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Table 1. Demographic and clinical characteristics.

Anthropometric characteristics Pre Post
Gender
n (M/F) 20 (15/5) -
Age 64.8 (11.6) i
yrs
Height 170.8 (11.2) i
cm
Wifht 86.1 (19.6) | 85.6 (19.4)
Body mass index
ke/m? 29.4 (5.9) 29.2 (5.8)
Functional Capacity
METs 55(2.5) 6.9 (2.8)**
Walking time 6.3 (3.1) 7.8 (3.5
min 3 (3. 8 (3.
Etiology
Coronary Artery Disease o
n (%) 17 (85%) -
Diabetes Mellitus (Type 1 or 2) o
n (%) 5(25%) -
Congestive Heart Failure o
n (%) 3 (15%) -
Medications
3-Blocker 0
n (%) 18 (90%) -
ACE inhibitor/ARB o
n (%) 11 (55%) -
Ca?" channel blocker o
n (%) 2 (10%) -
Diuretic o
n (%) 5(25%) -
Statin o
n (%) 18 (90%) -

**p =<0.01, pre vs. post
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Data are mean (SD), yrs = years, cm = centimeters, kg = kilogram, kg/m? = kilogram/square
meter, min = minutes, METs = Metabolic Equivalents, ACE = Angiotensin converting enzyme,
ARB = Angiotensin receptor blocker, Ca*" = calcium. N=20.
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Table 2. Results from the NIH Toolbox fluid cognition test before and after 18 sessions

of cardiac rehabilitation. N = 20.

Cohen’s d
Pre Post (95% CI)
Cognitive test (construct)
_ . 135
K3k :
Pattern comparison (processing speed) 46 (15) | 58(11) (7.7-15.8)
. . 43
Picture sequence (episodic memory) 47 (10) 51(8) (-30-7.7)
. 0.79
skk
Flanker (attention) 42 (9) 51(7) (3.4-13.4)
: . 85
kk :
Card sort (executive function) 54 (8) 60 (10) (2.8-9.9)
. 98
skk :
Work memory (working memory) 48 (6) 54.(7) (3.2-9.2)
Cognitive fluid composite (global abilities) | 46 (8) 57 (9)** @3 32,;% 1)

**p =<0.01, pre vs. post

Data are mean (SD) and Cohen’s d effect size (95% CI), CI = Confidence interval.




Table 3. Pre- and post-cardiac rehabilitation summary table for change in left and right
prefrontal cortex (LPFC and RPFC) oxyhemoglobin (O,Hb), deoxyhemoglobin (HHb),
total hemoglobin (tHb), and hemoglobin difference (Hbdiff) responses during cognitive
testing. N = 20.

