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Abstract 

A short average telomere length is associated with low telomerase activity and certain degenerative diseases. 
Studies in animals and with human cells confirm a causal mechanism for cell or tissue dysfunction triggered by 
critically short telomeres, suggesting that telomerase activation may be an approach to health maintenance. 
Previously, we reported on positive immune remodeling in humans taking a commercial health maintenance 
program, PattonProtocol-1, composed of TA-65 (a natural product–derived telomerase activator) and other 
dietary supplements. In over a 5-year period and an estimated 7000 person-years of use, no adverse events or 
effects have been attributed to TA-65 by physicians licensed to sell the product. Here we report on changes 
in metabolic markers measured at baseline (n 97–107 subjects) and every 3–6 months (n 27–59 subjects) 
during the first 12 months of study. Rates of change per year from baseline determined by a multi-level model 
were 3.72 mg/dL for fasting glucose ( p 0.02), 1.32 mIU/mL for insulin ( p 0.01), 13.2 and 11.8 mg/dL 
for total cholesterol and low-density lipoprotein cholesterol (LDL-C) ( p 0.002, p 0.002, respectively), 17.3 
and 4.2 mmHg for systolic and diastolic blood pressure ( p 0.007 and 0.001, respectively), and 3.6 lmole/L 
homocysteine ( p 0.001). In a subset of individuals with bone mineral density (BMD) measured at baseline and 
12 months, density increased 2.0% in the spine ( p 0.003). We conclude that in addition to apparent positive 
immune remodeling, PattonProtocol-1 may improve markers of metabolic, bone, and cardiovascular health. 

Introduction 

Telomeres, the structures that protect the ends of 
our chromosomes, are fascinating components of our 

genome. They are complex, dynamic structures composed of 
DNA, RNA, and protein that play a key role in aging and 
age-related disease, including cancer. 1–4 At a biochemical 
level, telomeres protect chromosome ends from degradation 
or recombination events and facilitate faithful segregation of 
chromosomes during cell division. Early work over 20 years 
ago showed that the average length of human telomeres in 
normal somatic (non-tumor, non-germ line) cells is a mea-
sure of the remaining replicative capacity of those cells5,6 and 
that short telomeres are associated with disease, including 
cardiovascular disease, cancer, human immunodeficiency 
virus/acquired immunodeficiency syndrome (HIV/AIDS), 
and Down syndrome.6–11 Telomere length in general be-
comes shorter with each cell division, until one or more 

telomeres become critically short, triggering cell senescence, 
loss of normal cell function, genomic instability, and possibly 
cell death or tumor initiation.12–16

Telomerase, the enzyme that synthesizes telomeric 
DNA,17 can slow or even reverse telomere shortening in 
normal human cells in culture18,19 and contribute to slowing 
or reversal of degenerative, age-related disease in ani-
mals.14,20–22 In almost all large-scale cross-sectional studies in 
humans, telomere length is inversely correlated with chro-
nological age; but with the recent interest in longitudinal 
tracking of telomere length in humans, evidence for possible 
telomere lengthening within an individual is emerging.23–31

Because telomere length can vary within different cell line-
ages, average telomere length is a function of the distribution 
of different cell types and their telomere lengths at any given 
time. Thus, for complex tissues, one cannot easily distinguish 
between true telomere length changes versus a shift over 
time in subsets of cells in the sampled tissue(s). 
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In the late 1990s, we (Harley and colleagues at Geron 
Corporation and the Hong Kong University of Science and 
Technology) conducted a screening program for telomerase 
activators, which led to the discovery that certain small-
molecule components of Huang Xi, a traditional Chinese 
medicine reputed to maintain health, were activators of tel-
omerase.1,22,32–34 Definitive pharmacodynamic studies and 
randomized, placebo-controlled studies with these molecules 
in humans have not been completed, but the majority of 
studies to date have suggested that they modestly activate 
telomerase and/or help maintain telomere length in vitro and 
in vivo, and that they have positive functional effects on 
human cells. In addition, a number of recent studies have 
suggested that telomerase activation in mice with shortened 
telomeres and signs of engrained age-related disease can be 
rescued in part through telomerase activation without signs 
of increased global cancer risk.14,20–22 Thus, telomerase acti-
vation is gaining support as a potential treatment or pre-
vention of degenerative diseases using drugs and for health 
maintenance using dietary supplements. 

