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Background
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Long-duration: 4-6 months Exploration-class: 1-3 years

Oxidative Stress
Inflammation
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Oxidative Stress
Inflammation

SOD
Oxidized LDL

Oxidative and Inflammatory Biomarkers

?

cIMTArterial Function
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Purpose and Hypothesis
Purpose:

• To determine if biomarkers of oxidative and inflammatory stress 
are elevated during and after long-duration spaceflight.

• To determine if vascular structure and function, markers that may 
predict future atherosclerotic disease, are altered up to 5 years 
following spaceflight.

Central hypothesis: 
• Biomarkers of oxidative and inflammatory stress will be elevated 

during long-duration spaceflight and will be related to changes in 
longer-term vascular structure and function as assessed by 
carotid intima-media thickness (cIMT) and flow-mediated dilation 
(FMD).
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Study Timeline
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Study Timeline
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Study Timeline
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Subjects (3F, 10M)
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Mean ± SD Range

Age (yr) 46 ± 8 38 - 58

Height (cm) 176 ± 7 165 - 185

Weight (kg) 79.0 ± 11.3 62.2 - 94.6

VO2peak (L/min) 3.25 ± 0.58 2.17 - 4.02

VO2peak (mL/kg/min) 41.5 ± 4.8 32.0 - 47.4

Flight Duration (days) 189 ± 61 126 - 340
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Urine and Blood Biomarkers
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Oxidative Markers Inflammatory Markers
8-hydroxy 2 deoxyguanosine

(8-OH2dG) Cortisol

8-iso-prostaglandin F2α (PGF2α) Fibrinogen

Glutathione (oxidized and reduced) Cytokines (TNF-α, IL-6, etc)

Superoxide dismutase (SOD) hsC-reactive protein

Glutathione peroxidase Total B2 microglobulin

Malondialdehyde Neopterin

Myeloperoxidase Lipoprotein-associated phospholipase (Lp-
PLA2)

Oxidized LDL
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Biomarkers of Oxidative Stress
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Biomarkers of Inflammation
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Cytokines
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Lipid Profile

15

L
- 1

8
0

L
- 6

0

F
D

1
5

F
D

6
0

F
D

1
6

0

R
+

0

R
+

3
0

0

1 0 0

2 0 0

3 0 0

F l i g h t  D a y

T
o

ta
l 

C
h

o
le

s
te

r
o

l 
(m

g
/d

L
)

L
- 1

8
0

L
- 6

0

F
D

1
5

F
D

6
0

F
D

1
6

0

R
+

0

R
+

3
0

0

5 0

1 0 0

1 5 0

F l i g h t  D a y

H
D

L
 (

m
g

/d
L

)

L
- 1

8
0

L
- 6

0

F
D

1
5

F
D

6
0

F
D

1
6

0

R
+

0

R
+

3
0

0

2

4

6

8

F l i g h t  D a y

H
D

L
:T

o
ta

l 
C

h
o

le
s

te
r

o
l 

R
a

ti
o

L
- 1

8
0

L
- 6

0

F
D

1
5

F
D

6
0

F
D

1
6

0

R
+

0

R
+

3
0

0

1 0 0

2 0 0

3 0 0

4 0 0

F l i g h t  D a y

T
r

ig
ly

c
e

r
id

e
s

 (
m

g
/d

L
)

L
- 1

8
0

L
- 6

0

F
D

1
5

F
D

6
0

F
D

1
6

0

R
+

0

R
+

3
0

0

5 0

1 0 0

1 5 0

2 0 0

2 5 0

F l i g h t  D a y

L
D

L
 (

m
g

/d
L

)

L
- 1

8
0

L
- 6

0

F
D

1
5

F
D

6
0

F
D

1
6

0

R
+

0

R
+

3
0

0

1

2

3

4

5

F l i g h t  D a y

H
D

L
:L

D
L

 R
a

ti
o



www.nasa.gov 

Insulin Resistance
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Carotid Artery Structure and Function
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Relation of Biomarkers to Carotid 
Structure and Function
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D Pinc

Systolic Blood Pressure -0.16 -0.32 , 0.00 0.42
Total Cholesterol -0.14 -0.29 , 0.02 0.43

LDL -0.07 -0.22 , 0.07 0.46
hs-CRP 0.28 0.13 , 0.43 0.64

Oxidized LDL -0.22 -0.37 , -0.06 0.39
Systolic Blood Pressure -0.09 -0.23 , 0.04 0.45

Total Cholesterol -0.08 -0.24 , 0.07 0.46
LDL -0.03 -0.16 , 0.10 0.48

hs-CRP 0.25 0.11 , 0.40 0.63
Oxidized LDL -0.10 -0.25 , 0.04 0.45

Systolic Blood Pressure -0.21 -0.42 , 0.00 0.40
Total Cholesterol 0.02 -0.16 , 0.20 0.51

LDL -0.05 -0.26 , 0.16 0.48
hs-CRP -0.17 -0.36 , 0.02 0.42

Oxidized LDL -0.01 -0.30 , 0.28 0.49

95% CI

cIMT

Intima-Media Area

Carotid Distensibility
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Brachial Artery Structure and Function
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Relation of Biomarkers to Vascular Function

20

D Pinc

hs-CRP 0.23 -0.20 , 0.59 0.62
IL-6 0.39 0.01 , 0.67 0.70

8-OHdG -0.13 -0.57 , 0.37 0.44
PGF2α -0.33 -0.62 , 0.03 0.33

Oxidized LDL 0.28 -0.25 , 0.69 0.64
Malondialdehyde -0.15 -0.61 , 0.38 0.42
Protein Carbonyls -0.18 -0.61 , 0.33 0.41

hs-CRP 0.28 -0.29 , 0.71 0.64
IL-6 0.57 -0.12 , 0.89 0.78

8-OHdG 0.04 0.33 , 0.27 0.38
PGF2α -0.38 -0.61 , -0.10 0.31

Oxidized LDL 0.23 -0.29 , 0.65 0.62
Malondialdehyde -0.10 -0.44 , 0.26 0.45
Protein Carbonyls -0.33 -0.62 , 0.04 0.33

Endothelium-
Independent 
Vasodilation

95% CI

Endothelium-Dependent 
Vasodilation
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Conclusions
• Biomarkers of inflammation and oxidative stress are elevated during spaceflight, 

and most returned to preflight values soon after landing.

• Total cholesterol and LDL are elevated during spaceflight but return to preflight 
levels during recovery. Insulin sensitivity tended to decrease during flight and at 
landing, but was not different at R+30.

• cIMT decreased during spaceflight secondary to a dilation of the carotid artery 
but cIMT was not different after landing.

• Carotid distensibility decreased and stiffness increased on R+5, but were similar 
to preflight values at R+365.

• There appear to be no changes in brachial artery function as a result of 
spaceflight.

21
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