclusion criteria
15 Untraceable

»| 57 Withdrawn
34 Too many of same age

A 4
| 181 summoned by phone, undergoing Visit 1 |

23 Statin/Monacolin
1 Atrial fibrillation

A

y

v

12 Other cardiovascular criteria

| 120 undergoing Visit 2: double-blind randomization |

7 Other exclusion criteria

/J \;‘bo many of same age
y

4 Withdrawn

A) Coenzyme Q10 + Selenium

B) Resveratrol + TA-65

C) Placebo-1 + Placebo 2

(N = 40) (N = 40) (N = 40)
A4 \ 4 A 4
Visits 3-8 Visits 3-5 Visits 3-8
Per-protocol analysis Per-protocol analysis Per-protocol analysis
Month N analyzed Month N analyzed Month N analyzed
0 40 0 40 0 40
6 30 6 34 6 34
12 26 (Treatment interrupted at 5" month) 12 31
18 26 . . 18 31
24 25 Intention-to-treat analysis (N=40) 24 27
Intention-to-treat analysis (N=40) Intention-to-treat analysis (N=40)

Fig. 1 Schematic flow-chart of PBAR trial
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laboratory tests, evaluation of previous documenta-
tion) which led to the exclusion of another 61 sub-
jects. At the end of these selection phases, 120 partic-
ipants, 60 men and 60 women, remained and during
visit 2 (baseline assessment, November 2022) they
were randomized into the three treatment groups (40/
group) with a procedure stratified according to age
and sex. In this way, each of the three groups included
20 men (10 above and 10 below the median age) and
20 women (10 above and 10 below the median age),
thus making it unlikely that random differences in
age and sex could occur among the groups. During
the visits, outcome and safety variables were assessed
as follows: visit 2 (baseline)—outcome + safety;
visit 3 (14 days)—safety; visit 4 (3 months)—safety;
visit 5 (6 months)—outcome + safety (serum lipids
only); visit 6 (12 months)—outcome + safety; visit
7 (18 months)—outcome; visit 8 (24 months)—out-
come + safety. The last patient was seen on November
18, 2024.

Outcome variables
ProBNPage was the primary outcome variable. It was

obtained from the blood concentration of NT-proBNP
through these two formulas (7):

- proBNPage ., = [1n(NT-
proBNP) +1.2958]/0.0827
- proBNPage  , mnen [In(NT-

proBNP) —1.5258]/0.0478

NT-proBNP measurements were performed on the
same day of the visits, in whole blood, by a point-
of-care fluorescence immune assay (Quidel Triage
NT-proBNP, Quidel Cardiovascular Inc., San Diego,
USA). High NT-proBNP values allowed us to iden-
tify new cases of paroxysmal atrial fibrillation, which
were then excluded from the study. For these meas-
urements during the 2 years of study, nine different
batches of reagents were used, with a coefficient of
variation of 16%. In order to reduce as much as pos-
sible the variability due to technical factors, at the
end of the study, all measurements were repeated on
frozen serum aliquots by means of an electrochemi-
luminescence immunoassay (proBNP Elecsys, Roche
Diagnostics, Mannheim, Germany). For these serum
assays, a single batch of reagents with a coefficient of
variation of 5% was used, and the concentrations thus
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determined were included in the formulas for calcu-
lating the proBNPage.

The secondary outcome variables were as follows:
(1) time in seconds to perform the step test, a fitness
indicator associated with aerobic capacity [15], which
consists of going up and down 2 steps 20 times; (2)
handgrip strength in kg, which was determined by a
digital dynamometer; (3) self-assessment of well-
being/health status by a score ranging between 0 and
100, which was carried out using the Visual Analog
Scale (VAS) present in the EuroQoL 5D question-
naire [16].

Safety variables

The safety of the treatments was assessed with the
periodic determination of clinical, instrumental, and
laboratory variables: body weight, blood pressure,
pulse oximetry, ECG, complete blood count, total
cholesterol, HDL cholesterol, LDL cholesterol, tri-
glycerides, creatinine, Na+, K+, Ca+ +, AST, ALT,
gammaGT, creatine kinase, erythrocyte sedimenta-
tion rate (ESR), C-reactive protein (CRP), blood glu-
cose, glycated hemoglobin (HbAlc), INR, aPTT, and
(in men) total PSA.

After each control session, safety variables were
compared with baseline values in the whole sample
by paired tests, to detect possible highly significant
(P<0.001) and clinically relevant differences. This
in fact happened at the 3rd month, when total choles-
terol was found to be increased from 214.8+29.5 to
228.2+35.2 mg/dl (P<0.0001), a 6.2% increase dur-
ing 3 months of treatment. A report was then sent to
both the Clinical Trial Center of our hospital and the
Ethics Committee, which subsequently led to the dis-
continuation of group B.

Treatments

Every 6 months, participants received a sealed bag
containing two boxes (treatment 1 and treatment
2), each containing enough capsules for 6 months.
Patients had to take treatment 1 twice a day (morn-
ing and evening) and treatment 2 once a day (even-
ing). Bags and boxes were prepared and numbered
from 1 to 120 by the hospital pharmacy according to
a randomization list set up by the Research and Inno-
vation Unit of our hospital. From visit 5 onwards,
participants returned the boxes with any remaining
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capsules, which were counted at the hospital phar-
macy. Subjects who had returned 60 or more capsules
of treatment 1 or 30 or more capsules of treatment 2
were excluded from the 6-month analysis. Neither the
investigators nor the participants knew the contents of
the boxes. The double-blind mechanism was opened
only after the database was closed.

Group A was treated with coenzyme Q10 100 mg

bid + selenium 100 mcg (Q10 Gold and SelenoPre-

cise, Pharma Nord ApS, Vejle, Denmark).

Coenzyme Q10 is a powerful antioxidant that
exerts important functions in cellular respiration and
energy production. It reduced cardiovascular and total
mortality in patients with heart failure [17]. Its sup-
plementation is virtually free of harmful effects. Sele-
nium and selenoproteins also contribute to our body’s
antioxidant systems. Blood selenium levels and die-
tary selenium intake are inversely associated with
mortality [18, 19]. On the other hand, administration
of selenium in high doses (>300 mcg/day) resulted
in increased mortality [20]. In Italy, the maximum
dose allowed is 100 mcg/day. Administration of coen-
zyme Q10 at a daily dose of 100 mg bid for 4 years,
together with selenium 200 mcg, reduced cardiovas-
cular mortality in elderly adults [21], and this effect
was maintained up to 12 years after the trial [22].
To the best of our knowledge, no other combination
of supplements has resulted in similar effects on an
unselected sample of the elderly population. More
recently, the same association has been reported to
prevent telomere attrition in leukocytes [23].

Group B was treated with resveratrol 350 mg bid
(NOW Foods, Bloomingdale, IL, USA)+ TA-65
100 U (T.A. Sciences, New York, NY, USA).
Resveratrol is a powerful polyphenolic antioxi-
dant found in small amounts in the skins and seeds
of grapes and in the roots of Polygonum cuspida-
tum. It exhibits anti-inflammatory effects [24], and
also appears to activate telomerase [25] and inhibit
the TOR system [26]. Resveratrol prolonged life in
drosophilas, roundworms, killifish, and obese mice
[27, 28]. In humans, resveratrol exhibited beneficial
effects on diabetes, dyslipidemia, and blood pres-
sure, and perhaps even an anti-cancer action [29,
30], but so far, no study has documented effects on
human longevity. The bioavailability of resveratrol
is very low, due to significant intestinal and hepatic

inactivation [31]. Prior to the start of this study, res-
veratrol doses above 1000 mg/day were known to
be associated with an increased incidence of gas-
trointestinal adverse events [32]. A hypercholester-
olemic effect was subsequently reported for doses
above 500 mg/day [33], which also occurred in our
group B.