In our first analysis of PattonProtocol-1, a commercial 
health maintenance program composed of TA-65 (a natural 
product–derived telomerase activator), other dietary sup-
plements, and physician counseling, we reported positive 
immune remodeling over a 1-year period relative to baseline 
values.1 These changes included significant declines in se-
nescent cytotoxic (CD8 + /CD28 ) T cells, particularly in cy-
tomegalovirus (CMV)- seropositive subjects. In addition, we 
found that TA-65 alone increased telomerase in human cells 
in culture. In aged mice with shortened telomeres, TA-65 
reduced the percentage of cells with short telomeres and 
improved the structure of multiple tissues.22 A recent study 
on the association between telomere length and experimen-
tally induced upper respiratory track viral infection in heal-
thy adults35 underscored the predictive value of short 

telomeres for viral infections and clinical illness, especially 
when telomere length was measured in CD8 + /CD28 cells.

Here we report on observed changes from baseline in 
metabolic and cardiovascular markers, including bone min-
eral density, from the same set of subjects consuming TA-65 
for a 1-year period. 

Methods 

PattonProtocol-1 

PattonProtocol-1 was launched in January, 2007, by TA 
Sciences (New York, NY) as a commercial age-management 
product composed of a natural product-derived telomerase 
activator (TA-65 , described below), a dietary supplement 
pack, laboratory testing, and physician counseling. Further 
details are found in Harley et al.1 All subjects signed a 
comprehensive Customer Acknowledgement Form. Baseline 
assays (Table 1) indicated that most individuals were within 
the normal ranges (data not shown). The consulting physi-
cian prescribed new medications for only 3 subjects. There 
was no qualitative change in the overall conclusions whether 
these subjects were included or excluded from the analyses. 
The number of subjects at 3, 6, 9, and 12 months for most 
tests was 43, 59, 27, and 37, respectively. The age and gender 
frequencies of the subset at each time-point were similar to 
those of the total baseline population (n 114; 63 12 years, 
72% male). 

TA-65 

TA-65 was exclusively licensed from Geron Corporation 
(Menlo Park, CA) to TA Sciences (New York, NY). It is a 
single-molecule entity with 95% purity by high-performance 
liquid chromatography (HPLC) derived from a proprietary 
extract of the dried root of Astragalus membranaceus. All data 

Table 1. Cross-Sectional Baseline Values for Metabolic and Cardiovascular 
Biomarkers and Relationship to Age 

Age 
(year) 

Glucose 
(mg/dL) 

Serum Insulin 
(lIU/mL) 

DHEA Sulfate 
(lg/dL) 

Cholesterol 
(Total) (mg/dL) 

Cholesterol (LDL) 
(mg/dL) 

Mean 62.5 97 7.1 148 188 106 
SD 12.5 15 7.0 131 38 34 
n 114 107 107 106 105 104 
m a NA 0.33 0.025 2.6 0.29 0.37 
R2 NA 0.08 0.002 0.06 0.01 0.02 
p value NA 0.0046b 0.64 0.011 0.32 0.16 

SBP 
(mmHg) 

DBP 
(mmHg) 

Homo-cysteine 
(lmol/L) 

Serum Folate 
(ng/mL) 

Vitamin 
D-25-OH total (ng/mL)

Vitamin B12 
(pg/mL) 

Mean 128 77 11 17 40 786 
SD 19 10 3.6 5.8 16 409 
N 97 97 107 105 107 105 
m 0.51 0.018 0.066 0.12 0.11 6.1 
R2 0.108 0.000 0.05 0.065 0.007 0.036 
p value 0.0010 0.83 0.016 0.0086 0.38 0.053 

The mean, standard deviation, and linear regression statistics for test values vs. age are provided for all baseline subjects (n number). 
aSlope (m) of the linear regression line of test value versus age of subjects. 
b p value for significance of the regression line slope. p values less than 0.05 are shaded. 
DHEA, dehydroepiandrosterone; LDL, low-density lipoprotein; SD, standard deviation; NA, not applicable; SBP, systolic blood pressure; 

DBP, diastolic blood pressure. 
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in this report are from the original TA-65 product. Post 2011, 
the purity of the manufactured product has improved from 
roughly 95% to > 98%. 

Clinical laboratory assays 

At baseline and each time point after initiation of the 
product, blood samples were drawn from each subject (for 
plasma or serum assays) and shipped the same day at am-
bient temperature to appropriate commercial, academic, or 
contract laboratories. Assays for standard blood counts, 
blood chemistry (including glucose, insulin, hemoglobin 
A1c, and serum vitamins), specialized immune subsets 
(CD8 + , CD28 , and CD95 , both gated on CD8 + ), CMV 
antibody titer, and inflammation markers (homocysteine and 
cardio C-reactive protein) were all conducted at a standard 
clinical laboratory (either Quest Diagnostics, Bio-Reference 
Laboratory, or UCLA Clinical Laboratories and Pathology 
Services). Data related to the immune markers have been 
reported previously.1 

Bone mineral density 

Bone mineral density (BMD) was analyzed at baseline and 
at 12 months on the first available 31 subjects at PhysioAge 
Medical Group (New York, NY) to reach the 12-month time 
point. Full anteroposterior (AP) spine L1–L4 and dual 
proximal femur (neck, trochanter, and dual mean) bone 
density data were generated using a dual-energy X-ray ab-
sorptiometry (DEXA) instrument (GE Healthcare). 