RPFC O,Hb (umol) LPFC O,Hb (umol,
Cognitive Pre Post Cohen’s d Pre Post Cohen’s d
test Mean (SD) Mean (SD) (95% CI) Mean (SD) Mean (SD) (95% CI)
Processing .16 . 40
speed 98 (1.14) 1.19 (1.12) (-.52-.097) .94 (1.23) 1.36 (1.27) (.19-70)
Episodic .09 .34
memory 2.07 (1.41) 2.24 (1.35) (-24-53) 1.99 (1.43) 2.46 (1.47)** (.17-.85)
Attention 1.97 (1.67) 2.33(1.55) 17 1.73 (1.92) 251 37
) ) ' ) (-.14-.84) ) ) (1.74)** (.30-1.30)
Executive .20 2.66 .30
function 2.06 (1.73) 2:50(1.56) (-.08-.94) 1.952.12) (1.92)* (.17-1.23)
Working .16 18
memory 2.32(2.33) 2.77 (1.76) (-17-93) 2.77 (1.76) 2.80(2.19) (-14-1.16)
RPFC HHb (umol) LPFC HHb (umol)
Cognitive Pre Post Cohen’s d Pre Post Cohen’s d
test Mean (SD) Mean (SD) (95% CI) Mean (SD) Mean (SD) (95% CI)
Processing -.38 (0.81) -.26 (.60) .16 -.37 (.53) -.24 (.66) 18
speed (-.06-.32) (-.04-.29)
Episodic -.60 (1.06) -.52 (.88) .07 -.54 (.74) -.54 (.81) -.02
memory (-.17-.30) (0.22-.19)
Attention -48 (1.26) -43 (.89) .02 -.52(.97) -.51(.79) .00
(-.25-29) (-.27-.26)
Executive -.52 (1.25) -48 (.95) .00 -.56 (.97) -.61(.93) -.06
function (-.29-.29) (-.34-.20)
Working -.52 (1.06) -.45 (1.00) -.09 -.45 (1.00) -.54 (1.10) -.02
memory (-.37-.16) (-.33-27)
RPFC tHb (umol) LPFC tHb (umol)
Cognitive Pre Post Cohen’s d Pre Post Cohen’s d
test Mean (SD) Mean (SD) (95% CI) Mean (SD) Mean (SD) (95% CI)
Processing .60 (1.58) .94 (1.36) 17 .57 (1.42) .12 (1.41)** .36
speed (-.12-.79) (.21-93)
Episodic 1.57 (2.18) 1.72 (1.79) .09 1.44 (1.88) 1.92 (1.69)* 23
memory (-.35-.77) (.01-97)
Attention 1.49 (2.57) 1.90 (2.04) 13 1.21 (2.58) 2.00 (2.02)* 27
(-.31-1.05) (.12-1.50)
Executive 1.54 (2.56) 2.02 (1.92) 14 1.39 (2.80) 2.04 (2.19) .20
function (-.27-1.14) (-.18-1.39)
Working 1.80 (3.13) 2.32(2.25) .09 2.32 (2.25) 2.26 (2.80) 12
memory (-.44-.99) (-.40-1.36)
RPFC Hbdiff (umol) LPFC Hbdiff (umol,
Cognitive Pre Post Cohen’s d Pre Post Cohen’s d
test Mean (SD) Mean (SD) (95% CI) Mean (SD) Mean (SD) (95% CI)
Processing 1.36 (1.58) 1.45 (1.17) .09 1.31 (1.26) 1.60 (1.45)** 32
speed (-.15-.32) (.09-.54)
Episodic 2.67 (1.25) 2.77 (1.40) .06 2.53(1.29) 3.00 (1.67)** .40
memory (-.22-.38) (.22-.82)
Attention 2.46 (1.47) 2.76 (1.50) 19 2.25(1.62) 3.01 (1.80)** 43
(-.08-.73) (.38-1.22)
Executive 2.63 (1.58) 2.98 (1.74)* 24 2.51(1.72) 3.27 (2.09)** .39
function (.01-.86) (.33-1.26)
Working 2.84 (1.81) 3.22 (1.75)* -.24 3.22 (1.76) 3.34 (2.03)* 25
memory (.01-.96) (.04-1.04)
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RPFC = right prefrontal cortex, LPFC = left prefrontal cortex, O,Hb = oxyhemoglobin, HHb =
deoxyhemoglobin, tHb = total hemoglobin, Hbdiff = oxyhemoglobin difference, CI = confidence

interval, pmol = micromole. Data are mean (SD) and Cohen’s d effect size (95% CI), *p =<0.05,
kK =
‘p =<0.01.
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Table 4. Correlational analyses summary table for change in left and right prefrontal
cortex (LPFC and RPFC) responses and change in cognitive test scores. N = 20.

RPFC
Cognitive Test O:Hb HHb tHb Hbdiff
Processing -.307 -.129 -271 -.284
Speed
Episodic 123 191 175 .009
Memory
Attention -.052 .040 -.022 -.072
Executive -.130 112 -.050 -.201
Function
Working =227 018 -.192 -.230
Memory
Fluid -.375 143 -.235 -467* (0.038)
Composite
LPFC
Cognitive Test O:Hb HHb tHb Hbdiff
Processing =215 -.032 -.152 -.262
Speed
Episodic .023 - 111 -.028 .085
Memory
Attention -.320 -.280 -.368 -.191
Executive -.445% -.384 -.487* -.329
Function (0.049) (0.030)
Working -.106 079 -.059 -.168
Memory
Fluid -.425 -.084 -.364 -.447* (0.048)
Composite