TA-65 is a derivative of Astragalus membranaceus
root. In humans, TA-65 has been shown to lengthen
telomeres in chromosomes [34], an effect that has
the potential to increase longevity. In addition, in
humans, TA-65 improved age-related macular degen-
eration [35] and some blood parameters associated
with the metabolic syndrome [36]. TA-65 enhanced
immunity and reduced inflammation in post-myocar-
dial infarction patients [37]. At a dose of 100 U/day,
TA-65 reduced the number of senescent T cells in
healthy volunteers [38]. No significant adverse effects
of this supplement have been reported in clinical
studies, and it has been awarded the GRAS (Gener-
ally Recognized As Safe) certification.

Group C was treated with placebo 1 bid+ placebo
2 (both provided by Pharma Nord ApS, Vejle,
Denmark).

Statistical analysis

The variables were described with mean and stand-
ard deviation or 95% confidence interval (C.I.) in
case of normal distribution, or with median and
interquartile range in case of non-Gaussian distribu-
tion. Similarly, the differences among groups were
tested by one-way ANOVA or by Kruskal-Wallis
test, as appropriate. The differences among per-
centages were tested by chi-square test. For adverse
events, incidence rates per 100 person-months were
reported and compared by rate ratio test. Pear-
son’s correlation coefficients were determined by
linear regression after logarithmic transformation
of the log-normal variables. The effect of treat-
ments on outcome variables was assessed by three
different procedures: per-protocol, intention to
treat, and linear mixed models. Changes at each
semester compared to baseline (within-group dif-
ferences) were assessed by paired z-tests or Wil-
coxon’s test, as appropriate. Changes in proBN-
Page between groups were assessed by ANOVA for
repeated measures. The intention-to-treat analysis
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was performed after multiple imputation for miss-
ing values of proBNPage. In addition, a sensitivity
analysis was performed, by imputation of the high-
est or lowest detected values in the place of miss-
ing values, in order to promote the best or worst
possible result for treatments. Finally, linear mixed
models were applied to primary and secondary out-
come variables including all available observations,
also accounting for the effect of covariates. Linear
mixed models were also used to evaluate the possi-
ble influence of confounding factors on proBNPage
across the longitudinal measurements. Sample size
estimations were carried out using G*Power soft-
ware v. 3.1 (F tests, ANOVA: repeated measures).
The statistical analysis was carried out by R-based
software (Jamovi v. 2.6.17).

Table 1 Baseline characteristics of the 3 groups

Two-tailed tests were performed throughout.
P values <0.05 were considered significant and
Holm-Bonferroni correction was applied in case of
multiple testing.

Results

Considering the baseline sample as a whole
(N=120), the mean age was 71.7+4.6 years
(72.6 +4.6 in males and 70.8+4.4 in females,
P=0.03), while the mean proBNPage was
66.5+10.5 years (64.9+9.1 in males and
68.1+11.5 in females, P=0.10). Table 1 shows the
baseline characteristics of the three groups, which
did not differ significantly for any of the variables

Variable Group C Group A Group B P value
(Placebo) (Coenzyme Q10+ Selenium) (Resveratrol + TA-65)
N=40 N=40 N=40

Age (years) 71.9+4.0 71.4+5.3 71.9+4.3 0.87
Male sex 20 (50) 20 (50) 20 (50) -
ProBNPage (years) 68.3+11.6 66.3+9.5 65.1+10.2 0.43
NT-proBNP (pg/ml) 110.0 [68.5-167.3] 110.0 [51.2-136.5] 81.6 [43.6-122.8] 0.20
Education (years) 17 [13-17] 13 [13-17] 13 [8-17] 0.67
Hypertension 18 (45.0) 11 (27.5) 16 (40.0) 0.25
Hypercholesterolemia 12 (30.0) 14 (35.0) 11 (27.5) 0.76
Ever smoker 25 (62.5) 19 (47.5) 21 (52.5) 0.39
Alcohol > 2 units/day 7(17.5) 4(10.0) 4 (10.0) 0.50
BMI (kg/m?) 26.2+4.0 26.0+4.6 26.7+4.5 0.74
PASE 80.1 [56.2-109.1] 68.4 [38.9-102.0] 71.2 [53.2-92.5] 0.50
Step test (s) 94.6+25.3 95.5+24.9 97.3+19.3 0.86
Handgrip strength (kg) 34.1+10.2 31.8+8.9 33.1+11.2 0.54
EuroQoL VAS 80.5+10.2 77.4+11.2 78.3+8.9 0.40
Heart rate (beats/min) 68.2+11.8 65.8+11.1 67.9+9.7 0.57
SBP (mmHg) 142.7+17.2 147.6+19.0 142.6+16.3 0.39
DBP (mmHg) 83.8+8.7 84.8+9.0 82.1+9.3 0.51
SO2 (%) 97 [96-97] 97 [96-97] 97 [96-97] 0.55
ACE inhibitor/ARB 16 (40.0) 9 (22.5) 15 (37.5) 0.20
Calcium blocker 4(10.0) 2(5.0) 7(17.5) 0.19
Beta-blocker 5(12.5) 6 (15.0) 3(7.5) 0.57
Diuretic 4 (10.0) 5(12.5) 5(12.5) 0.92
Ezetimibe 2(5.0) 4 (10.0) 12.5) 0.35
PPI 3(7.5) 2 (5.0) 2 (5.0) 0.86

Values are mean + S.D. or median [25th-75th percentile] or number (percentage), ARB angiotensin receptor blocker, BMI body mass
index, DBP diastolic blood pressure, PASE Physical Activity Scale for the Elderly [47], PPI proton pump inhibitor, SBP systolic
blood pressure, SO2 oxygen saturation, VAS Visual Analog Scale
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considered. NT-proBNP and the corresponding
proBNPage were lower in group C than in the other
two groups, but these differences were not signifi-
cant. The secondary outcome variables (step test
duration, handgrip strength, and EuroQoL VAS) at
baseline also did not differ significantly among the
three groups.

Baseline proBNPage was inversely correlated
with hemoglobin (R=0.32, P=0.004) and handgrip
strength (R=0.24, P=0.03), and was directly cor-
related with log ESR (R=0.27, P=0.02). No sig-
nificant correlations were found with other possible
factors capable of influencing NT-proBNP variability
(such as creatinine, BMI, and log CRP).

During the study, the sample was considerably
reduced, not only because of group B interruption,
but also due to various dropouts and cases of inad-
equate treatment intake. In group A in 24 months,
there were eight dropouts for the following reasons:
statin prescription, atrial fibrillation, lung adenocar-
cinoma, diffuse paresthesias, hypertension with head-
ache and dizziness, worsening of arrhythmia, and two
voluntary withdrawals. In group B in 6 months, there
were 6 dropouts for the following reasons: statin pre-
scription, atrial fibrillation, dyspepsia, two cases of
diarrhea, and voluntary withdrawal. In group C, in
24 months, there were three dropouts for the follow-
ing reasons: statin prescription, dyspepsia, and cer-
ebral hemorrhage. Treatment intake was inadequate
for 11 subjects in the first semester, 16 subjects in the

second semester, 14 subjects in the third semester,
and 17 subjects in the fourth semester.

