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Introduction: Widespread cerebral hypometabolism occurs in 

multiple sclerosis (MS) which can result in cognitive 

dysfunction. The purpose of this study was to determine the 

effects of a 7-day water aerobics exercise intervention on the 

cerebral hyperemic response to a cognitive task in individuals 

with MS. 

Methods: Thirty-one individuals diagnosed with MS were 

assigned to an exercise group (N = 17) or a control group (N = 

14). For 7 days, the control group maintained normal activity, 

while the exercise group participated in water aerobic exercise. 

Oxygenated hemoglobin (O2Hb) was measured using near-

infrared spectroscopy at rest and during a cognitive task prior 

to and after the 7 day period.  

Results: For the exercise group, there was no significant 

difference between O2Hb from rest to cognition at pre-testing 

(t(16) = -1.91, p = 0.07), however O2Hb significantly increased 

from rest during cognition at post-testing (t(16) = -2.30, p = 

0.04). For the control group, O2Hb significantly increased from 

rest during cognition at pre-testing (t(13) = -2.51, p = 0.03), but 

not at post-testing (t(13) = -1.6, p = 0.13). 

Conclusions: Water aerobics exercise could be a useful therapy 

for improving the cerebral perfusion in individuals with MS. 
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Introduction 

Cerebral blood flow and perfusion are often impaired in individuals with multiple 

sclerosis (MS)1-3. Cerebral hypoperfusion in MS is associated with cognitive 

dysfunction, lesion formation, axon degeneration, and fatigue4. Therefore, 

restoring cerebral blood flow and oxygen metabolism may offer a therapeutic 

target for those with MS. 

 

In addition to the well-known health benefits of exercise, considerable evidence 

indicates that exercise improves many symptoms of MS5-10. Furthermore, greater 

physical activity in individuals with MS is related to increased energy, social 
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functioning, mental and physical health11. Exercise increases cerebral blood flow 

and oxygen metabolism12, and has also been suggested to have a prophylactic 

influence on cerebral impairments occurring in MS13. For example, exercise has 

been shown to lead to moderate-to-large increases in prefrontal cortex oxygenated 

hemoglobin (O2Hb), deoxygenated hemoglobin (HHb), and total hemoglobin 

(tHb)12, and higher levels of fitness have been associated with preserved gray 

matter volume in individuals with MS13.  

 

However, many individuals with MS experience exercise related 

thermoregulatory disturbances and are sensitive to increases in body 

temperature14. This heat sensitivity is a result of nerve demyelination, a 

consequence of the disease, and it is highly correlated with fatigue, pain, and 

decreased concentration15. Because heat conductance occurs 25 times faster in the 

water than in the air, individuals with MS tolerate water aerobics exercise with a 

lower occurrence of adverse effects16,17. However, no studies have yet determined 

the effects of water aerobic exercise on the cerebral hyperemic response to a 

cognitive task in individuals with MS. Therefore, the purpose of this study was to 

determine the effects of 7 consecutive days of water aerobics exercise intervention 

on the cerebral hyperemic response to a cognitive function test in individuals with 

MS. It was hypothesized that the cerebral hyperemic response to a cognitive 

function test would improve in individuals with MS following 7 consecutive days 

of water aerobics exercise.  

 

Methods 

Participants 

Thirty-one individuals diagnosed with MS were recruited. Inclusion criteria 

included neurologist diagnosis of MS, English-speaking, with age over 18 years. 

Exclusion criteria included current MS symptom exacerbation, females who were 

pregnant or trying to get pregnant, history of non-MS related neurological 

disorder or injury, past or current history of severe psychiatric illness, alcohol or 

drug abuse, learning disorder or developmental disability, or sensory function 

precluding cognitive testing.   