RPFC = right prefrontal cortex, LPFC = left prefrontal cortex, O,Hb = oxyhemoglobin, HHb =
deoxyhemoglobin, tHb = total hemoglobin, Hbdiff = oxyhemoglobin difference. Data are r-value
(p-value). *p = <0.05.
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P
I

19.7 (1.5) CR
<3 days < 3 days

Initial Visit Pre Cognitive Post Cognitive Post Visit

» Height, Weight Testing Testing *  Weight

* Submaximal <+ Trail Making

Test Part B
(within control)
* Pattern

Comparison
* Picture
Sequence
* Flanker
Inhibitory
Control
* Card Sort
» List Sorting

Exercise Test

+ Trail Making * Submaximal

Test Part B Exercise Test

(within control)

* Pattern
Comparison
* Picture
Sequence
* Flanker
Inhibitory
Control
* Card Sort
* List Sorting

Figure 1. Outline of the study protocol. Number of Cardiac Rehabilitation (CR) sessions

are mean (SD).
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Figure 2. Schematic representation of functional near-infrared spectroscopy (fNIRS)
optodes. Open circles with numbers (1-8) represent light sources (optodes or
transmitters), and open circles with R1 and R2 represent receivers. Eight channels were
created with 1-4 monitoring the LPFC and 5-8 monitoring the RPFC. LPFC = left
prefrontal cortex. RPFC = right prefrontal cortex.
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Figure 3. Prefrontal cortex responses during the processing speed task pre and post CR.
A significant difference in LPFC O>Hb (A) was observed pre and post CR. No significant
differences were observed in RPFC or LPFC HHb (B). Significant differences were also
observed in LPFC tHb (C) and LPFC Hbdiff (D) pre and post CR. CR = cardiac
rehabilitation, RPFC = right prefrontal cortex, LPFC = left prefrontal cortex, O;Hb =
oxyhemoglobin, HHb = deoxyhemoglobin, tHb = total hemoglobin, Hbdiff =
oxyhemoglobin difference. N=20.
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Figure 4. Prefrontal cortex responses during the episodic memory task pre and post CR.
A significant difference in LPFC O>Hb (A) was observed pre and post CR. No significant
difference was observed in RPFC or LPFC HHb (B). Significant differences were
observed in LPFC tHB (C) and LPFC Hbdiff (D) pre and post CR. CR = cardiac
rehabilitation, RPFC = right prefrontal cortex, LPFC = left prefrontal cortex, O;Hb =
oxyhemoglobin, HHb = deoxyhemoglobin, tHb = total hemoglobin, Hbdiff =
oxyhemoglobin difference. N=20.
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Figure 5. Prefrontal cortex responses during the attention (flanker) task pre and post CR.
A significant difference in RPFC and LPFC O,Hb (A) was observed pre and post CR. No
significant differences were observed in RPFC or LPFC HHb (B). Significant differences
were also observed in LPFC tHB (C) and LPFC Hbdiff (D) pre and post CR. CR =
cardiac rehabilitation, RPFC = right prefrontal cortex, LPFC = left prefrontal cortex,
O2Hb = oxyhemoglobin, HHb = deoxyhemoglobin, tHb = total hemoglobin, Hbdiff =
oxyhemoglobin difference. N=20.
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Figure 6. Prefrontal cortex responses during the executive function task pre and post CR.
A significant difference in LPFC O>Hb (A) was observed pre and post CR. No significant
differences were observed in RPFC or LPFC HHb (B) or tHb (C). Significant differences
were also observed in RPFC and LPFC Hbdiff (D) pre and post CR. CR = cardiac
rehabilitation, RPFC = right prefrontal cortex, LPFC = left prefrontal cortex, O;Hb =
oxyhemoglobin, HHb = deoxyhemoglobin, tHb = total hemoglobin, Hbdiff =
oxyhemoglobin difference. N=20.
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Figure 7. Prefrontal cortex responses during the working memory task pre and post CR.
No significant differences were observed in RPFC or LPFC O>Hb (A), HHb (B) or tHB
(C) from pre to post CR. A significant increase in RPFC and LPFC Hbdiff (D) were
observed. CR = cardiac rehabilitation, RPFC = right prefrontal cortex, LPFC = left
prefrontal cortex, OoHb = oxyhemoglobin, HHb = deoxyhemoglobin, tHb = total
hemoglobin, Hbdiff = oxyhemoglobin difference. N=20.
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Figure 8. Relationships between the changes in prefrontal cortex responses and changes
in cognitive test scores. Significant negative relationships were detected between the
changes in: RPFC Hbdiff and composite score change (A), LPFC O2Hb and executive
function change (B), LPFC tHb and executive function change (C), LPFC tHb and
composite score change (D). RPFC = right prefrontal cortex, LPFC = left prefrontal
cortex, O2Hb = oxyhemoglobin, tHb = total hemoglobin, Hbdiff = oxyhemoglobin
difference. N=20.
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Figure 9. Relationship between change in cardiovascular fitness and change in working
memory score. A significant positive relationship was detected between the change