Effect of treatments on proBNPage

Per-protocol analysis — Table 2 and Fig. 2 show the
changes in proBNPage from baseline to each time
considered in the three groups. The baseline value
was available for all subjects, but for some the value
at some time later was missing (either because the
subject had not shown up for the visit, or because they
had not taken the treatments in adequate quantities).
Thus, different sample sizes and mean baseline values
are shown at each time, because for each comparison
only the subjects who had both the value at that given
time and the baseline value were considered. The spon-
taneous trend of proBNPage (group C) was much less
regular than expected. After 1 year, the proBNPage
had exactly increased by 1 year, and after 2 years had
increased by 2.4 years, but after 6 months the increase
had been 0.9 years and after 18 months there had been
a drop of —2.3 years from baseline. Due to the vari-
ability of the values and the numerical reduction of
the sample, none of these variations were significant.
In group A, smaller changes occurred up to 18 months,
but at 24 months a sharp increase in proBNPage
brought the difference from baseline to 2.8 years. None
of these changes were significant in this group either.
Finally, in group B, of which only measurements at
baseline and at 6 months were available, there was a

Table 2 ProBNPage

. Interval N Baseline After interval A P value
changes in the 3 groups—
per-protocol analysis Group C (placebo)
0 40 68.3+11.6 - - -
6 months 34 68.9+11.6 69.8+13.3 +09+104 0.61
12 months 31 68.5+12.0 69.5+11.8 +1.0+5.7 0.37
Values are mean+S.D. 18 months 31 69.3+11.8 67.0+12.7 —-23+7.7 0.10
and are expressed in years, 24 months 27 71.1+£9.7 73.5+8.5 +2.4+8.8 0.17
ProBNPage cha.mges reft?r to Group A (Coenzyme Q10+ Selenium)
the corresponding baseline
values and are tested 0 40 66.3£9.5 - - -
with paired ¢ test, N and 6 months 30 67.2+9.0 67.2+11.2 0+7.7 1.00
baseline values change at 12 months 26 66.9+9.3 67.3+9.3 +0.4+7.0 0.76
each interval because only 18 months 26 66.2+9.9 66.4+10.5 +02+69 0.84
subjects with both baseline
and after-interval value are 24 months 25 66.6+9.3 69.4+9.6 +28+7.5 0.07
included in this analysis, Group B (Resveratrol + TA-65)
Subjects with inadequate 0 40 65.1+10.2 - - -
intake of treatments are 6 months 34 64.7+10.1 64.2+11.0 ~05+538 0.64

excluded from this analysis
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Fig. 2 Forest plot of
mean difference between

Group C - Placebo

proBNPage at each time 6 months * 0.9(-2.7/4.5)
and baseline, plus 95% con-
fidence intervals, in groups 12 months S I — 1.0(-1.1/3.0)
C,A and B
18 months * -2.3(-5.1/0.5)
24 months * 2.4(-1.1/5.9)
Group A — Coenzyme Q10 + Selenium
6 months 0.0(-2.9/2.9)
12 months * 0.4 (-2.4/3.2)
18 months o 0.2 (-2.5/3.1)
24 months R 2.8(-0.2/5.9)
Group B — Resveratrol + TA-65
6 months e -0.5(-2.5/1.6)
s 4 2 0 2 4 6 8
Years

non-significant reduction in proBNPage of —0.5 years.
None of the differences in deltas between groups, at
the same interval, were significant.

Intention-to-treat analysis — In this analysis, miss-
ing values of proBNPage were assigned by multiple
imputation. Again, no significant changes were found
within and between groups, and also the interac-
tion term (groupXtime) was not significant (Supple-
mentary Table 2). In addition, a sensitivity analysis
was performed, by imputation of the highest or low-
est detected values in the place of missing values, in
order to promote the best or worst possible result for
treatments. In the first case (best possible result, Sup-
plementary Table 3), borderline significance could
be obtained between groups and for interaction term,
but without any significant progression of proBNPage
over time. In the second case (worst possible result,
Supplementary Table 4), in group A, a significant
increase of 11.8 years with respect to baseline could
be induced at the 24th month, also confirmed by a sig-
nificant increase in the interaction term, but even this
considerable factitious increment was not sufficient to
cause a significant difference between the groups.

@ Springer

Linear mixed model analysis — To complete the
analysis of treatment effects, we assessed a linear
mixed model with proBNPage as dependent variable,
including group and time as factors, and age, sex,
and hemoglobin (see further) as covariates (groups
A and C, all available observations: N=222, Supple-
mentary Table 5). By this analysis, in addition to age
and hemoglobin, proBNPage was also significantly
associated with time (24th month vs. baseline), while
the associations with group and interaction term
(group X time) were not significant.

Effect of treatments on secondary outcome variables

Figure 3 shows the trends of secondary outcome vari-
ables (step test duration, handgrip strength, and Euro-
QoL VAS) in the three groups during the 2 years of
the study (see also Supplementary Tables 6, 7, and 8).
In all groups and at all times considered, the duration
of the step test was significantly reduced compared
to the baseline assessment, probably due to training
effect. On the other hand, no significant changes in
handgrip strength and EuroQoL VAS were detected,
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Fig. 3 Time trends of secondary outcome variables (step test, handgrip strength, and Euro QoL VAS) in the 3 treatment groups.

*P<0.05, #P <0.01, **¥*P <0.001 vs. baseline

compared to baseline, for any of the treatments and
timings of the study. Linear mixed models were also
applied to secondary outcome variables in groups A
and C, including group and time as factors, and age
and sex as covariates (Supplementary Table 5). Step
test duration was associated directly with age and
female sex, and inversely with time (the latter with
high significance). Handgrip strength was associated
with high significance with male sex and age (inverse
association), and with borderline significance with
group and time. EuroQoL VAS was associated with
no variables. None of the secondary outcome vari-
ables were associated with group X time interaction.

Spontaneous behavior of proBNPage in the combined
group A+ C and its subgroups

The main focus of this work and the primary objec-
tive of the trial was to describe, for the first time, the
progression of proBNPage in a longitudinal study,
to fine tune a reliable method for assessing putative

anti-aging treatments. In order to examine more pre-
cisely the spontaneous behavior of proBNPage, since
no significant differences were detected between the
groups A and C, we considered these two groups as a
single group, including only those subjects for whom
all five proBNPage values were available (Table 3).
Subjects who had not taken the treatments in ade-
quate quantities were also included in this analysis,
given the apparent lack of effect of the treatments. In
the sample thus composed (N=68, 71.2+4.4 years,
34 males and 34 females), there was a sharp increase
in proBNPage at 6 months (1.4 years), followed by a
progressive decrease up to—0.7 years at 18 months
compared to baseline, and then a new abrupt increase
between 18 and 24 months, which brought the differ-
ence from baseline to+ 2.5 years. The increase during
the last semester and that between baseline and 24th
month were both significant (respectively, P=0.002
and P=0.01). Based on the data reported in Table 3
and the correlation coefficient R=0.744 between
baseline and 24-month values, we can estimate
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Table 3 ProBNPage changes in groups A+C

Visit ProBNPage (years) A from baseline P value
Baseline 66.8+10.7 - -

6 months  68.2+12.2 +1.4+89 0.20
12 months  67.6+10.6 +0.8+£6.8 0.32
18 months  66.1+11.5 -0.7+£72 0.43
24 months  69.3+10.7 +2.5+7.6 0.01*

ProBNPage values are mean+S.D, Only subjects with all 5
values are included in this analysis, which also includes those
with inadequate intake of treatments (N=68)

*Significant after Holm-Bonferroni correction for multiple
testing

that a total sample size of 260 subjects (130 per
group) would be needed to obtain significant results
(P<0.05) within and between two groups, with a
power of 80%.

We then divided the same sample (A +C) into
subgroups, each composed of 34 subjects (males
vs. females, “younger” vs. “older,” and low vs.
high baseline proBNPage), to ascertain whether
the change observed at 24 months concerned any
subgroup in particular (Table 4). The subjects with
chronological age <the median (70 years) were con-
sidered “young,” and a proBNPage <the median
(68 years) was considered low. The largest changes
after 2 years occurred in the subgroup of the older
subjects (4+3.0 years, P=0.009) and in the sub-
group with low baseline proBNPage (+4.0 years,
P=0.006), and both changes retained their signifi-
cance after Holm-Bonferroni correction for multiple
testing. The smallest change after 2 years was in sub-
jects with high baseline proBNPage: only + 0.8 years

Table 4 Subgroup analysis: proBNPage changes in groups A+ C

(P=0.50). By ANOVA for repeated measures,
the low baseline proBNPage factor was associated
with significant within (P=0.003) and between
(P<0.0001) effects. Similarly, the “older” factor
was associated with significant within (P=0.01) and
between (P <0.05) effects. However, probably due
to the small size of the subgroups, both interactions
(time x low baseline proBNPage and time X “older”)
were not significant.