 

Protocol 

All procedures were approved by the Institutional Review Board of Kent State 

University and participants provided written consent. Physician confirmation of 

diagnosis and approval for exercise was obtained for all participants. First, 

participants visited the laboratory where they completed the Multiple Sclerosis 

Functional Composite (MSFC) to determine their level of disability. In brief, the 

MSFC contains a test of walking speed, arm dexterity, and cognitive function, and 

is expressed as a single score on a continuous scale18. Participants were then quasi-

randomly assigned to either an exercise group (N = 17) or non-exercise group (N 

= 14), and familiarized with the N-back test (1-Back, 2-Back, Brain Workshop 

version 4.8.4)19. Participants rested in the seated position for 8 minutes while 

study investigators continuously measured cerebral hyperemia using near-

infrared spectroscopy (NIRS, specifications listed below). Oxygenated 

hemoglobin, HHb, and tHb were averaged over the last minute of rest to calculate 

resting O2Hb, HHb, and tHb.  Following baseline assessment, participants 

performed the N-back. With regards to the intervention, the exercise group 

performed 7 consecutive days of hour-long aquatic exercise under the supervision 

of a certified exercise physiologist and certified water aerobics instructor, while 

those assigned to non-exercise maintained their current lifestyle. Both groups 

returned to the laboratory for post-testing within 48 hours following these 7 days.  

 

NIRS Measurements 
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Near-infrared spectroscopy (OxymonMkIII, Artinis Medical Systems, 

Netherlands) was used to measure concentration changes of oxygenated 

hemoglobin (O2Hb), deoxygenated hemoglobin (HHb) and total hemoglobin 

(tHb). The NIRS probe was placed on the midline of the right pre-frontal cortex 

of participants, 1 cm above the supraorbital ridge20, and an ACE bandage was 

wrapped around the participant’s forehead as well as the NIRS probe to block 

ambient light.  Data were acquired at a sampling frequency of 10 Hz and for 

analysis down sampled to obtain 1 data point every 5 seconds.  During data 

collection O2Hb, HHb, and tHb concentration changes were displayed in real 

time.  

 

N-back Test 

The N-back test was used as a tool for stimulating cerebral hyperemia (1-Back 

and 2-Back, Brain Workshop version 4.8.4)19. Participants first performed the 1-

back, then the 2-back, each lasting approximately 3 minutes. The average O2Hb, 

HHb, and tHb throughout the last minute of the 1-back were averaged with the 

average O2Hb, HHb, and tHb throughout the last minute of the 2-back, 

respectively, to calculate O2Hb, HHb, and tHb during cognition. The N-back was 

used as a cerebral hyperemic stimulus for the purposes of this study, therefore test 

performance scores were not recorded.  

 

Exercise Protocol 

Water aerobics exercise took place between 8:00-9:00 AM at the university 

recreation center. The water temperature of the pool was 84º. Exercise began with 

a 5 minute warm-up consisting of walking and stretching in the water. The warm 

up was followed by 40 minutes of water aerobics exercise, consisting of eight 4-

minute intervals, with each interval separated by a one minute rest period. 

Intervals 1 and 5 focused on upper body strength training using the resistance of 

the water to complete shoulder lateral raises, chest flyes, bicep curls, and triceps 

extensions. Intervals 2, 4, 6, and 8 consisted of structured walking at different 

speeds (up to jogging) with intermittent changes in direction. Intervals 3 and 7 

concentrated on lower body movements, such as hip abduction and adduction and 

hip flexion and extension, as well as some slightly more complex movements to 

mimic speed skating, making a figure 8 and performing jumping jacks. Exercise 

concluded with a 5 minute cool-down consisting of walking and stretching in the 

water.  

 

Statistical Analysis  

A one-way ANOVA was used to compare differences between age, education, 

duration of disease, and level of disability between the control and exercise 

groups. For both groups, paired samples t-tests were used to determine significant 

differences between O2Hb, HHb and tHb from rest to cognition before and after 

the intervention (IBM SPSS Statistics 24). Statistical significance was set at p < 

0.05.   