in cardiovascular fitness (METs) and change in working memory score. METs =
metabolic equivalents. N=20.
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CHAPTER 4: SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

The novelty of this study was that it was the first to examine and compare the
cognitive changes and prefrontal cortex (PFC) oxygenation responses to 6 weeks of
cardiac rehabilitation (CR) in cardiovascular disease (CVD) patients. Specifically, we
investigated if CR exercise training would improve cognitive performance and if these
changes were associated with increased PFC oxygenation during such cognitive tasks in
patients with CVD. The research manuscript entitled, “Cardiac Rehabilitation Increases
Cortical Activation During Cognitive Testing” found in Chapter 3 provides evidence that
6 weeks of CR has the ability to lessen, and possibly reverse the mild cognitive
impairments found in patients with CVD. Furthermore, this type of aerobic exercise
intervention has the ability to increase cortical hemodynamics and improve neural
efficiency. In conclusion, CR can have a profound cognitive impact in individuals with

CVD, ultimately improving their quality of life.

Conclusions

The utilization of and adherence to CR has the ability to improve cognitive
function in patients with CVD as in those who were recruited for the current study.
Specifically, as few as 19 sessions of CR could increase cognitive test scores and
improve PFC oxygenation. In addition, patients displayed an increased neural efficiency
which may represent an adaptation to the exercise intervention. It is also interesting to
note that despite the nonsignificant difference in post-CR episodic memory score, this

result may be clinically significant given the medium effect size. These findings further
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highlight the importance of administering individualized aerobic exercise sessions for
patients in this population. We conclude the following regarding our study of cognitive
performance and PFC hemodynamics during cognitive testing in CVD patients:
e Engaging in CR can improve cardiovascular fitness and multiple cognitive
domains.
e Measurements of PFC oxygenation during cognitive testing are increased
following 6 weeks of CR; however, this does not appear to be responsible for the
improvement in cognitive performance.

e Increased neural efficiency may represent an adaptation to CR in CVD patients.

Recommendations

These findings have prompted consideration for the following future
investigations:

1. Investigating the effect of CR for other homogenous samples (age, sex, specific
type of CVD).

2. Investigating the cognitive and PFC response to prerehabilitation (engaging in an
aerobic exercise intervention prior to cardiac surgery).

3. Exploring the long-term cognitive and PFC changes following completion of a
CR program, and making follow-up measurements at more distal time points
(e.g., 3, 6,9, 12 months after CR is completed).

4. Examining the relationship between the intensity of aerobic exercise performed
during CR and cognitive performance may have some unique practical

programming applications.
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Exploring other physiological markers may be noteworthy in trying to determine
the exact mechanisms responsible for cognitive changes.
Investigating other areas of the brain may provide us with additional insight into

the changes in activity patterns following CR.
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APPENDICES

A. Informed Consent
B. Data Collection Sheets

C. Atterbom Submaximal Exercise Test Protocol
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APPENDIX A.

The effects of cardiac rehabilitation on cognitive function and hemodynamics

Consent to Participate in Research
1/23/19

Purpose of the research: You are being asked to participate in a research study that is
being done by Micah Zuhl, the Principal Investigator, and his associates from the
department of Health, Exercise, and Sports Sciences at the University of New Mexico.
The purpose of this study is to examine how an exercise program influences brain
function among those attending the New Heart cardiac rehabilitation exercise program.
You are being asked to take part in this study because you are an English-speaking
individual, enrolled in a Cardiac Rehabilitation program at New Heart Clinic,
Albuquerque and live in Bernalillo County. A total of fifty subjects will be recruited for
this study.

