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ARTICLE INFO ABSTRACT
Keywords: Alzheimer’s disease (AD) is a devastating, progressive neurodegenerative disease resulting in memory loss and a
Alzheimer’s disease severe reduction in the ability to perform activities of daily living. Ethnicity-related genetic factors promoting the

African Americans development of dementias among African Americans (AA) and increased risk among women for developing AD

;?::iikers indicates that AA women with a parental history of AD are at great risk for developing AD. This phase I study
Dance therapy assessed the impact of a 12 week, 20-lesson adapted Argentine Tango intervention (n=24) to a no-contact
Caregivers control group (n=10) on measures of plasma inflammatory markers, cognition, and motor and psychosocial
Inflammation performance in middle-aged AA woman at increased risk for AD by virtue of parental history. Some woman
Pilot Projects (n=16) were also caregivers; thus, the impact of the intervention on caregiving burden was examined in this

subset. Preliminary analysis of efficacy was conducted with significance tests on biomarkers and key measures of
cognition, including visuospatial and executive function, balance, and strength. After 12 weeks, Tango partici-
pants had significantly decreased inflammatory cytokine, including reductions in IL-7 (p =0.003), IFN-y
(p=0.011), TNFa (p =0.011), and MCP-1 (p =0.042) compared to controls. Large effects were noted for the
Tango group on tests of executive functioning (d =0.89), and inhibition (p =0.031). Participants in Tango
improved in dynamic and static balance (p =0.018) and functional lower body strength (p = 0.023). Secondary
assessment revealed trends favoring the intervention group were noted in spatial cognition and executive
function. Moderate effects were noted in caregiving burden measures among the subset of caregivers. These data
demonstrate substantial reductions in inflammatory biomarkers along with cognitive and motor improvements
through a non-pharmacologic, affordable intervention among a small, well-characterized cohort of AA women
with a parental history of AD.
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Introduction

Alzheimer’s Disease (AD) is the fourth leading cause of death in
Black/African Americans (B/AA) and the sixth leading cause of death
among Whites in the United States[1], with an estimated 5.7 million
Americans of all ages living with AD dementia in 2019[1]. B/AA in-
dividuals are 1.6-fold more likely to develop dementia by the age of 85
compared to Whites[2], likely due to genetic AD risk factors, co-morbid
cerebrovascular and systemic diseases, socioeconomic status, and psy-
chosocial inequity[3]. Biological sex also impacts risk of developing AD,
such that females experience higher incidence and prevalence of AD due
to longevity and the loss of estrogen during menopause[4].

Middle-aged B/AA women who are caring for their parent with AD
are particularly at risk due the intersectionality of gender, race,
menopausal-related hormone changes, caregiver stress and genetics;
though, paradoxically, B/AA women caregivers do not self-report high
levels of caregiver stress or burden. Research shows that informal family
caregivers, most of whom are women, have increased levels of stress,
depression, and hypertension, and diminished quality of life (QOL)[5],
all of which are independent risk factors for AD[6]. Importantly, B/AA
caregivers report worse physical health compared to White caregivers
while also receiving less support; this is sometimes compounded by the
effects of lower socioeconomic status[7].Our group and others have
shown that non-pharmaceutical interventions, including nutrition, ex-
ercise, and art-based interventions, have the potential to reduce
perceived burden and improve mood and cognition, likely because of
improved mood, and physical activity’s beneficial effects on reducing
inflammation[8-12].

It has been well documented that peripheral inflammation is impli-
cated in cognitive decline and AD[13-17]. Recent reports suggest that
systemic inflammation correlates to AD biomarkers in the brain, and
some inflammatory markers may be distinctly upregulated within
B/AAs[3] and AD informal family caregivers[18]. While prior research
from our group has shown a positive impact of dance therapy on
physical and cognitive function, psychological outcomes, and quality of
life in people with AD[19], no studies, to these authors’ knowledge,
have evaluated the impact of dance therapies on blood-based inflam-
matory biomarkers. King et al. demonstrate health and functioning
benefits for woman familial caregivers caring for a relative with de-
mentia when initiating in moderate-intensity exercise[20]. Further-
more, work by Canonici et al. suggests that a motor intervention for AD
results in a decrease in caregiver burden and improvements in motor
functions[21].

With increasing evidence that exercise may be beneficial to both
caregivers and those with diagnosed AD[22]> [23], a dance intervention
represents a uniquely enjoyable program with the potential to provide
cognitive, mood, and motor functioning benefits to participants. An
adapted form of Argentine Tango dance, Adapted Tango is a
mild-moderately challenging aerobic physical activity that promotes
social interaction, cognitive engagement, and physical coordination
with the rhythm of the music. Research demonstrates that listening to
music is effective at decreasing anxiety, depression, and caregiver
burden[24]’ [25]. Furthermore, Adapted Tango has demonstrated ben-
efits for older adults[26] and individuals with Parkinson’s disease (PD)
[27-29]: patients with PD demonstrate improvements in mobility and
spatial cognition[27-29] while older adults improve in motor-cognitive
integration[26]. Improvements were reported to have lasted up to 1
month post treatment.