 

Results  

Participant Demographics 

Thirty-one individuals diagnosed with MS completed the study. Seventeen 

individuals were allocated to the exercise group, and fourteen to the non-exercise 

group. A one-way ANOVA revealed no significant differences in age (F(1,29) = 

0.002, p = 0.97) education (F(1,29) = 2.08, p = 0.16), duration of disease (F(1,29) 

= 0.29, p = 0.59),  and level of disability (F(1,24) = 0.06, p = 0.81) between the 

groups (Table 1).  

 

Oxygenated Hemoglobin 



2018, Volume 1 (Issue 3) OPEN ACCESS 

Journal of Exercise and Nutrition 

Paired samples t-tests revealed that for the exercise group, there was no significant 

difference in O2Hb from rest to cognition at pre-testing (t(16) = -1.91, p = 0.07), 

however O2Hb significantly increased during cognition from rest at post-testing 

(t(16) = -2.30, p = 0.04). For the control group, O2Hb significantly increased 

during cognition from rest at pre-testing (t(13) = -2.51, p = 0.03), but there was 

no significant difference in O2Hb from rest to cognition at post-testing (t(13) = -

1.6, p = 0.13) (Table 2). 

 

Deoxygenated Hemoglobin 

Paired samples t-tests revealed that for the exercise group, there were no 

significant differences in HHb from rest and cognition at pre-testing (t(16) = 2.09, 

p = 0.05) and post-testing (t(16) = 0.96, p = 0.35). For the control group, there 

were also no significant differences in HHb from rest and cognition at pre-testing 

(t(13) = 0.26, p = 0.80) and post-testing (t(13) = 0.92, p = 0.38) (Table 2). 

 

Total Hemoglobin 

Paired samples t-tests revealed that for the exercise group, there was no significant 

difference in tHb between rest and cognition at pre-testing (t(16) = -1.12, p = 0.28) 

and post-testing (t(16) = -1.66, p = 0.12). For the control group, there was no 

significant difference in tHb from rest to cognition at pre-testing (t(13) = -1.03, p 

= 0.13), but there was a significant difference in tHb from rest to cognition at post-

testing (t(13) = -2.38, p = 0.03) (Table 2). 

 

Table 1. Summary of participant and group characteristics. 

     

  

Variable 
Total Sample 

(N = 31) 

(Mean ± SD) 

Exercise 

(N = 17) 

(Mean ± SD) 

Control 

(N = 14) 

(Mean ± SD) 

Sig. 

 

Type of MS:     

Relapsing Remitting 26 15 11  

Secondary Progressive 2 0 2  

Primary Progressive 2 1 1  

Primary Relapsing 1 1 0  

Race:     

Caucasian 25 14 11  

Hispanic/Latino 1 0 1  

African American 5 3 2  

Gender (female, male) (28,3) (15,2) (13,1)  

Age (years) 48.77 ± 2.49 48.71 ± 9.58 48.86 ± 9.91 p = 0.97 

Education (total years) 15.02 ± 2.11 14.44 ± 2.11 15.71 ± 2.81 p = 0.16 

Diagnosis (years since) 11.42 ± 8.50 12.18 ± 9.71 10.50 ± 7.01 p = 0.59 

MSFC (a.u.) -0.06 ± 0.53 -0.09 ± 0.57 -0.04 ± 0.51 p = 0.81 

Note: Multiple Sclerosis Functional Composite (MSFC) 

 

Table 2.  Differences in O2Hb, HHb, and tHb from rest to cognition for each 

group pre-intervention and post-intervention. 

     

 

Variable 
Exercise 

(N = 17) 

(Mean ± SD) 

Control 

(N = 14) 

(Mean ± SD) 
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Pre-test 

 

Post-test Pre-test Post-test 

Δ O2Hb 1.07 + 2.30 1.12 + 2.05* 1.62 + 2.42* 

 

0.96 +  2.24 

Δ HHb -0.45 + 0.89 -0.19 + 0.82 1.30 + 1.42 -0.22 + 0.91 

Δ tHb 0.62 + 2.29 

 

0.93 + 2.32 -0.11+ 0.69 0.74 + 2.69* 

*Significant increase from rest to cognition. 