This form will explain what to expect when joining the research study. The possible risks

Key information for you to consider:

e You are being asked to participate in pre and post cardiac rehabilitation
testing to examine how exercise influences brain function. This testing
involves wearing a head cap while completing certain cognitive tasks. You
will also wear this head cap during exercise, which is part of New Heart pre
and post testing procedures. You are being asked to take part in this study
because you are an English-speaking individual, enrolled in a Cardiac
Rehabilitation program at New Heart Clinic, Albuquerque and live in
Bernalillo County.

e Major requirements of the research: Measurements of brain blood flow
during cognitive testing and exercise. There is also an OPTIONAL blood
draw.

e The most important risks include: temporary pain or discomfort from blood
draw (OPTIONAL), some frustration completing the concentration tasks,
irritation from the brain cap or possible loss of privacy and confidentiality
associated with participating in a research study.

e The most important benefit includes: identifying how cardiac rehabilitation
exercise programs may improve cognitive function and brain oxygenation in
cardiac patients.

The time to collect the measurements will be one hour, and total time to complete
the study will be an estimated two hours (1 hour at pre-rehab and 1 hour at post-
rehab).

and benefits of participation will be explained. If you have any questions, please ask one
of the study researchers.

What you will do in the project: Your participation will involve two measurement
sessions that will take place at your baseline testing (pre-rehab) and after completion
(post-rehab) of your cardiac rehabilitation program. All measurements will take place at
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the New Heart clinic. These two visits will be scheduled by employees at the New Heart
facility. The details of the visits are presented below.

1. Measurement of brain blood flow during cognitive testing. You will be fitted with a
head cap that will cover the front of your head. This cap will be connected to several
wires. You will sit quietly for 1 minute while the activity in your brain is measured using
light waves. This is painless and only measures the amount of oxygen your brain is using.
This measurement is called a functional near-infrared spectroscopy (fNIRS). You will
then complete a 25-minute cognitive test while your brain activity is recorded by the
fNIRS. The cognitive testing will be administered on a tablet computer.

2. Measurement of brain blood flow during exercise. The cap from step 2 will remain on
your head, and your brain activity will be measured while you exercise. The exercise test
is part of the pre and post testing at New Heart.

OPTIONAL: A blood sample will be collected from a vein in one of your arms to
measure a protein called brain derived neurotrophic factor. A total of 7mL (0.50 tbsp)
will be collected at both pre and post rehabilitation. The blood collection is not required
and you are able to decline this procedure.

OPTIONAL: Blood samples will be collected using a needle stick technique. The blood
draw will involve cleaning the puncture site with 70% alcohol solution. A straight needle
or sterile smaller needle with plastic stabilizers (butterfly needle) will be used to draw
blood into plastic blood collection tubes. Immediately following the blood draw, the
puncture site will be covered with a band-aid. All equipment used in the process will be
placed in specific containers for throwing away. The blood draw work area (i.e., work
bench, or examination table) is then wiped down using a 70% alcohol solution using
paper towel. You will be monitored after each blood draw. If you have a fear of needles
or feel uncomfortable, you will be able to lay down prior to and after the blood draw.
Two total blood draws will take place during the study, one at pre, and one at the end of
the Cardiac Rehabilitation program.

In addition to the above measurements, we will also document your results from each
exercise session you attend at New Heart. This will include how much exercise you
perform and the intensity of the exercise. We will also document your results on all of
your pre-rehab and post-rehab tests. This will include all questionnaires and exercise
testing results.

The time to collect the measurements will be one hour, and total time to complete the
study will be an estimated two hours (1 hour at pre-rehab and 1 hour at post-rehab).