By enrolling subjects over 70 years of age, based
on the data reported in Table 4 and the correlation
coefficient R=0.759 between baseline and 24-month
values, we can estimate that a total sample size of 126
subjects (63 per group) would be sufficient to obtain
significant results (P <0.05) within and between two
groups, with a power of 80%.

Analysis of proBNPage variability

To better understand the possible causes of proBNPage
variability in our sample, in a linear mixed model with
proBNPage as dependent variable, we included sex,
baseline age, current (at times 0, 12, and 24 months) age,
hemoglobin, log ESR, log INR, creatinine, log CRP, and
BMI as covariates (groups A +C together, N=80, num-
ber of observations =222). After a backward elimination
procedure, only current age (P<0.0001) and hemo-
globin (P=0.0009) remained in the model, with the
following coefficients: proBNPage=current agex0.61
(95% CI 0.32/0.89)—current hemoglobinx3.19 (95%
CI-4.96/—1.42)+68.30 (95% CI 66.97/69.63). Thus,
among the safety variables measured at times 0, 12, and
24 months, only hemoglobin was found to be a signifi-
cant factor of variability for proBNPage.

Subgroup N Baseline After 24 months A P value
Males 34 65.8+9.2 67.9+104 +2.1+58 0.045
Females 34 67.9+12.1 70.6+10.9 +2.7+£9.2 0.09
Younger 34 64.8+12.9 66.6+11.1 +1.8+8.38 0.24
Older 34 68.9+7.5 71.9+9.7 +3.0+63 0.009*
Low baseline proBNPage 34 58.6+7.9 62.6+9.4 +4.0+8.1 0.006*
High baseline proBNPage 34 75.1+£54 759+7.2 +0.8+£6.9 0.50

Values are mean=+ S.D. and are expressed in years, Only subjects with all 5 values are included in this analysis, which also includes
those with inadequate intake of treatments, Younger=Baseline chronological age <median value (70 years) in groups A+C, Low
baseline proBNPage = Baseline proBNPage < median value (66 years) in groups A +C

*Significant after Holm-Bonferroni correction for multiple testing
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Safety analysis

Table 5 summarizes the main clinical and labora-
tory data on treatment safety. At month 24, there
was a significant drop in INR and an increase in
ESR in both groups A and C (perhaps favored by
the spread of flu syndromes at that time). Simi-
larly, in both groups A and C, there was a slight
increase in blood glucose, which was instead
associated with a significant decrease in glycated
hemoglobin. In addition, an increase in HDL cho-
lesterol was detected in all groups. The most sig-
nificant changes occurred in group B, resulting in
the discontinuation of the study in this group. In
fact, as early as 14 days, very significant increases
in total cholesterol, LDL cholesterol, triglycerides,
potassium, calcium, and ALT were detected. The
most marked change concerned LDL cholesterol
(+13.6% at 3 months, P<0.0001, Fig. 4, Supple-
mentary Tables 9 and 10), but after the discontinu-
ation of treatments, already at the 6th month LDL
cholesterol had dropped to—5.4% compared to
baseline (P =0.002).

Table 6 shows the number and incidence of
the adverse events that occurred during the study
(mostly during the first 6 months). In group B,
gastrointestinal disorders occurred in greater num-
bers than in the other groups: abdominal pain, aer-
ophagy, flatulence, and especially diarrhea (5 per
100 person-months vs. 0.21 in each of the other two
groups, P<0.0001). Although in most cases these
events were graded by participants as mild, in seven
cases they were graded as severe and were a cause
of withdrawal from the study.

Discussion

With this pilot study, we have described the longi-
tudinal course of proBNPage, and have understood
how future studies aimed at using proBNPage to
evaluate the effect of anti-aging treatments should
be designed. In addition to this primary objective,
the trial had the secondary objective of testing
two pairs of possible anti-aging treatments. None
of the treatments examined induced significant
changes in proBNPage and secondary outcome
variables, but the small sample size, caused by
many dropouts and non-optimal treatment intake,

does not allow us to exclude possible effects of the
treatments. Finally, this study showed a marked
cholesterol increase in group B, which led to the
discontinuation of the trial at the 5th month in this

group.

ProBNPage as a method to evaluate the effectiveness
of anti-aging treatments

In our sample, mean proBNPage was lower than
chronological age. This finding is probably related
to the fact that the method of calculating proBNPage
had previously been obtained in an unselected sam-
ple (apart from the exclusion of cases of heart failure
and atrial fibrillation) [7], while the current sample
included people who were as healthy as possible (and
therefore on average “younger” than their chronologi-
cal age).

Based on data from the literature and our previ-
ous experiences in cross-sectional studies, which
had demonstrated the progression of NT-proBNP
and proBNPage in groups of subjects with increas-
ing age [7, 8], we hypothesized that such behav-
ior could also occur in subjects studied longitudi-
nally. In particular, we thought that the increment
of proBNPage from baseline would progressively
increase over time, until it became significant using
statistical tests for paired data. Actually, our pre-
vious cross-sectional data had shown that, over a
period of 1 year, decreases, rather than increases, in
proBNPage could often occur, while over a period
of 2 years the finding of an increase in proBNPage
was almost constant [12]. For this reason, we chose
a duration of 2 years for our trial, also thinking
that a 2-year increase could be the minimal clini-
cally important difference for proBNPage. The pre-
sent study has shown that the longitudinal trend of
proBNPage is also rather irregular, with increases
followed by decreases and vice versa, confirming
that only after 2 years a significant increment from
baseline is obtained.

The main known causes of NT-proBNP variabil-
ity, in addition to heart disease, sex, and age, are renal
failure [39], anemia [40], and obesity [41]. It is also
possible that inflammatory conditions and strenuous
physical activity may promote transient increases,
followed by subsequent decreases, in NT-proBNP
[42—45]. In our sample, after multivariate analy-
sis, we could only confirm an inverse independent
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Table 5 Safety analysis: clinical and laboratory variables

Variable Group C Group A Group B
(Placebo, N=37) (Coenzyme Q10+ Selenium, N=25) (Resveratrol + TA-65, N=34)
Baseline 24 months Baseline 24 months Baseline 3 months
BMI (kg/m?) 26.4+4.1 26.6+3.9 253+4.0 25.5+3.7 26.6+4.7 26.8 +4.8%*
SBP (mmHg) 141.2+16.6 137.1+14.9 144.8+18.6 140.8+23.3 143.5+15.9 1429+ 14.9
DBP (mmHg) 83.9+38.1 823+75 83.6+10.3 82.5+11.2 82.0+9.2 83.0+11.8
Heart rate (beats/ 69.5+11.6 66.4+10.1 63.7+8.7 63.1+£9.7 67.3+7.9 65.6+9.0
min)
QTc (ms) 421.6+22.6 42524222 426.2+22.1 420.2+19.6 42424149 415.8+16.9%*
Leukocytes (10°L)  6.11+1.00 6.01+1.21 5.83+1.09 5.77+1.18 5.92+1.01 6.24+1.55
Neutrophils (%) 59.3+84 61.2+8.7* 57.0+8.8 57.5+8.0 59.1+7.3 59.6+8.0
Lymphocytes (%)  30.8+7.9 29.0+7.7* 32.8+8.2 32.5+7.1 31.0+6.9 30.0+£7.5
Eosinophils (%) 2.6 [1.4-3.4] 2.7[1.8-3.7] 2.2[1.4-3.2] 2.4[1.7-3.1] 2.1[1.5-2.4] 2.4 [1.6-3.8]
Hemoglobin (g/dL) 14.3+1.5 143+1.1 14.0+1.1 14.2+0.9 145+12 14.6+12
Platelets (10°/L) 227.4+51.6 240.0 +£54.5* 247.8+51.5 243.4+58.4 232.8+51.7 234.4+49.7
ESR (mm/h) 8.0 [2.0-12.0] 13.0 [6.0-22.0]*** 5.0 [3.0-12.0] 9.0 [7.0-18.0]*** 9.0 [4.3-15.0] 8.5 [5.0-14.0]
INR 1.02 [1.00-1.06] 0.92 [0.89— 1.05 [1.03-1.08] 0.92 [0.91- 1.04 [1.01-1.06] 1.02 [0.97-1.06]*
0.95]%#%* 0.95]#**
Creatinine (mg/dL) 0.85+0.16 0.82+0.15 0.84+0.16 0.84+0.18 0.90+0.15 0.86+0.11*
Blood Glucose 83 [77-91] 86.0 [80.0-95.0]*  82.0 [77.0-89.0] 89.0 [84.0-94.0]*  83.0[75.5-87.0] 88.5 [80.3-94. 8]**