Statistics 

Because data were collected primarily as a hypothesis-
generating exercise and the clients were not participating 
in a controlled clinical study, statistical analysis was not 
formally defined a priori. Baseline data were primarily 
analyzed for cross-sectional donor age effects to compare 
results with the PattonProtocol-1 population. Where sig-
nificance of linear regression lines is reported for cross-
sectional analysis, the F-distribution was used to calculate 
the probability that the observed correlation occurred by 
chance and p values are reported. Modeling of the 1-year 
change in values used a multilevel or mixed model with 
random intercepts and slopes. Each person had an indi-
vidual starting point and an individual slope for change 
over time on treatment. For each dependent variable, we 
first graphed the data, looking for outliers and for points 
that indicated the presence of disease. Erroneous data 
entries were corrected, as were entries indicating either a 
failure to follow protocol (e.g., glucose over 125 or insulin 
over 20 indicating non-fasting). Systolic blood pressure 
(SBP) over 160 or diastolic blood pressure (DBP) over 100 
was taken to indicate hypertension. These relatively high 
cutoffs for SBP and DBP were chosen so as not to exclude 
those individuals with possible metabolic syndrome but 
not currently carrying a diagnosis of hypertension or on 
anti-hypertensive medication. Graphs were examined for 
non-linear trends, and multi-level models were used to 
account for dependence in the data. For each dependent 
variable, we tested a relatively full model that included 
fixed effects of time, time squared, baseline age, sex, telo-
mere length, and CD8 + CD28 T cells using unstructured 

co-variance.  Time, age, and  sex were kept in  all  models.  
Other variables were eliminated if the parameter estimate 
was close to 0 and the p value above 0.10. The initial model 
included random effects for intercept, slope, and slope 
squared. The random effect of slope squared was deleted if 
the fixed effect for time squared was deleted. The resultant 
model was tested with three different covariance struc-
tures, unstructured, compound symmetry, and auto-re-
gressive, and the choice made was based on the Akaike 
information criterion (AIC). 

Results and Discussion 

Key baseline observations 

Most subjects for this study were relatively affluent indi-
viduals motivated to maintain personal health, and thus may 
not reflect the general population. Table 1 shows mean val-
ues, standard deviations, count, slope, and R2 from linear 
regression on subject age, and the statistical significance of 
the slope for the baseline tests investigated in this report. As 
expected, this population showed a statistically significant 
increase as a function of client age in fasting blood glucose 
(0.33 mg/dL/year), SBP (0.51 mmHg/year), and homo-
cysteine (0.066 lmol/L/year), and a significant decrease in 
dehydroepiandrosterone (DHEA) sulfate ( 2.6 lg/dL/ 
year). The increase in serum folate (0.12 ng/mL per year) was 
unexpected but may reflect the relatively greater use of folic 
acid–containing multivitamins in older compared to younger 
subjects prior to starting the protocol. 

As described previously,1 by cross-sectional analysis, 
telomere length declined in a characteristic manner in this 
population as a function of client age in both lymphocytes 
and granulocytes (55 and 34 bp/year; p 10 15 and 10 8 , 
respectively). 

Changes from baseline while on PattonProtocol-1 

The baseline analysis confirmed that test data from TA 
Sciences subjects were similar to those reported in other el-
derly groups and provided a benchmark36 against which we 
could plot relative changes with time on the PattonProtocol-1. 
As discussed earlier, it is important to note that we cannot 
determine the contribution of any single component of the 
PattonProtocol-1 to the observed changes. Changes from 
baseline that are unusual in comparison to other dietary 
supplement studies could be due to TA-65 and its effects on 
telomeres, but it is also possible that placebo effects or the 
unique combination of ingredients in the TA Sciences dietary 
supplement pack also play a role. Medical/lifestyle ques-
tionnaires at baseline and after the 12-month period for each 
client were used to record changes in medications, diet or 
exercise while on the PattonProtocol-1. No clients reported 
significant changes in diet or exercise, but where clients re-
ported a change in drug therapy, the test results that the 
physician felt could be significantly impacted by the medi-
cation change were excluded from the analysis. Because this 
study did not have a control group, seasonal effects could 
also be a factor, but as the 114 clients studied here were 
enrolled over a 2.5-year period, it is unlikely that seasonal 
effects influenced the observed changes from baseline. With 
these caveats in mind, we summarize the most interesting 
findings below. 
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Observed changes from baseline: Blood sugar, 
cholesterol, blood pressure, inflammatory markers, 
vitamin levels, and BMD 

