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Dear Editor,

According to the Einstein’s special theory of relativity in physics, the twin para-
dox, which explores the concept of time dilation, is a thought experiment involving
identical twins. One of the twins’ journeys into space in a high-speed spacecraft and
returns to Earth to find that the twin who stayed at home has aged more than the twin
who made the high-speed journey in space. This seemingly contradictory result can
be explained by the fact that time passes more slowly for an object in motion than for
one at rest, a consequence of Einstein’s theory of special relativity. Thus, the passage
of time is relative to the observer’s frame of reference and is affected by their relative
motion.

This Paradox has been a popular topic of discussion and exploration in scientific
and popular culture since Einstein first proposed it in 1905. In recent years, NASA
has conducted a unique experiment involving twin astronauts Mark and Scott Kelly,
with Scott spending a year aboard the International Space Station (ISS) while Mark
remained on Earth. The NASA twin study was a research project conducted by NASA
to investigate the effects of spaceflight on the human body, including the comparison
of physiological changes in two identical twins, one of whom went into space while
the other stayed on Earth. The study also involved time dilation and special relativity
to some extent, as the twin who traveled to the ISS did experience that time passed
slower for him due to his high-speed relative to the twin on Earth.

The time dilation Scott Kelly experienced during his 1-year space journey, relative
to his twin brother Mark Kelly on Earth, can be estimated. According to special rela-
tivity, time dilation occurs when an object is moving at high speeds relative to another
object or is in a strong gravitational field.

During Scott Kelly’s 1-year stay on the International Space Station, he traveled
at an average speed of ~17,500 miles per hour (mph) (~28,150 kilometers per hour)
relative to the Earth. This high speed causes a noticeable time dilation effect, where
time appears to slow down for Scott relative to Mark on Earth.

Scott Kelly’s mission was a year-long mission, which began on March 27, 2015,
and ended on March 1, 2016. During this mission, Kelly spent 340 consecutive days
in space aboard the ISS, setting a record for the longest single spaceflight by an
American astronaut. There have been other astronauts who have spent about one year
in space. One example is Russian cosmonaut Valery Polyakov, who holds the record
for the longest continuous stay in space by any human (having spent 437 days in
space in 1994-1995). Other astronauts who have spent close to a year in space include
Russian cosmonaut Sergei Krikalev (who spent 311 days in space in 1992-1993 and
803 days over six spaceflights in total) and NASA astronaut Peggy Whitson (who
spent 289 days in space in 2016-2017 and a total of 665 days over three spaceflights).

The time dilation effect can be calculated using the formula: ’:%

where ¢ is the time elapsed for Scott in space, #, is the time elapsed for Mark on
Earth, c is the speed of light in vacuum, and v is the relative speed between the twins.
Using this formula and assuming an average speed of 17,500 mph for Scott dur-
ing his year in space, we can estimate that Scott experienced a time dilation of about
-2.9x107 seconds per day he spent in space. This means that over the course of his
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year-long mission, Scott experienced a total time dilation of approximately 0.01 seconds (-2.9x10- seconds per
dayx340 days=-9.9x107 seconds, or roughly 0.01 seconds). Hence, while the time dilation effect was very small, it
is still measurable. However, it is not likely that this very small-time dilation can have important implications for
space travel and future missions to more distant parts of our solar system.

However, one of the key findings of the NASA Twins Study was that Scott Kelly experienced changes in his
DNA, e.g., telomere elongation, that were not observed in his twin brother, providing significant insights into the
effects of space travel on human health. The changes of telomere length in space are not unexpected. They might be
a form of adaptive response to key space stressors such as radiation.

Regarding the NASA Twin Study, we have previously reported that the elongation of telomeres may be ascribed
to a well-established biological adaptive response to the space environment [1]. Interestingly, some studies show
that neither the inhabitants of high background radiation areas of Ramsar, Iran [2] nor Kerala, India [3] show telo-
mere length alterations, while the NASA Twin Study [4] clearly represents a significant change that may be related
to the presence of high linear energy transfer (LET) relativistic particles in space. Although protons are relatively
known as low-LET particles, high charge and energy (HZE) particles have high energies and high Linear Energy
Transfer (LET) values [5]. Therefore, despite the low abundance, HZE particles traversing a cell nucleus induce
almost irreparable DNA damages because of a very high rate of energy deposition in living cells [6].

In their e-letter published in Science, Mortazavi et al. raise some concerns about the NASA Twins Study, which
analyzed the biological effects of a year-long spaceflight on a male astronaut compared to his monozygotic twin
[7]. The authors of the e-letter suggest that the study did not fully address the potential impact of space radiation,
particularly HZE particles, on telomere length and telomerase activity. They also raise the possibility that telomere
elongation during space flight could be an adaptive response to the space environment but also increase the risk of
cancer of an astronaut in long-term missions [8]. Additionally, they suggest that the study could provide insight into
the difference between low-dose exposures to low- vs. high-LET radiation.
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