(mg/dL)

HbAlc (mmol/mol) 36.3+3.5 35.1 4 3.6%** 36.2+3.1 34.9 4 3.9%** 36.7+3.1 36.8+2.8
Cholesterol (mg/ 213.1+£27.5 211.3+34.7 211.7+23.5 217.8+27.7 213.2+30.1 238.5 4+ 38.9%%*

dL)

LDL cholesterol 132.1+21.5 126.4+28.9 126.7+18.0 130.7+21.6 130.6+23.0 148.0 + 29.1%%*

(mg/dL)

HDL cholesterol 60.7+13.9 64.2 +14.9%* 67.2+10.4 70.3+£13.7* 62.1+14.9 65.8 +£14.2%*

(mg/dL)

Triglycerides (mg/  89.0 [67.0-117.0]  96.0 [85.0-103.0]  84.0 [68.0-95.0] 84.0 [70.0-97.0] 88.0[66.0-127.8]  101.0 [79.5-

dL) 150.8]%**
Sodium (mmol/L)  141.7+1.9 140.0 + 2.4%%%* 141.2+1.9 140.0+14 141.6+1.8 140.9+2.3%*
Potassium 42404 42403 44+03 4.2+0.3% 43+03 4.6 +0.4%*

(mmol/L)

Calcium (mg/dL) 94+04 9.4+0.3 9.4+04 9.4+0.3 9.5+04 9.7 +£0.3%*

AST ((U/L) 23.0 [20.0-26.0] 22.0[21.0-27.0] 23.0 [20.0-25.0] 23.0 [21.0-24.0] 22.0[19.0-25.0] 23.0 [21.0-26.8]*

ALT (U/L) 18.0 [15.0-22.0] 17.0 [14.0-24.0] 16.0 [13.0-21.0] 15.0 [14.0-21.0] 15.0 [13.0-20.0] 19.0 [16.3-24.3]**

GammaGT (U/L) 25.0 [17.0-37.0] 20.0 [16.0-31.0] 23.0[17.0-29.0] 20.0 [16.0-26.0] 22.0[18.0-28.3] 22.5[18.0-26.0]

CRP (mg/dL) 0.17 [0.08-0.35] 0.22 [0.13-0.35] 0.10 [0.08-0.13] 0.11 [0.08-0.24] 0.22 [0.10-0.45] 0.20 [0.16-0.34]

PSA (ng/mL) 1.41 [0.98-2.92] 1.63 [1.27-2.11] 0.93 [0.61-1.43] 0.73 [0.58-1.42] 0.95 [0.52-1.36] 0.73 [0.40-1.48]
(N=17) (N=17) (N=11) (N=11) (N=15) (N=15)

Values are mean+S.D. or median [25th-75th percentile], ALT alanine aminotransferase, AST aspartate aminotransferase, BMI body
mass index, CRP C-reactive protein, DBP diastolic blood pressure, ESR erythrocyte sedimentation rate, GammaGT gamma glutamyl
transferase, HDL high density lipoprotein, /NR international normalized ratio, LDL low density lipoprotein, PSA prostatic specific
antigen, Q7Tc corrected QT interval, SBP systolic blood pressure

*P<0.05; **P<0.01; ***P<0.001. P values refer to the corresponding baseline values and were obtained with paired ¢ test or
Wilcoxon’s test, as appropriate. Only subjects with adequate intake of treatments were included in the analysis of groups A and B. In
bold significant changes after Holm-Bonferroni correction for multiple testing

relationship between proBNPage and hemoglobin: a

decrease by 1 g/dl in hemoglobin was associated with

an increase by 3.19 years in proBNPage.
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This study showed that the subgroup with the great-
est propensity to exhibit an increase in proBNPage

at 2 years was the one that initially had proBNPage
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Fig. 4 Time trends of LDL cholesterol percent changes in
the 3 treatment groups during the first 6 months of study. At
the 5th month treatment intake was discontinued in group B.
*P<0.05, **P<0.01, ***P<0.001 vs. baseline

Table 6 Adverse events

Adverse event Group C Group A Group B
Diarrhea 2 (0.21) 2(0.21) 12 (5.00)***
Abdominal pain 2 (0.21) 0 5 (2.08)**
Aerophagy 0 0 2(0.83)
Flatulence 0 0 2 (0.83)
Nausea 1(0.10) 1(0.10) 2 (0.83)
Increased appetite 2(0.21) 1(0.10) 0
Xerostomia 1(0.10) 2(0.21) 2 (0.83)
Constipation 2(0.21) 3(0.31) 0
Nycturia 1(0.10) 0 1(0.42)
Pollakiuria 1(0.10) 0 1(0.42)
Dark urine 0 0 3(1.25)
Insomnia 1(0.10) 3(0.31) 2 (0.83)
Somnolence 1(0.10) 2(0.21) 2(0.83)
Headache 0 2(0.21) 2 (0.83)
Asthenia 2(0.21) 0 1(0.42)
Itching 3(0.31) 0 1(0.42)
Myalgia 1(0.10) 0 2 (0.83)
Other 8 (0.83) 8(0.83) 6 (2.50)*

Values are count and incidence per 100 person-months
%P <0.0001; **P <0.01; *P<0.05 (comparisons vs. group C)

values below the median, while the subgroup with
higher values did not achieve a significant increase.
This fact is at least partly due to the mechanism of
regression towards the mean [46], which is often
observed in longitudinal studies. In our case, many
individuals with proBNPage values above the median
likely had factors, such as those mentioned above, that,
regardless of age, cause an increase in NT-proBNP

concentration. In these subjects, the progression of
proBNPage with age is less visible, and even reduc-
tions may occur because of the normalization of con-
founding factors. Conversely, in subjects with proB-
NPage below the median, confounding factors were
not present, or acted in the opposite direction, so that
the effect of age was more evident or amplified. Even
at the individual level, these mechanisms could favor
increases and subsequent decreases in values, causing
proBNPage to take on an apparently capricious trend
when evaluated over relatively short time intervals and
in small groups.

To facilitate the use of proBNPage in future stud-
ies, it may be useful to take advantage of the fact that
its progression after 2 years was more evident and
significant in older subjects (over 70) than in younger
subjects (+3.0 years, P=0.009 vs.+1.8 years,
P=0.24, respectively). The relationship of NT-
proBNP with age is exponential, so its concentration
is proportionally higher in older than in younger sub-
jects. For example, in men, at the age of 65, an age
increment of 1 year is associated with an increase in
NT-proBNP of 5 pg/ml, while at the age of 75 the
same increment is associated with an increase in NT-
proBNP of 13 pg/ml. It is thus possible that in older
subjects the age factor may influence NT-proBNP
levels to a greater extent than confounding factors.
We therefore propose to increase the age of entry into
the sample from 65 to 70 years. Using the statistical
parameters obtained in the subgroup aged > 70 years,
we calculated that, in a 2-year study, for the com-
parison between two groups (placebo vs. treatment) a
minimum sample size of 63 subjects per group could
allow the demonstration of significant changes within,
and also between, the groups, with a power of 80%.
Admitting dropout rates of up to 30%, 90 subjects per
group should be enrolled (180 for two groups). This
objective could be easily achieved by replicating our
convocation mechanism, i.e., 2000 invitation letters
with questionnaire to pre-selected subjects.