 

Discussion 

This study examined the effects of 7 days of water aerobic exercise on the cerebral 

hyperemic response to a cognitive function test in individuals with MS. It was 

hypothesized that this response would improve from pre-testing to post-testing for 

the exercise group, but not for the control group. Prior to the exercise intervention, 

O2Hb did not increase during the cognitive stimulus, however following the week 

of exercise O2Hb did increase from rest to cognition. In contrast, the control group 

demonstrated significant increases in O2Hb from rest to cognition during their 

initial test, but not during their follow up test.   

 

Neural activation is coupled with increased regional cerebral blood flow, and it is 

widely accepted that the degree of increase in regional cerebral blood flow 

exceeds that of the increase in regional cerebral oxygen metabolic rate21. 

Therefore the cerebral hyperemic response to cognitive activation is thought to be 

increased oxygenated and total hemoglobin22,23, where the change in total 

hemoglobin reflects the change in blood volume and is correlated with the change 

in blood flow24. Following exercise, this response improved for the exercise group 

(increased ΔO2Hb) and worsened for the control group (decreased ΔO2Hb). This 

suggests an improved cerebral hyperemic response to the cognitive function test 

occurred in the exercise group following the intervention, and a reduced cerebral 

hyperemic response to the cognitive function test occurred in the control group. 

These results agree with previous studies suggesting that exercise increases 

prefrontal cortex O2Hb and tHb in healthy individuals12, and others suggesting 

that exercise may improve neurogenesis and cerebral impairments in MS13,25.  

 

For both groups, no significant differences were observed in HHb from rest to 

cognition at pre-testing and post-testing. This was interesting, because a normal 

cerebral hyperemic response to cognitive activation is thought to be decreased 

HHb23,26. However, the magnitude of this response has been shown to be reduced 

in the elderly compared to the young23, and it is possible that an absence of 

decreased HHb during brain activation in our participants with MS may be a result 

of aging23, reduced cortical microvascular oxygenation27 or intracranial venous 

congestion associated with chronic cerebrospinal venous insufficiency28.  It is also 

possible that because O2Hb concentration exceeds metabolic demand upon 

neuronal activation, O2Hb affords a better NIRS signal than HHb, and it is 

therefore more sensitive at detecting differences in activation29. These 

interpretations are speculative, as the best method for differentially interpreting 

changes in O2Hb relative to changes in HHb is currently unclear29.  

 

Cerebral perfusion is often impaired in individuals with MS1-3, and many 

individuals with MS experience thermoregulatory disturbances and are sensitive 

to exercise induced increases in body temperature14. In the present study, 7 days 

of water aerobic exercise increased the cerebral hyperemic response to a cognitive 

function test in individuals with MS, suggesting that just 7 consecutive days of 

water aerobics exercise may improve cerebral perfusion in those with MS, and 
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supporting literature indicating that individuals with MS tolerate water aerobics 

exercise well16,17.  

 

Limitations and Conclusions 

A limitation to this study is that accuracy of cognitive test performance was not 

formally assessed. This was because the cognitive test was only used as a stimulus 

for eliciting a cerebral hyperemic response. Although a researcher remained with 

participants throughout to ensure that they were attending to and putting forth 

effort, we cannot determine degree of effort or ensure that it was equal across 

participants in an objective, standardized manner. A second limitation is the quasi-

randomization of groups; however the groups did not differ in age, education, 

duration of disease, and level of disability. Lastly, our NIRS system includes only 

one optode, which allowed us to measure cerebral perfusion in only one location. 

Overall, water aerobics exercise could be a useful therapy for improving the 

cerebral hyperemic response to cognition in individuals with MS. Future research 

is required utilizing a cognitive test with better measurements of performance 

accuracy to determine more specifically how cerebral perfusion may be 

influenced by exercise in those with MS. 

 

Media-Friendly Summary 

Individuals with multiple sclerosis (MS) may experience abnormal brain blood 

flow which can result in impaired thinking ability. This study showed that 7 days 

of water aerobics exercise may improve brain blood flow in individuals with MS.  