Fasting glucose and insulin levels both declined with time 
in clients on the PattonProtocol-1 (at a rate of 3.72 mg/dL 
and 1.32 mIU/mL per year, respectively; Table 2). De-
creases of this magnitude for fasting glucose are significant 
relative to the mean baseline values and the donor-age de-
pendent change per year in the baseline population (98 mg/dL 
and + 0.34 mg/dL per year, respectively, from Table 2). In 
the general population, Sehl et al.36 reports 0.5–1.5 mg/dL 
per year increase in fasting glucose. On a relative basis, 
PattonProtocol-1 apparently reversed *11 years of mean 
increase in fasting glucose. The concomitant reduction in 
fasting glucose and insulin is indicative of an improvement 
in insulin sensitivity. Shorter leukocyte telomere length has 
been associated with insulin resistance, oxidative stress, and 
metabolic syndrome.37–39 It is possible that the combination 
of anti-oxidants and increased telomerase activation im-
proved insulin sensitivity in our subjects, although the exact 
mechanism is unknown. 

Total cholesterol and low-density lipoprotein cholesterol 
(LDL-C) also decreased significantly. At 12 months, the 
13.2 mg/dL and 11.8 mg/dL decreases in total cholesterol 
and LDL-C, respectively, were statistically significant 
( p 0.002 for both) and large compared to the small decrease 
associated with client age in this population ( 0.29 mg/dL 
per year and 0.37 mg/dL per year, respectively). Choles-
terol generally increases with age, 40 possibly due to reduced 
clearance of LDL from circulation and reduction in conver-
sion of cholesterol to bile acids, but some studies have sug-
gested a flat profile with aging or even a reduction in total 
cholesterol with age attributed to poor health.41 Because the 
baseline average total cholesterol in the PattonProtocol-1 
clients was borderline high (mean 188 mg/dL, Table 2), we 
consider the declines of *10 mg/dL in total cholesterol and 
LDL-C to be beneficial because it is comparable to what has 
been achieved in successful diet and exercise programs. 42

The mechanism of the reduction in cholesterol is unclear, but 
given that no subjects reported changes in their exercise or 
dietary habits, it is possible that increased telomerase acti-
vation from the PattonProtocol-1 contributed. A small study 
demonstrated that increased telomerase activity in periph-
eral blood mononuclear cells (PBMCs) is significantly asso-
ciated with a decrease in LDL-C.43

SBP and DBP declined 17.8 mmHg and 4.2 mmHg, re-
spectively, over the 1-year period (Table 2). In the baseline 
population, DBP was relatively flat but SBP increased 
0.51 mmHg/year (Table 2), comparable to that seen in other 
studies,44 suggesting that the PattonProtocol-1 may have 
reversed > 30 years of increase in SBP. The decrease in SBP is 
comparable to first-line therapy with diuretics, which confer 
a significant reduction in cardiovascular events. Using the 
Framingham 10-year CVD event calculator, these reductions 
would cause a 25% reduction in 10-year risk for males (from 
8% to 6%). Mechanisms are difficult to determine given the 
observational nature of the study, but telomere attrition has 
been associated with higher blood pressure and increased 
aldosterone production,45 which in turn can increase oxida-
tive stress and blood pressure by reducing nitric oxide pro-
duction. If the reduction in percentage of short telomeres and 
senescent cytotoxic T cells we reported previously also re-
sulted in decreased inflammatory cytokines (such as tumor 
necrosis factor-a (TNF-a) and interleukin-6 (IL-6), this pro-
cess could have been reversed in our cohort and could ex-
plain the reduction in blood pressure. This reversal of 
inflammation along with increased telomerase activation 
could rescue pre-senescent endothelial cells and increase the 
production of nitric oxide, which could reduce SBP. The 
supplement packs could also have contributed. 

The changes we observed could not continue year after 
year. To explore whether the slope of observed trends is 
constant regardless of the starting level of the dependent 
variable, we generated sub-group spline graphs. Figure 1A 
shows a graph of fasting glucose levels over time. Levels of 
glucose at baseline were divided into three groups: Low 
(below 88 mg/dL), high (above 102 mg/dL), and middle (the 
middle 50%). Splines were fit to each group. The overall 
trend was for those in the highest group to have relatively 
large declines, those in the mid-range smaller declines, and 
those in the lowest group a slight increase. Figure 1B is 
similar for insulin, except here groups were set based on 
medical expertise: High (above 10 mg/dL), low (below 
5 mg/dL), and middle and patterns were similar to those 
for glucose. These patterns suggest an improvement in in-
sulin sensitivity. Insulin resistance is a cardinal element of 
the metabolic syndrome and thought to be a result of in-
creased inflammation, which the PattonProtocol-1 might 
have reduced. From a clinical standpoint, this pattern of ef-
fectiveness is similar to metformin, a first-line therapy for 
pre-diabetes. 