Coenzyme Q10+ selenium association

In group A, compared to placebo, proBNPage had
an apparently slower progression in the first year
and an apparently faster progression in the second
year, but none of these changes were significant.
Similarly, none of the secondary outcome vari-
ables behaved differently between this group and
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the placebo group. However, we cannot exclude
that in a larger sample or with a longer observa-
tion period, different results may be obtained.
In fact, this association had previously favored a
reduction in mortality and NT-proBNP levels in
a larger sample than ours after 4 years of treat-
ment [21], and these results were maintained even
after 12 years [22]. In addition, a double dose of
selenium was used, compared to the 100 mcg/day
allowed in Italy.

Resveratrol + TA-65 association and
hypercholesterolemic effect

Unfortunately, the intake of treatments in group B
was interrupted at the 5th month, so we only have
data for the first semester of the study. Although
proBNPage at baseline was the lowest of the three
groups, at the 6th month, there was an apparent
decrease of 0.5 years in proBNPage, which how-
ever was not significant. Many participants pre-
sented gastrointestinal disorders and a significant
increase in cholesterolemia. There are several lit-
erature data suggesting that the component mainly
responsible for these adverse events might be high-
dose resveratrol [32], while previously there had
never been any report of similar disorders caused
by TA-65. In particular, in September 2022, the
meta-analysis by Cao et al. [33] showed that the
known cholesterol-lowering action of resveratrol
had been obtained only in studies that had used
daily doses below 500 mg, while for higher doses
the effect was reversed, becoming hypercholester-
olemic. This is consistent with our study, in which
the dose of 700 mg/day was used. This result sug-
gests that resveratrol may act more like a drug than
like a dietary supplement, causing adverse effects
in the event of an overdose, while possible ben-
eficial effects might occur at lower doses. Further
studies are warranted to separately evaluate the
effect on biological age of TA-65 and resveratrol at
doses below 500 mg/day.

The increase in HDL cholesterol is not attribut-
able to the same mechanisms, having also occurred
in groups A and C. A possible explanation could be
an incentive to increase physical activity induced
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by participation in the trial, as the generalized
improvement in performance at the step test also
seems to suggest.

Limitations

Using for the first time parameters obtained from a
longitudinal study on proBNPage, we have shown
that the sample used in this study, whose size was
based on a previous cross-sectional study, was under-
powered. This limitation was further compounded
by dropouts and inadequate intake of the treatments,
which prevented us from drawing definitive conclu-
sions on the effects of the treatments and repositions
these findings as exploratory.

This study did not compare proBNPage to other
aging biomarkers, as the method required further
development. Now that essential longitudinal data
is available, future studies may compare this system
with existing ones and perhaps it will be possible to
know whether proBNPage reflects the same, com-
plementary, or entirely different aspects of biological
aging.

Although the method to follow proBNPage progres-
sion over time is now better understood, we still do
not know whether proBNPage can be affected by any
treatment, and whether reducing NT-proBNP concen-
trations and proBNPage (a surrogate of biological age)
would lead to real benefits on aging and aging-related
diseases. However, the latter limitation also applies to
all other methods of biological age estimation.

Conclusions

Despite the irregular fluctuations of proBNPage, this
pilot study was able to achieve its primary objective,
i.e., the development of a method for assessing a
surrogate of biological age, based on serial measure-
ments of NT-proBNP, to be used in subsequent stud-
ies aimed at evaluating the effect of potential anti-
aging treatments. In particular, we have calculated
the sample size based on longitudinal data, have
confirmed that a trial duration of 2 years is needed
to obtain significant results, and have found that
more significant results might be obtained enrolling
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older subjects. No significant benefits could be dem-
onstrated for any of the treatments tested, but this
does not exclude their possible effects, in view of
the low power of our study, compounded by the high
dropout rate. Finally, the marked increase in cho-
lesterolemia obtained in group B suggests that the
administration of resveratrol in high doses should be
avoided.

Acknowledgements This study has been made pos-
sible thanks to the generous support of the manufactur-
ers of the food supplements, who donated their products:
Pharma Nord (coenzyme QI10, selenium, placebo 1 and
2), NOW Foods (resveratrol), and TA Sciences (TA-65).
We also thank Quidel and Roche for donating the reagents
for NT-proBNP measurements. Finally, we are indebted
to Professor Marco Zoli, who contributed with advice
and financial support before his retirement, with Sab-
rina Fontana and Virna Bui, for their logistic support, and
with the staff of the Research and Innovation Unit of the
IRCCS Azienda Ospedaliero-Universitaria di Bologna, for
continuous organizational help. The authors present this
paper on behalf of the PBAR study group: Steering Com-
mittee (the Investigators)—Antonio Muscari, Paola Forti,
Mara Brizi, Donatella Magalotti, Giovanni Barbara. Public
Health Department—Vincenza Perlangeli, Paolo Pandolfi.
Nursing staff—Eleonora Capelli, Sabrina Fontana, Virna
Bui, Manuel Cadario, Barbara Ciuffi, Alessandra Maselli,
Giuseppe Smiriglio, Pasqualina Vitali, Valentina Pucci,
Simona Poti. Pharmacy—Filomena Piro, Giulia Piazza,
Michele Meneghello, Alessandra Stancari. Schools of Geri-
atrics and Internal Medicine—Vittorio Dugato, Pietro Dal-
monte, Lucia Bosi, Lucia Biondi, Giulia Perlini, Giovanni
B. Berti, Irene Ghillani, Sara Sabatini, Elena Denicolo,
Maria D’Errico, Claudia Asperti, Alessandra Mollicone,
Giulia Dei, Riccardo Sermasi, Emanuela Di Salvo, Grazia
Levrero, Marco Domenicali. Statistics and database sup-
port—Helena Policardi, Maria Rosaria Schettino, Dino
Gibertoni. Laboratories—Eric Ramazzotti, Loredana Incor-
vaia, Paolo Maltoni, Daniele Casanova Borca, Victoria
Gasperini, Ilaria Valmori, Rita Mancini.

Author contribution All authors contributed to the study
design. Antonio Muscari conceived the study and wrote the
draft of the paper. Paola Forti is the principal investigator.
Mara Brizi and Donatella Magalotti provided important organi-
zational contributions. Eleonora Capelli and Barbara Ciuffi
designed nursing support. Filomena Piro defined and organized
all pharmaceutical aspects. Paolo Pandolfi was importantly
involved in participant recruitment. Eric Ramazzotti, Loredana
Incorvaia, Paolo Maltoni, and Daniele Casanova Borca pro-
vided valuable input in laboratory measurements and methods.
Giovanni Barbara contributed to study design and critically
revised the manuscript. All authors have read and approved the
manuscript.

Funding This was a spontaneous non-profit study. It was
funded by grants from the Italian Ministry of University and
Research (MUR). Sponsor of the study was IRCCS Azienda
Ospedaliero-Universitaria di Bologna, via Albertoni 15, 40138
Bologna, Italy. Neither funder nor sponsor nor pharma compa-
nies had any role in study design, collection, analysis and inter-
pretation of data, writing the report, and the decision to submit
the report for publication.

Data availability All data collected during this study will be
provided in pseudonym form upon reasonable request.

Declarations

Disclosures This spontaneous non-profit study was sup-
ported by Now Foods, Pharma Nord, TA Sciences, Quidel and
Roche, which donated their products (see Acknowledgments).
No financial support was provided by the same companies.
Professor Giovanni Barbara reports personal fees from Aboca,
AB Biotics, Agave, Alfasigma, Allergan, Arena, AstraZeneca,
Bayer, Biocodex, Bromatech, Cadigroup, Diadema, GE Health-
care, Falk Pharma, IMA, Mayoly, Malesci, Nestle, Parmalat,
Sanofi, Schwabe Pharma, Sofar, Yakult, and Zespri, outside the
submitted work. In addition, Professor Giovanni Barbara has a
patent “Metodo e kit per la diagnosi della sensibilita al glutine
non associata alla celiachia” with paid royalties. No other con-
flicts of interest have to be reported by the authors.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The
images or other third party material in this article are included
in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/4.0/.