 

References 

 

1. Sun X, Tanaka M, Kondo S, Okamoto K, Hirai S. Clinical significance 

of reduced cerebral metabolism in multiple sclerosis: a combined PET 

and MRI study. Annals of nuclear medicine. Apr 1998;12(2):89-94. 

2. Bakshi R, Miletich RS, Kinkel PR, Emmet ML, Kinkel WR. High-

resolution fluorodeoxyglucose positron emission tomography shows 

both global and regional cerebral hypometabolism in multiple sclerosis. 

Journal of neuroimaging : official journal of the American Society of 

Neuroimaging. Oct 1998;8(4):228-234. 

3. Ge Y, Zohrabian VM, Osa EO, et al. Diminished visibility of cerebral 

venous vasculature in multiple sclerosis by susceptibility-weighted 

imaging at 3.0 Tesla. Journal of magnetic resonance imaging : JMRI. 

May 2009;29(5):1190-1194. 

4. D'Haeseleer M, Hostenbach S, Peeters I, et al. Cerebral hypoperfusion: 

a new pathophysiologic concept in multiple sclerosis? Journal of 

cerebral blood flow and metabolism : official journal of the International 

Society of Cerebral Blood Flow and Metabolism. Sep 2015;35(9):1406-

1410. 

5. Mattioli F, Bellomi F, Stampatori C, et al. Two Years Follow up of 

Domain Specific Cognitive Training in Relapsing Remitting Multiple 

Sclerosis: A Randomized Clinical Trial. Frontiers in behavioral 

neuroscience. 2016;10:28. 

6. Ensari I, Sandroff BM, Motl RW. Effects of Single Bouts of Walking 

Exercise and Yoga on Acute Mood Symptoms in People with Multiple 

Sclerosis. International journal of MS care. Jan-Feb 2016;18(1):1-8. 

7. Motl RW, Sandroff BM. Benefits of Exercise Training in Multiple 

Sclerosis. Current neurology and neuroscience reports. Sep 

2015;15(9):62. 

8. Giesser BS. Exercise in the management of persons with multiple 

sclerosis. Therapeutic advances in neurological disorders. May 

2015;8(3):123-130. 



2018, Volume 1 (Issue 3) OPEN ACCESS 

Journal of Exercise and Nutrition 

9. Briken S, Gold SM, Patra S, et al. Effects of exercise on fitness and 

cognition in progressive MS: a randomized, controlled pilot trial. 

Multiple sclerosis. Mar 2014;20(3):382-390. 

10. Sangelaji B, Estebsari F, Nabavi SM, Jamshidi E, Morsali D, 

Dastoorpoor M. The effect of exercise therapy on cognitive functions in 

multiple sclerosis patients: A pilot study. Medical journal of the Islamic 

Republic of Iran. 2015;29:205. 

11. Marck CH, Hadgkiss EJ, Weiland TJ, van der Meer DM, Pereira NG, 

Jelinek GA. Physical activity and associated levels of disability and 

quality of life in people with multiple sclerosis: a large international 

survey. BMC neurology. 2014;14:143. 

12. Rooks CR, Thom NJ, McCully KK, Dishman RK. Effects of incremental 

exercise on cerebral oxygenation measured by near-infrared 

spectroscopy: a systematic review. Progress in neurobiology. Oct 

2010;92(2):134-150. 

13. Prakash RS, Snook EM, Motl RW, Kramer AF. Aerobic fitness is 

associated with gray matter volume and white matter integrity in 

multiple sclerosis. Brain research. Jun 23 2010;1341:41-51. 

14. Tan CT. The hot bath test among Malaysian multiple sclerosis patients. 

The Medical journal of Malaysia. Mar 1994;49(1):68-73. 

15. Flensner G, Ek AC, Soderhamn O, Landtblom AM. Sensitivity to heat 

in MS patients: a factor strongly influencing symptomology--an 

explorative survey. BMC neurology. 2011;11:27. 