Table 2. Multi-Level Analysis of Variance 

Dependent variable Intercept Time on program (year) Baseline age (year) Female 

Glucose 84.32 ( < 0.001) 3.72 (0.02) 0.18 (0.01) 3.03 (0.15) 
Insulin 3.94 (0.07) 1.32 (0.01) 0.04 (0.18) 1.68 (0.07) 
Total cholesterol 196.89 ( < 0.001) 13.2 (0.002) 0.23 (0.49) 7.59 (0.44) 
LDL-C 123.49 ( < 0.001) 11.8 (0.002) 0.32 (0.27) 1.52 (0.86) 
SBP 114.62 ( < 0.001) 17.3 (0.007) 0.23 (0.06) 10.05 (0.005) 
DBP 85.59 ( < 0.001 4.2 (0.001) 0.11 (0.26) 4.84 (0.08) 
Homocysteine 8.97 ( < 0.001) 3.6 ( < 0.001) 0.04 (0.10) 0.94 (0.21) 
Vitamin B12 382.56 (0.09) 72.4 (0.27) 6.88 (0.04) 35.90 (0.71) 
Vitamin D 27.2 ( < 0.001) 17.6 (0.008) 0.21 (0.06) 4.83 (0.13) 

Shown are the parameter estimates and (p-values) from the model as described in the Methods section. 
LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure. 
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FIG. 1. Spline graphs based on the multi-level model, representing the change over time (baseline to 12 months) for fasting 
glucose (A), serum insulin (B), low-density lipoprotein cholesterol (LDL-C) (C), and systolic blood pressure (D). In each 
panel, dots represent subjects on PattonProtocol-1. To avoid over-plotting of symbols, a small amount of random noise (jitter) 
was added to each plot. Subjects with low, mid, and high baseline values are colored green, blue, and red, respectively. The 
cut-off values for these subgroups are given in the text. The shaded regions around each spline represent the 95% confidence 
intervals. 
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FIG. 1. (Continued). 
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The same pattern is demonstrated by the spline graphs for 
LDL-C (Fig. 1C) and SBP (Fig. 1D). The cholesterol groups 
were divided by the treatment categories defined by the 
National Cholesterol Education Program: Low ( < 100 mg/ 
dL), middle (100–130), and high > 130), and the SBP groups 
were tertiles, where high was above 138 mmHg, low below 
120 mmHg, and middle 120–138 mmHg. The moderating 
trends show biomarker improvements in those that need it, 
with little or no change in those within the normal biomarker 
range. The moderating trend for SBP fits with the mecha-
nisms of SBP reduction discussed above in which a dys-
functional endothelium (in those with higher baseline SBP) is 
repaired, rather than a direct anti-hypertensive effect, which 
could result in hypotension. One might see these moderating 
trends as regression to the mean, but the decreasing variance 
over time that is evident from all four of the spline graphs 
argues against this. 

Homocysteine and C-reactive protein (CRP) are signifi-
cant markers of inflammation and are associated with ar-
terial dysfunction and cardiovascular disease risk.16,46

We observed significant reductions in both homocysteine 
(Table 2) and CRP (not shown) while clients were on 
the PattonProtocol-1, but for CRP, a number of individuals 
had acute spikes in CRP, possibly related to infections, 
which confounded the analysis. The 3.6-lmol/mL decrease 
in homocysteine in clients on the Protocol ( p £ 0.001) is 
dramatic compared to the general increase with age 
(0.066 lmol/mL per year). It is likely that folate and vita-
mins B12 and B6 in the supplement packs played a role in 
the decline in homocysteine, but a number of individuals 
who were taking potent supplement packs before initiation 
of the protocol also showed reductions in homocysteine, 
including some subjects whose folate levels actually de-
creased (data not shown). It is also possible that other 
components of the Protocol reduced inflammatory response 
and improved health through elongation of short telomeres 
and remodeling of the immune system. If reduction in in-
flammation and cardiovascular risk could be achieved 
through PattonProtocol-1 without high levels of folate 
found in some dietary supplement programs, this would be 
beneficial because supra-physiological levels of folate could 
be detrimental.47,48

