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Correspondence, 
With Telomeres, the specialized DNA protective structures (caps) on 

the ends of chromosomes, protect the integrity of information-carrying 
DNA during successive cellular divisions by preventing base pair loss 
of chromosomal DNA. In other words, telomeres help prevent genome 
instability. Telomere shortening that occurs as a result of cellular repli-
cation over time, decreases the telomere length until the telomere be-
comes too short for the cell to divide, leading to a permanent cell cycle 
arrest known as replicative senescence [1, 2]. Telomeres are normally 
shortened after each cellular division but in some cells their length is 
restored by telomerase, an RNA-containing reverse transcriptase en-
zyme (human telomerase reverse transcriptase or hTERT). Telomere 
maintenance plays a key role in continuous proliferation of cells that 
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ABSTRACT
There is a growing interest in examining alterations in telomere length as a reliable 
biomarker of general health, as well as a marker for predicting later morbidity and 
mortality. Substantial evidence shows that telomere length is associated with aging; 
telomere shortening acts as a “counting mechanism” that drives replicative senes-
cence by limiting the mitotic potential of normal (but not malignant) cells. In this 
Correspondence, we attempt to answer the question of why recently published papers 
about telomere length alterations increase our uncertainty rather than reduce it. This 
discussion includes three major research areas regarding telomere length: environ-
mental stressors, aging, and life span. Our review suggests that activation of telom-
erase activity due to stressors in space might be a double-edged sword with both 
favorable and unfavorable consequences. The selection of an effect’s consequence 
must clearly elucidate the experimental conditions as well as associated stressors. In 
this Correspondence, we attempt to answer the question of why recently published 
papers about telomere length alterations increase our uncertainty rather than reduce 
it. The selection of an effect’s consequence must clearly elucidate the experimental 
conditions as well as associated stressors. Both positive and negative consequences 
must be clearly addressed in order to bolster the conclusions, as well as identify 
future research directions.
Citation: Bevelacqua JJ, Welsh J, Mortazavi SAR, Keshavarz M, Mortazavi SMJ. Space Medicine: Why Do Recently Published Papers about Telomere 
Length Alterations Increase our Uncertainty Rather than Reduce it? J Biomed Phys Eng. 2021;11(1):103-108. doi: 10.31661/jbpe.v0i0.2005-1115.

Keywords
Telomere; Aging; Lifespan; Stressors; Environment; Adaptive Response; 
Radiation; Space 

http://orcid.org/0000-0001-9561-8767
https://orcid.org/0000-0003-0139-2774
https://doi.org/10.31661/jbpe.v0i0.2005-1115


J Biomed Phys Eng 2021; 11(1)

Bevelacqua J. J. et al
are mitotically active [3]. Today, there is a 
growing interest in examining alterations in 
telomere length as a reliable biomarker of gen-
eral health, as well as a marker for predicting 
later morbidity and mortality [4]. Substantial 
evidence shows that telomere length is associ-
ated with aging; telomere shortening acts as a 
“counting mechanism” that drives replicative 
senescence by limiting the mitotic potential of 
normal (but not malignant) cells. Moreover, 
an association between constitutive telomere 
length and cancer as well as several other dis-
orders is shown in epidemiological studies [5]. 
It has even been reported that the individual 
differences in telomere length can be linked to 
individual differences in human behavior [6]. 
However, contribution of telomere length to 
neurological disorders still remains controver-
sial [7]. Short telomeres can be linked to car-
diovascular disease, at least in part through in-
sulin-mediated pathways [8]. Besides genetic 
factors, some studies show that environmental 
stressors can also affect telomere length dur-
ing growth and development [5]. Danese and 
Lippi in their report entitled “Telomere length: 
is the future in our “ends”?” state that “Albeit 
it is now undeniable that our future is largely 
in our “hands” (i.e., genotype, diet, exposure to 
environmental factors and so forth), larger and 
more solid evidence will be necessary before 
concluding that the future is also written in our 
(chromosome) “ends”.”[9]. A study conducted 
on 113 clean-up workers of Chornobyl nuclear 
power plant (NPP) accident showed a trend 
towards reducing the relative telomere length 
in clean-up workers who suffer from COPD 
and exposed to doses ranged 100 to 500 mSv 
and above 500 mSv. In this study, the dose in 
clean-up workers ranged from 1.0 to 880 mSv 
(330.4 ± 317.7 (M ± SD)) [10]. 

In this Correspondence, we try to answer 
the question of why recently published papers 
about telomeres length alterations increase our 
uncertainty rather than reduce it. Our discus-
sion includes three major fields regarding telo-
mere length: environmental stressors, aging, 

and life span.