Risks: Blood collection (OPTIONAL). Collecting your blood may cause temporary pain
and discomfort from the needle sticks and from the finger or earlobe pricks. There could
be a possibility of bruising, sweating, feeling faint or lightheaded, and in rare cases there
is risk of infection. To minimize risk, proper blood drawing techniques will be used,
which will include technician wearing sterile (non-latex) protective gloves, thorough
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cleaning of site, and sterile needles. The site will be covered after the blood draw to
prevent infection. All members of the research team are trained by these standards.
Mental stress. You may have some frustration during the concentration tasks. These tasks
are designed to challenge your memory and ability to recall facts in a certain amount of
time. If you become upset during the concentration tasks then the test will be stopped.

Brain cap. You may have some redness or irritation on the forehead area from the cap
itself. For example, some people report minor irritation at the electrode site.

There are risks of stress, emotional distress, inconvenience and possible loss of privacy
and confidentiality associated with participating in a research study.

Benefits: There are no other direct benefits to you from participating in this study.
However, it is hoped that information gained from this study will help us investigate and
identify the mechanisms of how cardiac rehabilitation may improve cognitive function
and brain oxygenation in cardiac patients.

Confidentiality of your information: To protect your information, you will receive a
subject number with no link to your name on any study material. Only the research team
will know what you do or say in this study. All health history information will be viewed
only by the research team. The purpose of health information is to determine your
eligibility for the study. Your information will be stored in a locked cabinet in Micah
Zuhl’s office. While some members of the research team may be your teacher, your
participation or non- participation will have no impact on your grade in class.

We will take measures to protect the security of all your personal information, but we
cannot guarantee confidentiality of all study data. The University of New Mexico
Institutional Review Board (IRB) that oversees human subject research and/or other
entities (such as a Sponsor) may be permitted to access your records. The Food and Drug
Administration (FDA) may also inspect your records. Your name will not be used in any
published reports about this study.

You should understand that the researcher is not prevented from taking steps, including
reporting to authorities, to prevent serious harm of yourself or others.

Use of your information for future research: Your information collected for this
project will NOT be used or shared for future research, even if we remove the identifiable
information like your name or date of birth.

Payment: In return for your time in this study, you will be paid a cash sum of for each
visit, for a total of $60. If you do not complete the study, you will be paid $30 for each
visit you completed. Compensation is considered taxable income. Amounts of $600 or
more will be reported by UNM to the Internal Revenue Service (IRS).
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HIPAA Authorization for Use and Disclosure of Your Protected Health Information
(HIPAA)

As part of this study, we will be collecting health information about you and sharing it
with others. This information is “protected” because it is identifiable or “linked” to you.

Protected Health Information (PHI)

By signing this Consent Document, you are allowing the following people to use your
protected health information for the purposes of this study: Terence Moriarty, Micah
Zuhl, Kelsey Bourbeau, Gabriella Bellissimo and Christine Mermier. This information
may include: medical and physical activity history, cardiac condition, height, weight, age,
exercise adherence, estimated maximal oxygen consumption, and heart rate.

In addition to researchers and staff at UNM and other groups listed in this form, there is a
chance that your health information may be shared (re-disclosed) outside of the research
study and no longer be protected by federal privacy laws. Examples of this include
disclosures for law enforcement, judicial proceeding, health oversight activities and
public health measures.

Right to Withdraw Your Authorization

Your authorization for the use and disclosure of your health information for this study
shall not expire unless you cancel this authorization. Your health information will be used
or disclosed as long as it is needed for this study. However, you may withdraw your
authorization at any time provided you notify the UNM researchers in writing. To do this,
please send a letter notifying them of your withdrawal to:

Micah Zuhl, Department of Health, Exercise, and Sports Sciences, Johnson Center B143
MSCO04, 1 University of New Mexico, Albuquerque New Mexico 87131
Zuhl09@unm.edu.

Please be aware that the research team will not be required to destroy or retrieve any of
your health information that has already been used or shared before your withdrawal is

received.