Finally, bone mineral density was measured at baseline 
and 12 months in an essentially random subset of individuals 
(n 31). Of the 31 subjects, 26 were either not on hormone 
therapy or made no change in hormone therapy during the 
1-year period. The remaining five subjects who changed
therapy were excluded from the analysis. Of the 26 analyzed
subjects, one had osteoporosis and four others had varying

degrees of osteopenia. In the overall group, there was a 2.0% 
increase in AP spine L1–L4 BMD ( p 0.003) (Table 3). This is 
as large an increase in BMD as seen in a 3-year study of 
calcium and vitamin D therapy in comparable subjects 
without osteoporosis49 and certainly contrasts with the ex-
pected *0.5% decrease per year. There were no significant 
changes in hip BMD (data not shown). Moreover, because 
the average baseline vitamin D levels were well into the 
normal range, it is less likely that the approximately 20% 
increase in vitamin D contributed significantly to the BMD 
increase. A plausible alternative explanation for this im-
provement in BMD could be related to the emerging un-
derstanding of the relationship among hyperlipidemia, T 
cells, and bone density.50 The reduction in senescent sup-
pressor cells that we previously reported1 combined with the 
reduction in LDL-C could decrease the number of activated T 
cells in the bone marrow and thereby reduce activated 
RankL and other inflammatory cytokines. This would reduce 
osteoclast activity and potentially explain the improved bone 
density. 

Discussion and Conclusions 

This study adds to the observations from 2011 that 
PattonProtocol-1, containing conventional supplements 
plus TA-65, a small-molecule telomerase activator, has a 
positive impact on biomarkers of aging or age-related 
disease. The initial observational study of roughly 50 
subjects on product1 focused on results from independent 
diagnostic laboratory testing of immunological markers 
over a 1-year period, while here we focus on similar lab-
oratory testing of metabolic biomarkers and bone mineral 
density in the same cohort over the same 1-year period. 
We found reductions in fasting blood sugar, insulin, cho-
lesterol, blood pressure, and homocysteine, and increases 
in bone mineral density, all considered positive health 
changes. These data suggest that PattonProtocol-1 (TA-65 
in combination with other supplements and physician 
counseling) improves health and may reduce risk of 
morbidity and mortality. 

The major limitation of these observational studies is that 
they are not randomized, placebo-controlled trials with de-
fined dosing of TA-65. Such a study is in progress, but the 
observation that TA-65 was primarily beneficial to CMV-
positive humans who were ‘‘blind’’ to their CMV status,1 and 
that TA-65 had positive effects when given to aged telo-
merase-positive but not telomerase-negative mice,51 suggests 
that TA-65 is an active molecule that should be investigated 
further. 

Table 3. Bone Mineral Density (L1–L4) 

All subjects (n 26) Males (n 21) Females (n 5) 

Baseline 1.239 0.186 1.2720 0.171 1.101 0.202 
12 Months 1.263 0.202 1.298 0.192 1.118 0.198 
Absolute change + 0.025 0.275 + 0.026 0.257 + 0.017 0.283
Relative change 2.0% 2.1% 1.5% 
p value 0.0034 0.0070 0.3271 

Bone mineral density (g/cm3) data are reported for 26 evaluable subjects (individuals who changed hormone therapy during the 12-month 
period were excluded). p values less than 0.05 are shaded. Average age of males at baseline was 64.9 12.0 and that of females was 58.3 5.1. 
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Because telomerase may extend the life span of relatively 
rare pre-malignant cells that otherwise might die due to 
critical shortening of telomeres, it is possible that a telo-
merase activator could increase cancer risk in some indi-
viduals. However, prevention of critical shortening of 
telomeres in multiple tissues throughout an aging human by 
telomerase activation could be a net tumor suppressive 
mechanism by reducing genomic instability and maintaining 
health of normal tissues. Much larger controlled studies will 
be needed to assess the potential risk and benefits of TA-65 in 
humans. 

Subjects taking TA-65 or any dietary supplement should 
consult their doctor and carefully consider the product’s 
potential risks and benefits. There had been approximately 
260 person-years of TA-65 dosing, mainly in the 5–50 mg/ 
day range through June, 2010, with no reports of new di-
agnoses of cardiovascular disease or cancer. This represented 
age-adjusted incidence rates significantly below the average 
US rates for CVD and cancer. As of June, 2013, there are now 
an estimated 7000 + person-years of TA-65 exposure at an 
average 50-mg TA-65 dose equivalence. Disease and mor-
tality were not formally tracked, but TA Sciences reports few 
if any adverse events, and no cases of adverse events being 
attributed to TA-65 by the subjects’ doctors. In the overall (all 
ages) US population, 7000 person years of life would entail 
about 30 new diagnoses each for cancer and CVD, and about 
60 deaths, based on data from the Centers for Disease Con-
trol and Prevention. Because of lack of matching demo-
graphics for the study population, as well as lack of exact 
disease and mortality data, we cannot make a reliable com-
parison of incidence rates in the study population versus the 
general population, but the data to date do not point to in-
creased risk of morbidity or mortality in subjects taking TA-
65. In conclusion, TA-65, a moderate telomerase activator, is 
a novel dietary supplement that may enhance one’s health 
span.

Acknowledgments 

We thank Dr. Russ Kerschmann and Dr. Lennart Olsson 
for critical review of the manuscript. 