A. Telomere Length and Space Envi-
ronmental Stressors

Garrett-Bakelman et al., in their paper “The 
NASA Twins Study: A multidimensional 
analysis of a year-long human spaceflight” 
published recently in Science [11] addressed 
the physiological, telomeric, transcriptomic, 
epigenetic, proteomic, metabolomic, immune, 
microbiomic, cardiovascular, vision-related, 
and cognitive effects of a 340-day mission 
onboard the International Space Station (ISS) 
in a male astronaut (Scott Kelly) compared to 
those of his monozygotic twin (Mark Kelly). 
This study showed that the majority of the bio-
logical and human health variables remained 
stable, or returned to baseline, after a year-
long human spaceflight. However, persis-
tence of certain molecular changes (e.g., gene 
expression) should be taken into account for 
planning future longer missions (>1 year). 

Despite its undeniable strengths, the authors 
have not properly addressed the following is-
sues:

1. The authors highlighted the effects of met-
abolic and nutritional status, physical activity, 
and weight loss on telomere length of the as-
tronauts. However, space radiation (particu-
larly high atomic number, high energy (HZE) 
particles) play an important role in telomere 
length changes. A key question about the elon-
gation of Scott Kelly’s telomeres during space 
flight is whether we can interpret it as a posi-
tive (adaptive) response to multiple changes 
in the environment (e.g. higher levels of ra-
diation, microgravity, and spacecraft electro-
magnetic fields and atmosphere)? The issue of 
adaptive response in space mission and its im-
portance as an efficient method of biological 
protection dates back to 2003 [12]. Different 
aspects of this issue are well-discussed in our 
recent publications [13, 14]. At first glance, it 
can be hypothesized that this response is en-
tirely a protective adaptive response (e.g. akin 
to constriction of our pupils when we move 
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from a dim place to a much brighter environ-
ment). However, although stem and progeni-
tor cells express telomerase, telomerase ex-
pression is generally silent in most somatic 
cells. In contrast, the elongation of telomeres 
by telomerase activity is a phenomenon which 
makes malignant cells immortal and is a hall-
mark of cancer [15]. In fact, although some 
cancer cells do not express telomerase, cell 
line immortality and telomerase activity is 
observed in about 90% of human cancer cell 
lines. Some studies suggest that all humans 
harbor malignant cells, but as long as they 
have an active immune system, these cells do 
not proliferate uncontrolably and there is no 
overt clinical cancer. This can be considered 
the “equilibrium” phase of the immunoediting 
hypothesis [16]. Moreover, telomerase inhibi-
tion has been introduced as a promising strat-
egy for cancer treatment. Therefore, activation 
of telomerase activity due to stressors in space 
might be a double-edged sword with both fa-
vorable and unfavorable consequences.

2. The NASA Twin study findings might 
show subtle difference between exposure to 
low- and high-LET radiation. While neither 
the residents of high background radiation ar-
eas (HBRAs) of Ramsar, Iran [17] nor Kerala, 
India [18] exhibit telomere length alterations, 
the Twin Study clearly did document a signifi-
cant change. It is worth noting that the short-
comings of the Ramsar study have already 
been addressed by Bevelacqua et al, [19]. 
While both space and certain HBRAs expose 
people to high-LET radiation, the different im-
pacts on telomere lengths imply that other fac-
tors are also at work that we might not under-
stand or have complete awareness. Different 
energy spectra of the particles, as well as the 
presence of heavy ions such as iron, oxygen, 
and carbon may also be involved in this dif-
ference. 

3. Translocations are among several stable 
chromosome aberrations which persist many 
years after exposure. However, the paper by 
Garrett-Bakelman et al. [11] shows that the 

frequency of translocations decreased post-
flight either in HR (i.e., the Flight Subject) 
or TW (i.e., the Ground Subject). Inversions 
are another form of stable chromosomal aber-
rations and post-flight decreased inversion in 
HR twin is not justified. These changes may 
be due to large variations of the collected data. 
Given this consideration, these findings should 
be interpreted with caution.

4. The NASA conclusions are based on a 
340-day mission to the ISS. Drawing definitive 
conclusions regarding longer duration space 
missions (e.g., a nominal 920 d Mars mission) 
must recognize that this difference affects the 
total delivered dose to the astronauts. Even if 
the background radiation from galactic cosmic 
radiation (GCR) and solar particle event (SPE) 
source terms remains constant, the difference 
in radiation shielding characteristics of the 
ISS and Mars mission vehicle [20] add addi-
tional differences that require consideration 
before extrapolating any ISS radiobiological 
conclusions to longer duration space missions. 
Moreover, the ISS is somewhat protected by 
the Earth’s geomagnetic field, but this shield-
ing is insignificant during the space mission 
outside the low-Earth orbit environment. In 
addition, the Martian magnetic field is signifi-
cantly smaller in magnitude than Earth’s geo-
magnetic field.