References

1. Ludwig FC, Smoke ME. The measurement of biological
age. Exp Aging Res. 1980;6:497-522.

2. Horvath S. DNA methylation age of human tissues and
cell types. Genome Biol. 2013;14:R115. https://doi.org/
10.1186/gb-2013-14-10-r115.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/gb-2013-14-10-r115
https://doi.org/10.1186/gb-2013-14-10-r115

GeroScience

10.

11.

12.

13.

14.

15.

Bekaert S, De Meyer T, Van Oostveldt P. Tel-
omere attrition as ageing biomarker. Anticancer Res.
2005;25:3011-21.

Kim S, Jazwinski SM. Quantitative measures of healthy
aging and biological age. Healthy Aging Res. 2015;4:26.
https://doi.org/10.12715/har.2015.4.26.

WaziryR, GrasL, Sedaghat S, Tiemeier H, Weverling GJ, Ghan-
bari M, Klap J, de Wolf F, Hofman A, Ikram MA, Goudsmit
J. Quantification of biological age as a determinant of age-
related diseases in the Rotterdam Study: a structural equation
modeling approach. Eur J Epidemiol. 2019;34:793-9.

Song L, Zhang S. Anti-aging activity and modes of action
of compounds from natural food sources. Biomolecules.
2023;13:1600. https://doi.org/10.3390/biom13111600.
Muscari A, Bianchi G, Forti P, Magalotti D, Pandolfi P, Zoli
M, Pianoro Study Group. N-terminal pro B-type natriuretic
peptide (NT-proBNP): a possible surrogate of biological
age in the elderly people. Geroscience. 2021;43:845-57.
Crimmins EM, Thyagarajan B, Kim JK, Weir D, Faul J.
Quest for a summary measure of biological age: the health
and retirement study. Geroscience. 2021;43:395-408.
Muscari A, Bianchi G, Forti P, Giansante C, Giovagnoli
M, Magalotti D, Pandolfi P, Perlangeli V, Zorzi V, Zoli M,
Pianoro Study Group. A comparison of risk factors as pre-
dictors of cardiovascular and non-cardiovascular mortality
in the elderly people-relevance of N-terminal pro-B-type
natriuretic peptide and low systolic blood pressure. Int J
Clin Pract. 2013;67:1182-91.

Muscari A, Bianchi G, Forti P, Magalotti D, Pandolfi P,
Zoli M; Pianoro Study Group. The association of proB-
NPage with manifestations of age-related cardiovascular,
physical, and psychological impairment in community-
dwelling older adults. Geroscience. 2021;43(4):2087-100.
Muscari A, Antonelli S, Bianchi G, Cavrini G, Dapporto
S, Ligabue A, Ludovico C, Magalotti D, Poggiopollini
G, Zoli M; Pianoro Study Group. Serum C3 is a stronger
inflammatory marker of insulin resistance than C-reactive
protein, leukocyte count, and erythrocyte sedimentation
rate: comparison study in an elderly population. Diabetes
Care. 2007;30:2362-8.

Muscari A, Forti P, Brizi M, Magalotti D, Capelli E, Poti
S, Piro F, Pandolfi P, Perlangeli V, Ramazzotti E, Barbara
G; PBAR Study Group. Can we slow down biological age
progression? Study protocol for the proBNPage reduction
(PBAR) randomized, double-blind, placebo-controlled
trial (effects of 4 "anti-aging" food supplements in healthy
older adults). Clin Interv Aging. 2023;18:1813-25.

Chan DC, Pang J, Watts GF. Pathogenesis and manage-
ment of the diabetogenic effect of statins: a role for adi-
ponectin and coenzyme Q10? Curr Atheroscler Rep.
2015;17:472. https://doi.org/10.1007/s11883-014-0472-7.
Boccardi V, Barbieri M, Rizzo MR, Marfella R, Espos-
ito A, Marano L, Paolisso G. A new pleiotropic effect
of statins in elderly: modulation of telomerase activity.
FASEB J. 2013;27:3879-85.

Petrella RJ, Koval JJ, Cunningham DA, Paterson DH.
A self-paced step test to predict aerobic fitness in older
adults in the primary care clinic. J Am Geriatr Soc.
2001;49:632-8.

Springer

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

EuroQol Group. EuroQol-a new facility for the meas-
urement of health-related quality of life. Health Policy.
1990;16:199-208.

Mortensen SA, Rosenfeldt F, Kumar A, Dolliner P, Fili-
piak KJ, Pella D, Alehagen U, Steurer G, Littarru GP;
Q-SYMBIO Study Investigators. The effect of coenzyme
Q10 on morbidity and mortality in chronic heart failure:
results from Q-SYMBIO: a randomized double-blind trial.
JACC Heart Fail. 201;2:641-9.

. Giovannini S, Onder G, Lattanzio F, Bustacchini S, Di

Stefano G, Moresi R, Russo A, Bernabei R, Landi F. Sele-
nium concentrations and mortality among community-
dwelling older adults: results from IISIRENTE study. J
Nutr Health Aging. 2018;22:608-12.

Sun JW, Shu XO, Li HL, Zhang W, Gao J, Zhao LG, Zheng
W, Xiang YB. Dietary selenium intake and mortality in two
population-based cohort studies of 133 957 Chinese men
and women. Public Health Nutr. 2016;19:2991-8.

Rayman MP, Winther KH, Pastor-Barriuso R, Cold F,
Thvilum M, Stranges S, Guallar E, Cold S. Effect of long-
term selenium supplementation on mortality: results from
a multiple-dose, randomised controlled trial. Free Radic
Biol Med. 2018;127:46-54.

Alehagen U, Johansson P, Bjornstedt M, Rosén A, Dahl-
strom U. Cardiovascular mortality and N-terminal-
proBNP reduced after combined selenium and coenzyme
Q10 supplementation: a 5-year prospective randomized
double-blind placebo-controlled trial among elderly
Swedish citizens. Int J Cardiol. 2013;167:1860-6.
Alehagen U, Aaseth J, Alexander J, Johansson P. Still
reduced cardiovascular mortality 12 years after sup-
plementation with selenium and coenzyme Q10 for four
years: a validation of previous 10-year follow-up results of
a prospective randomized double-blind placebo-controlled
trial in elderly. PLoS ONE. 2018;13: e0193120. https://
doi.org/10.1371/journal.pone.0193120.

Opstad TB, Alexander J, Aaseth JO, Larsson A, Seljeflot
I, Alehagen U. Selenium and coenzyme Q,, intervention
prevents telomere attrition, with association to reduced
cardiovascular mortality-sub-study of a randomized clini-
cal trial. Nutrients. 2022;14: 3346. https://doi.org/10.
3390/nul4163346.

Ghanim H, Sia CL, Abuaysheh S, Korzeniewski K, Pat-
naik P, Marumganti A, Chaudhuri A, Dandona P. An
antiinflammatory and reactive oxygen species suppressive
effects of an extract of Polygonum cuspidatum contain-
ing resveratrol. J Clin Endocrinol Metab. 2010;95:E1-8.
https://doi.org/10.1210/jc.2010-0482.

Wang XB, Zhu L, Huang J, Yin YG, Kong XQ, Rong QF,
Shi AW, Cao KIJ. Resveratrol-induced augmentation of
telomerase activity delays senescence of endothelial pro-
genitor cells. Chin Med J (Engl). 2011;124:4310-5.
Timmers S, Konings E, Bilet L, Houtkooper RH, van de
Weijer T, Goossens GH, Hoeks J, van der Krieken S, Ryu
D, Kersten S, Moonen-Kornips E, Hesselink MKC, Kunz
I, Schrauwen-Hinderling VB, Blaak E, Auwerx J, Schrau-
wen P. Calorie restriction-like effects of 30 days of resvera-
trol supplementation on energy metabolism and metabolic
profile in obese humans. Cell Metab. 2011;14:612-22.


https://doi.org/10.12715/har.2015.4.26
https://doi.org/10.3390/biom13111600
https://doi.org/10.1007/s11883-014-0472-7
https://doi.org/10.1371/journal.pone.0193120
https://doi.org/10.1371/journal.pone.0193120
https://doi.org/10.3390/nu14163346
https://doi.org/10.3390/nu14163346
https://doi.org/10.1210/jc.2010-0482

GeroScience

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Hector KL, Lagisz M, Nakagawa S. The effect of res-
veratrol on longevity across species: a meta-analysis. Biol
Lett. 2012;8:790-3.