If you have questions about the privacy practices of the entity from which your PHI is
being collected, you can request a Notice of Privacy Practices from your provider.

Refusal to Sign

If you choose not to sign this consent form and authorization for the use and disclosure of
your PHI, you will not be allowed to take part in the research study.
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Right to withdraw from the research: Your participation in this study is completely
voluntary. You have the right to choose not to join or to withdraw at any point with no
penalty. If you decide to withdraw, your information will not be used in the study.
Deciding to participate in this study (or not) will not affect the care that you receive at
New Heart. If you experience any injury or are unable to complete both trials, then the
research team will withdraw you from the study.

If you have any questions, concerns, or complaints about the research, please contact:

Micah Zuhl, Department of Health, Exercise, and Sports Sciences, Johnson Center B143
MSCO04, 1 University of New Mexico, Albuquerque, NM 87131. (505) 277-3243.
Zuhl09@unm.edu.

If you have questions regarding your rights as a research participant, or about what you
should do in case of any harm to you, or if you want to obtain information or offer input,
please contact the IRB. The IRB is a group of people from UNM and the community who
provide independent oversight of safety and ethical issues related to research involving
people:

UNM Office of the IRB, (505) 277-2644, irbmaincampus@unm.edu. Website:
http://irb.unm.edu/

CONSENT

You are making a decision whether to participate in this research. Your signature below
indicates that you have read this form (or the form was read to you) and that all questions
have been answered to your satisfaction. By signing this consent form, you are not
waiving any of your legal rights as a research participant. A copy of this consent form
will be provided to you.

I agree to participate in this research.

Name of Adult Participant Signature of Adult Participant Date

I agree to the extra blood draw procedure initials

Researcher Signature (to be completed at time of informed consent)

I have explained the research to the participant and answered all of their questions. I
believe that they understand the information described in this consent form and freely
consents to participate.

Name of Research Team Member Signature of Research Team Member Date
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APPENDIX B.
DATA COLLECTION SHEET
PRE
Subject#: Age: Time:
Date: Gender: Ethnicity:
Ht (cm): Wt (kg): CVD type:
OPTIONAL: 7ml venous blood collection (tube for serum — allow to clot for 20-

minutes. Spin at 2200 for 20 minutes (4°C))

Cognitive fNIRS Imaging

fNIRS cap
fNIRS while taking NIH Toolbox cognition tests

Save file as subject# and trial pre-cognition

Exercise fNIRS Imaging

fNIRS cap

fNIRS while performing the Atterbom exercise test

Save file as subject# and trial pre-exercise

Treadmill estimated VOamax (individual Atterbom protocol)

Speed = mph  Grade: =%

QoL score:

Nutrition score:

Depression score:
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DATA COLLECTION SHEET
POST
Subject#: Age: Time:
Date: Gender: Ethnicity:
Ht (cm): Wt (kg): CVD type:
OPTIONAL: 7ml venous blood collection (tube for serum — allow to clot for 20-

minutes. Spin at 2200 for 20 minutes (4°C))

Cognitive fNIRS Imaging

fNIRS cap
fNIRS while taking NIH Toolbox cognition tests

Save file as subject# and trial pre-cognition

Exercise fNIRS Imaging

fNIRS cap

fNIRS while performing the Atterbom exercise test

Save file as subject# and trial pre-exercise

Treadmill estimated VOamax (individual Atterbom protocol)

Speed = mph Grade: =%

QoL score:

Nutrition score:

Depression score:
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APPENDIX C.

Atterbom Submaximal Exercise Test Protocol

Exercise (min) Speed (mph) Grade (%) METs
Warm-up 1.0 1.77
1 1.5 2.15
2 2.0 2.53
3 2.5 2.92
4 3.0 33
5 3.0 2 4.13
6 3.0 5 5.37
7 3.0 7 6.19
8 3.5 7 7.06
9 3.5 9 8.03
10 3.7 9 8.43
11 3.7 11 9.45
12 4.0 11 10.13
13 4.0 13 11.24
14 4.2 13 11.75
15 4.2 15 1291

min = minutes, mph = miles per hour, METs = Metabolic Equivalents.