16. Frohman AN, Okuda DT, Beh S, et al. Aquatic training in MS: 

neurotherapeutic impact upon quality of life. Annals of clinical and 

translational neurology. Aug 2015;2(8):864-872. 

17. Kargarfard M, Etemadifar M, Baker P, Mehrabi M, Hayatbakhsh R. 

Effect of Aquatic Exercise Training on Fatigue and Health-Related 

Quality of Life in Patients With Multiple Sclerosis. Archives of physical 

medicine and rehabilitation. Oct 2012;93(10):1701-1708. 

18. Cutter GR, Baier ML, Rudick RA, et al. Development of a multiple 

sclerosis functional composite as a clinical trial outcome measure. Brain 

: a journal of neurology. May 1999;122 ( Pt 5):871-882. 

19. Schmiedek F, Lovden M, Lindenberger U. A task is a task is a task: 

putting complex span, n-back, and other working memory indicators in 

psychometric context. Frontiers in psychology. 2014;5:1475. 

20. Lintas G, Molinari F, Simonetti V, Franzini M, Liboni W. Time and 

time-frequency analysis of near-infrared signals for the assessment of 

ozone autohemotherapy long-term effects in multiple sclerosis. 

Conference proceedings : ... Annual International Conference of the 

IEEE Engineering in Medicine and Biology Society. IEEE Engineering 

in Medicine and Biology Society. Annual Conference. 2013;2013:6171-

6174. 

21. Fox PT, Raichle ME. Focal physiological uncoupling of cerebral blood 

flow and oxidative metabolism during somatosensory stimulation in 

human subjects. Proceedings of the National Academy of Sciences of the 

United States of America. Feb 1986;83(4):1140-1144. 

22. Watanabe A, Matsuo K, Kato N, Kato T. Cerebrovascular response to 

cognitive tasks and hyperventilation measured by multi-channel near-

infrared spectroscopy. The Journal of neuropsychiatry and clinical 

neurosciences. Fall 2003;15(4):442-449. 

23. Herrmann MJ, Walter A, Ehlis AC, Fallgatter AJ. Cerebral oxygenation 

changes in the prefrontal cortex: effects of age and gender. Neurobiology 

of aging. Jun 2006;27(6):888-894. 

24. Sakatani K, Lichty W, Xie Y, Li S, Zuo H. Effects of aging on language-

activated cerebral blood oxygenation changes of the left prefrontal 



2018, Volume 1 (Issue 3) OPEN ACCESS 

Journal of Exercise and Nutrition 

cortex: Near infrared spectroscopy study. Journal of stroke and 

cerebrovascular diseases : the official journal of National Stroke 

Association. Nov-Dec 1999;8(6):398-403. 

25. Doring A, Pfueller CF, Paul F, Dorr J. Exercise in multiple sclerosis -- 

an integral component of disease management. The EPMA journal. 

2011;3(1):2. 

26. Albinet CT, Mandrick K, Bernard PL, Perrey S, Blain H. Improved 

cerebral oxygenation response and executive performance as a function 

of cardiorespiratory fitness in older women: a fNIRS study. Frontiers in 

aging neuroscience. 2014;6:272. 

27. Yang R, Dunn JF. Reduced cortical microvascular oxygenation in 

multiple sclerosis: a blinded, case-controlled study using a novel 

quantitative near-infrared spectroscopy method. Scientific reports. 

2015;5:16477. 

28. Redlin M, Huebler M, Boettcher W, Kuppe H, Hetzer R, Habazettl H. 

How near-infrared spectroscopy differentiates between lower body 

ischemia due to arterial occlusion versus venous outflow obstruction. 

The Annals of thoracic surgery. Apr 2011;91(4):1274-1276. 

29. Stojanovic-Radic J, Wylie G, Voelbel G, Chiaravalloti N, DeLuca J. 

Neuroimaging and cognition using functional near infrared spectroscopy 

(fNIRS) in multiple sclerosis. Brain imaging and behavior. Jun 

2015;9(2):302-311. 

 

 