Baur JA, Pearson KJ, Price NL, Jamieson HA, Lerin C,
Kalra A, Prabhu VYV, Allard JS, Lopez-Lluch G, Lewis
K, Pistell PJ, Poosala S, Becker KG, Boss O, Gwinn D,
Wang M, Ramaswamy S, Fishbein KW, Spencer RG,
Lakatta EG, Le Couteur D, Shaw RJ, Navas P, Puig-
server P, Ingram DK, de Cabo R, Sinclair DA. Resveratrol
improves health and survival of mice on a high-calorie
diet. Nature. 2006;444:337-42.

Li YR, Li S, Lin CC. Effect of resveratrol and pterostil-
bene on aging and longevity. BioFactors. 2018;44:69-82.
Brown VA, Patel KR, Viskaduraki M, Crowell JA, Per-
loff M, Booth TD, Vasilinin G, Sen A, Schinas AM, Pic-
cirilli G, Brown K, Steward WP, Gescher AJ, Brenner DE.
Repeat dose study of the cancer chemopreventive agent
resveratrol in healthy volunteers: safety, pharmacokinet-
ics, and effect on the insulin-like growth factor axis. Can-
cer Res. 2010;70:9003-11.

Walle T, Hsieh F, DeLegge MH, Oatis JE Jr., Walle
UK. High absorption but very low bioavailability
of oral resveratrol in humans. Drug Metab Dispos.
2004;32:1377-82.

Shaito A, Posadino AM, Younes N, Hasan H, Halabi S,
Alhababi D, Al-Mohannadi A, Abdel-Rahman WM, Eid
AH, Nasrallah GK, Pintus G. Potential adverse effects of
resveratrol: a literature review. Int J Mol Sci. 2020;21:
2084. https://doi.org/10.3390/ijms21062084.

Cao X, Liao W, Xia H, Wang S, Sun G. The effect of
resveratrol on blood lipid profile: a dose-response meta-
analysis of randomized controlled trials. Nutrients.
2022;14:3755. https://doi.org/10.3390/nu14183755.
Salvador L, Singaravelu G, Harley CB, Flom P, Suram
A, Raffaele JM. A natural product telomerase activator
lengthens telomeres in humans: a randomized, double
blind, and placebo controlled study. Rejuvenation Res.
2016;19:478-84.

Dow CT, Harley CB. Evaluation of an oral telomerase
activator for early age-related macular degeneration - a
pilot study. Clin Ophthalmol. 2016;10:243-9.

Fernandez ML, Thomas MS, Lemos BS, DiMarco DM,
Missimer A, Melough M, Chun OK, Murillo AG, Aly-
ousef HM, Medina-Vera 1. TA-65, a telomerase activator
improves cardiovascular markers in patients with meta-
bolic syndrome. Curr Pharm Des. 2018;24:1905-11.
Bawamia B, Spray L, Wangsaputra VK, Bennaceur K,
Vahabi S, Stellos K, Kharatikoopaei E, Ogundimu E, Gale
CP, Keavney B, Maier R, Hancock H, Richardson G, Aus-
tin D, Spyridopoulos I. Activation of telomerase by TA-65
enhances immunity and reduces inflammation post myo-
cardial infarction. Geroscience. 2023;45:2689-705.
Singaravelu G, Harley CB, Raffaele JM, Sudhakaran P,
Suram A. Double blind, placebo controlled, randomized

39.

40.

41.

42.

43.

44.

45.

46.

47.

trial demonstrates telomerase activator TA-65 decreases
immunosenescent CD8+CD28- T cells in humans. OBM
Geriatrics. 2021;5:1. https://doi.org/10.21926/obm.geriatr.
2102168.

Chenevier-Gobeaux C, Claessens YE, Voyer S, Desmou-
lins D, Ekindjian OG. Influence of renal function on
N-terminal pro-brain natriuretic peptide (NT-proBNP) in
patients admitted for dyspnoea in the emergency depart-
ment: comparison with brain natriuretic peptide (BNP).
Clin Chim Acta. 2005;361:167-75.

Muscari A, Berzigotti A, Bianchi G, Giannoni C, Liga-
bue A, Magalotti D, Sbano D, Zacchini A, Zoli M. Non-
cardiac determinants of NT-proBNP levels in the elderly:
relevance of haematocrit and hepatic steatosis. Eur J Heart
Fail. 2006;8:468-76.

Lorgis L, Cottin Y, Danchin N, Mock L, Sicard P, Buffet
P, L’huillier I, Richard C, Beer JC, Touzery C, Gambert
P, Zeller M, RICO survey working group. Impact of obe-
sity on the prognostic value of the N-terminal pro-B-type
natriuretic peptide (NT-proBNP) in patients with acute
myocardial infarction. Heart. 2011;97:551-6.

Moraes JC, Ribeiro AC, Saad CG, Lianza AC, Silva CA,
Bonfa E. Nt-proBNP levels may be influenced by inflam-
mation in active ankylosing spondylitis receiving TNF
blockers: a pilot study. Clin Rheumatol. 2013;32:879-83.
Heslinga M, Teunissen C, Agca R, van der Woude D,
Huizinga T, van Laar J, den Broeder A, Lems W, Nurmo-
hamed M. NT-proBNP and sRAGE levels in early rheu-
matoid arthritis. Scand J] Rheumatol. 2023;52:243-9.
Serrano-Ostariz E, Terreros-Blanco JL, Legaz-Arrese A,
George K, Shave R, Bocos-Terraz P, Izquierdo—AlvareZ
S, Bancalero JL, Echavarri JM, Quilez J, Aragonés MT,
Carranza-Garcia LE. The impact of exercise duration and
intensity on the release of cardiac biomarkers. Scand J
Med Sci Sports. 2011;21:244-9.

Kosowski M, Mtynarska K, Chmura J, Kustrzycka-Kra-
tochwil D, Sukiennik-Kujawa M, Todd JA, Jankowska EA,
Banasiak W, Reczuch K, Ponikowski P. Cardiovascular
stress biomarker assessment of middle-aged non-athlete
marathon runners. Eur J Prev Cardiol. 2019;26:318-27.
Stigler SM. Regression towards the mean, historically
considered. Stat Methods Med Res. 1997;6:103-14.
Washburn RA, Smith KW, Jette AM, Janney CA. The
Physical Activity Scale for the Elderly (PASE): develop-
ment and evaluation. J Clin Epidemiol. 1993;46:153-62.

Publisher’s Note Springer Nature remains neutral with regard
to jurisdictional claims in published maps and institutional
affiliations.

@ Springer


https://doi.org/10.3390/ijms21062084
https://doi.org/10.3390/nu14183755
https://doi.org/10.21926/obm.geriatr.2102168
https://doi.org/10.21926/obm.geriatr.2102168

	The proBNPage reduction (PBAR) trial—results of a randomized, double blind, placebo-controlled, pilot study to fine tune an NT-proBNP-based method to assess the effect of anti-aging treatments
	Abstract 
	Introduction
	Methods
	Participants
	Outcome variables
	Safety variables
	Treatments
	Statistical analysis

	Results
	Effect of treatments on proBNPage
	Effect of treatments on secondary outcome variables
	Spontaneous behavior of proBNPage in the combined group A+ C and its subgroups
	Analysis of proBNPage variability
	Safety analysis

	Discussion
	ProBNPage as a method to evaluate the effectiveness of anti-aging treatments
	Coenzyme Q10 + selenium association
	Resveratrol + TA-65 association and hypercholesterolemic effect
	Limitations

	Conclusions
	Acknowledgements 
	References