Author Disclosure Statement 

C.B.H. is one of the inventors of TA-65, is a paid consul-
tant to TA Sciences, and is the Chief Scientific Officer of 
Telome Health, Inc., which has a license arrangement with 
TA Sciences. C.B.H. owns stock and stock options in Telome 
Health. W.L. is an employee of TA Sciences. J.M.R. offers TA-
65 in his office and is on TA Sciences Scientific Advisory 
Board. P.L.F. declares no conflicts of interest. 

References 

393 

https://www.revgenetics.com/recent-ta-65-studies/


20. Jaskelioff M, Muller FL, Paik JH, Thomas E, Jiang S, Adams
AC, Sahin E, Kost-Alimova M, Protopopov A, Cadinanos J,
et al. Telomerase reactivation reverses tissue degeneration in
aged telomerase-deficient mice. Nature 2011;469:102–106.

21. Bernardes de Jesus B, Vera E, Schneeberger K, Tejera
AM, Ayuso E, Bosch F, Blasco MA. Telomerase gene
therapy in adult and old mice delays aging and increases
longevity without increasing cancer. EMBO Mol Med
2012;4:691–704.

22. Bernardes de Jesus BB, Schneeberger K, Vera E, Tejera, A,
Harley CB, Blasco MA. The telomerase activator TA-65
elongates short telomeres and increases health span of
adult/old mice without increasing cancer incidence. Aging
Cell 2011;10:604–621.

23. Svenson U, Nordfjall K, Baird D, Roger L, Osterman P,
Hellenius ML, Roos G. Blood cell telomere length is a dy-
namic feature. PloS One 2011;6:e21485.

24. Epel ES, Merkin SS, Cawthon R, Blackburn EH, Adler NE,
Pletcher MJ, Seeman TE. The rate of leukocyte telomere
shortening predicts mortality from cardiovascular disease in
elderly men. Aging 2009;1:81–88.

25. Jacobs TL, Epel ES, Lin J, Blackburn EH, Wolkowitz OM,
Bridwell DA, Zanesco AP, Aichele SR, Sahdra BK, MacLean
KA, et al. Intensive meditation training, immune cell telo-
merase activity, and psychological mediators. Psychoneur-
oendocrinology 2011;36:664–681.

26. Farzaneh-Far R, Lin J, Epel ES, Harris WS, Blackburn EH,
Whooley MA. Association of marine omega-3 fatty acid
levels with telomeric aging in patients with coronary heart
disease. JAMA 2010;303:250–257.

27. Kiecolt-Glaser JK, Epel ES, Belury MA, Andridge R, Lin J,
Glaser R, Malarkey WB, Hwang BS, Blackburn E. Omega-3
fatty acids, oxidative stress, and leukocyte telomere length:
A randomized controlled trial. Brain Behav Immun 2013;
28:16–24.

28. Ho RT, Chan JS, Wang CW, Lau BW, So KF, Yuen LP,
Sham JS, Chan CL. A randomized controlled trial of qi-
gong exercise on fatigue symptoms, functioning, and
telomerase activity in persons with chronic fatigue or
chronic fatigue syndrome. Ann Behav Med 2012;44:160–
170.

29. Wolkowitz OM, Mellon SH, Epel ES, Lin J, Reus VI, Rosser
R, Burke H, Compagnone M, Nelson JC, Dhabhar FS, et al.
Resting leukocyte telomerase activity is elevated in major
depression and predicts treatment response. Mol Psychiatry
2012;17:164–172.

30. Lavretsky H, Epel ES, Siddarth P, Nazarian N, Cyr NS,
Khalsa DS, Lin J, Blackburn E, Irwin MR. A pilot study of
yogic meditation for family dementia caregivers with de-
pressive symptoms: Effects on mental health, cognition,
and telomerase activity. Int J Geriatr Psychiatry 2013;28:
57–65.

31. Epel E. How ‘‘reversible’’ is telomeric aging? Cancer Prev
Res 2012;5:1163–1168.

32. Fauce SR, Jamieson BD, Chin AC, Mitsuyasu RT, Parish ST,
Ng HL, Kitchen CM, Yang OO, Harley CB, Effros RB. Tel-
omerase-based pharmacologic enhancement of antiviral
function of human CD8 + T lymphocytes. J Immunol 2008;
181:7400–7406.

33. Yung LY, Lam WS, Ho MK, Hu Y, Ip FC, Pang H, Chin AC,
Harley CB, Ip NY, Wong YH. Astragaloside IV and cy-
cloastragenol stimulate the phosphorylation of extracellular
signal-regulated protein kinase in multiple cell types. Planta
Medica 2012;78:115–121.

34. Zhu J, Lee S, Ho MK, Hu Y, Pang H, Ip FC, Chin AC, Harley
CB, Ip NY, Wong YH. In vitro intestinal absorption and first-
pass intestinal and hepatic metabolism of cycloastragenol, a
potent small molecule telomerase activator. Drug Metab
Pharmacokinet 2010;25:477–486.