B. Telomere Length and Aging
Muñoz-Lorente et al., in their paper entitled 

“Mice with hyper-long telomeres show less 
metabolic aging and longer lifespans” that 
was published in Nature Communications 
Journal [21] reported that hyper-long telomere 
mice showed less DNA damage with aging. 
Moreover, these laboratory animals were lean 
and had lower levels of cholesterol and LDL, 
improved tolerance of glucose and insulin as 
well as less incidence of cancer and an in-
creased longevity. Given these considerations, 
Muñoz-Lorente et al., concluded that not only 
longer than normal telomeres in a given spe-
cies are not deleterious, but they are linked to 
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some beneficial effects. 
Welsh et al., have recently reviewed the 

findings of “The NASA Twins Study” that ad-
dressed the biological effects including telo-
mere length changes of a 340-day mission on-
board the International Space Station (ISS) in 
Scott Kelly, a male NASA astronaut compared 
to those in his monozygotic twin [22-24]. 
They also reviewed recent findings regarding 
the lack of telomere length alterations in the 
residents of high background radiation areas 
of Ramsar, Iran [17] and Kerala, India [18]. In 
their studies, Welsh et al., came to this conclu-
sion that at least in some situations, elonga-
tion of telomeres is only a natural, protective 
adaptive response. Furthermore, as telomerase 
activity is a hallmark of cancer which grants 
immortality to malignant cells, they conclud-
ed that telomerase activity along with immune 
system dysregulation can increase the risk of 
cancer. Therefore, the reader of the paper au-
thored by Miguel A. Muñoz-Lorente et al., 
should be aware of this key point that telo-
mere elongation can be a response to a wide 
variety of stressors including radiation and 
microgravity. In particular, this commentary 
illustrates that a basic omission of Ref. 1 is the 
potential negative effects of telomere elonga-
tion. We believe that a better understanding 
of this “other side of the coin” is required for 
a better evaluation of the importance of telo-
mere length alterations.

C. Telomere Length and Life Span
Arbeev et al., in their paper entitled “Asso-

ciation of Leukocyte Telomere Length With 
Mortality Among Adult Participants in 3 
Longitudinal Studies” that was published in 
JAMA Network Open [25] attempted to an-
swer the question whether leukocyte telomere 
length is associated with the natural life span 
of contemporary humans? This cohort study 
included 3259 adults of European ancestry. 
The results of their study showed that Leu-
kocyte telomere length (LTL) was associated 
with a natural life span limit in contemporary 

humans. Despite its strengths, this paper has 
some shortcomings as follows:

1. The NASA twin study showed that telo-
mere length is dynamic and can be changed as 
a simple response to environmental stressors. 
Given this consideration, the authors should 
have studied the occupational and residen-
tial stressors (e.g. exposure to UV, radon, and 
genotoxic chemical agents).

2. Studies performed on the residents of 
HBRAs either in Ramsar or Kerala shows that 
a low-level stressor such as elevated natural 
radiation doesn’t cause telomere length chang-
es. However, multiple stressors or high level 
stressors, such as those faced by astronauts in 
a deep space mission, can change the telomere 
length.

3. In the paper published in JAMA, it’s puz-
zling that telomere length only affected non-
cancer mortality. This is exactly what the 
authors claim “Leukocyte telomere length–as-
sociated mortality from noncancer causes in-
creased as participants aged, approaching their 
age at death”. However, the paper by Garrett-
Bakelman [11] shows that at age 50, telomere 
length can increase the Hazard Ratio of cancer 
from 0.8 to 1.2. This paper reveals that at ages 
60, 70 and 80 cancer risk increased exponen-
tially. 

Another omission comes from ignoring key 
factors other than telomere length that affect 
lifespan. In 2005 Halaschek-Wiener et al., 
reported that they successfully identified lon-
gevity-associated genes in a long-lived Cae-
norhabditis elegans daf-2 (insulin/IGF recep-
tor) mutant. Their study showed that reduction 
of daf-2 signaling in daf-2 mutant worms could 
double the mean lifespan [26]. More recently, 
Zullo et al., in a paper published in Nature, re-
ported a conserved mechanism of ageing that 
is mediated by neural circuit activity and regu-
lated by a protein called REST, which controls 
the expression of numerous genes involved in 
neural firing [27]. 

This Correspondence illustrates the impor-
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tance of considering all aspects of a presumed 
observation and its consequences. In the case 
of telomere length changes, both positive and 
negative effects are possible. The selection of 
an effect’s consequence must clearly elucidate 
the experimental conditions as well as asso-
ciated stressors. Both positive and negative 
consequences must be clearly addressed in or-
der to properly characterize the conclusions as 
well as identify future investigations.
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