35. Cohen S, Janicki-Deverts D, Turner RB, Casselbrant ML,
Li-Korotky HS, Epel ES, Doyle WJ. Association between
telomere length and experimentally induced upper respi-
ratory viral infection in healthy adults. JAMA 2013;309:
699–705.

36. Sehl ME, Yates FE. Kinetics of human aging: I. Rates of
senescence between ages 30 and 70 years in healthy
people. J Gerontol A Biol Sci Med Sci 2001;56:B198–
B208.

37. Sahin E, Colla S, Liesa M, Moslehi J, Muller FL, Guo M,
Cooper M, Kotton D, Fabian AJ, Walkey C, et al. Telomere
dysfunction induces metabolic and mitochondrial compro-
mise. Nature 2011;470:359–365.

38. Haendeler J, Drose S, Buchner N, Jakob S, Altschmied J, Goy
C, Spyridopoulos I, Zeiher AM, Brandt U, Dimmeler S.
Mitochondrial telomerase reverse transcriptase binds to and
protects mitochondrial DNA and function from damage.
Arterioscler Thromb Vasc Biol 2009;29:929–935.

39. Rentoukas E, Tsarouhas K, Kaplanis I, Korou E, Nikolaou M,
Marathonitis G, Kokkinou S, Haliassos A, Mamalaki A,
Kouretas D, et al. Connection between telomerase activity in
PBMC and markers of inflammation and endothelial dys-
function in patients with metabolic syndrome. PloS One
2012;7:e35739.

40. Berns MA, de Vries JH, Katan MB. Determinants of the in-
crease of serum cholesterol with age: a longitudinal study.
Int J Epidemiol 1988;17:789–796.

41. Volpato S, Zuliani G, Guralnik JM, Palmieri E, Fellin R. The
inverse association between age and cholesterol level among
older patients: The role of poor health status. Gerontology
2001;47:36–45.

42. Kelley GA, Kelley KS, Roberts S, Haskell W. Comparison of
aerobic exercise, diet or both on lipids and lipoproteins in
adults: A meta-analysis of randomized controlled trials. Clin
Nutr 2012;31:156–167.

43. Ornish D, Lin J, Daubenmier J, Weidner G, Epel E, Kemp C,
Magbanua MJ, Marlin R, Yglecias L, Carroll PR, et al. In-
creased telomerase activity and comprehensive lifestyle
changes: a pilot study. The Lancet Oncol 2008;9:1048–1057.

44. Franklin SS., Gustin WT, Wong ND, Larson MG, Weber MA,
Kannel WB, Levy D. Hemodynamic patterns of age-related
changes in blood pressure. The Framingham Heart Study.
Circulation 1997;96:308–315.

45. Benetos A, Gardner JP, Kimura M, Labat C, Nzietchueng R,
Dousset B, Zannad F, Lacolley P, Aviv A. Aldosterone and
telomere length in white blood cells. J Gerontol A, Biol Sci
Med Sci 2005;60:1593–1596.

46. Graham IM, O’Callaghan P. Vitamins, homocysteine and
cardiovascular risk. Cardiovasc Drugs Ther 2002;16:383–389.

47. Ulrich CM, Potter JD. Folate supplementation: Too much of
a good thing? Cancer Epidemiol Biomarkers Prev 2006;15:
189–193.

48. Sauer J, Mason JB, Choi SW. Too much folate: A risk factor
for cancer and cardiovascular disease? Curr Opin Clin Nutr
Metabol Care 2009;12:30–36.

49. Dawson-Hughes B, Harris SS, Krall EA, Dallal GE. Effect of
calcium and vitamin D supplementation on bone density in
men and women 65 years of age or older. N Engl J Med
1997;337:670–676.

394 HARLEY ET AL. 



50. Graham LS, Tintut Y, Parhami F, Kitchen CM, Ivanov Y,
Tetradis S, Effros RB. Bone density and hyperlipidemia: The
T-lymphocyte connection. J Bone Min Res 2010;25:2460–
2469.

51. Bernardes de Jesus B, Schneeberger K, Vera E, Tejera A,
Harley CB, Blasco MA. The telomerase activator TA-65
elongates short telomeres and increases health span of
adult/old mice without increasing cancer incidence. Aging
Cell 2011;10:604–621.

Address correspondence to: 
Calvin B. Harley 

1177 Sandalwood Drive 
Murphys, CA 95247 

E-mail: charley@telomehealth.com

Received: March 19, 2013 
Accepted: June 29, 2013 

A TELOMERASE ACTIVATOR IN HEALTH MAINTENANCE 395 

View publication statsView publication stats 

https://www.researchgate.net/publication/243964624