In this pilot randomized, placebo-controlled clinical trial, the po-
tential benefit of a 12-week Adapted Tango intervention is investigated
in B/AA women with a parental history of AD, half of whom were
informal caregivers to parents with AD. To our knowledge, this is the
first trial to test the potential benefit of a dance intervention in a cohort
at high risk for AD during middle age. Middle age represents the ideal
time to stage an intervention. This time is when the irreversible
neuropathological AD cascade is only beginning and may have potential
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to be slowed. This trial enrolled a small but well characterized cohort of
middle age, B/AA women with an AD parental history, half of whom
were current caregivers, and therefore at risk for developing AD them-
selves. Primary outcomes included levels of inflammatory blood-based
biomarkers, quality of life (QOL), mood, cognitive and physical func-
tion in women randomized to the Tango intervention compared to a no-
contact control group. The trial also aimed to evaluate the effect sizes of
several bio- and behavioral markers of motor and cognitive function
post-intervention to power a future phase II trial. These data build a
foundation for implementation of rehabilitation approaches in this
unique, underserved population.

2. Methods

The study protocol was approved by the Emory University Institu-
tional Review Board and the Atlanta VA Research & Development. All
participants gave written informed consent prior to participating. This
trial was registered under NCT03269149.

Thirty-four B/AA women, 16 of whom were informal caregivers of
their parent with AD, were enrolled for the 12-week, randomized,
placebo-controlled Phase I clinical trial. Participants enrolled in Dr.
Wharton’s ongoing longitudinal studies of AD caregiving were invited to
participate in the trial. Recruitment spanned 6/11/2015 through 10/
19/2018, ending after achieving target recruitment numbers. Inclusion
criteria included 1) a parent diagnosed with probable AD as defined by
the National Institute of Neurological Disorders and Stroke-Alzheimer’s
Disease and Related Disorders Association (NINDS-ARDXA), 2) will-
ingness to undergo all study procedures, and willingness to attend 20
classes over 12 weeks and two clinical visits for blood draw and clinical
data collection (height, weight, blood pressure), 3) female sex, 4) self-
identification as Black or African American 5) 45+years of age. Verifi-
cation of the parent’s AD diagnosis was obtained using the validated
Dementia Questionnaire[30] and medical records, if available. Partici-
pants were randomized on a first-come-first-serve basis in a 2:1 ratio to
treatment (n = 24) and control (n = 10) conditions with controls fre-
quency matched to cases based on two age stratifications (45-55 years
and 65-65 years).

Participants underwent clinical data collection as well as cognitive
testing, and physical/motor function and mood assessments, both pre-
and post-intervention or control, as previously reported[31] and briefly
described below. Clinical visits lasted approximately 2 h in which par-
ticipants completed the following tests: 1) a one-hour cognitive testing
battery including a pre/post battery in domains of spatial ability[32]’
[33], executive function[34-36], quantitative measures that assess
mood, and positive and negative aspects of caregiving[37-41]; 2) a
blood draw for inflammatory markers; 3) height, weight, and blood
pressure measurement; and 4) physical/mobility function testing, which
included domains of balance[42]> [43], walking[44]> [45], and motor
function[46].

2.1. Consort flowchart

2.2. Intervention

2.2.1. Adapted tango dance intervention (n = 24)

The twenty-four participants randomized to the experimental group
participated in twenty, 1.5 hour long Adapted Tango dance sessions over
12 weeks. Participants were encouraged to attend classes two times per
week. Dance interventions took place at the Atlanta VA Health Care
System in a Movement Studies Laboratory. To increase likelihood of
participants completing all 20 classes, three different class times were
offered per week. The Adapted Tango classes followed methods outlined
in an Adapted Tango manual, which highlights older adult motor im-
pairments and challenges, fall risk and prevention, partnering
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[ Enrollment ]

Assessed for eligibility (n=312)

Excluded (n=278)
+ Not meeting inclusion criteria (n=86)

Live too far away (n=6)

Not interested (n=11)

Not available (n=12)

Did not respond/no reason provided (n=163)

Randomized (n=34)

A4 : v
L Allocation J

Allocated to intervention (n=24, 11 caregivers)
+ Received allocated intervention (n=24)
+ Did not receive allocated intervention (n=0)

v Follow-Up v

Allocated to intervention (n=10, 5 caregivers)
+ Received allocated intervention (n=10)
+ Did not receive allocated intervention (n=0)

Lost to follow-up (n=0)

Discontinued intervention (n=0)

v L Analysis Y

Lost to follow-up (n=0)

Discontinued intervention (n=0)

J

Analysed (n=24 for most)

Exceptions:
+ Excluded from TNF-a analysis (n=1) due to
missing pre- and post- intervention data

+ Excluded from perceived stress scale
analysis due to missing pretest data (n=1)

enhancement exercises, rhythmic entrainment, and a structured syllabus
and format[47]. Every class began with a 25-minute standing warm-up
followed by partnering and rhythmic exercises. After warming up and
learning a new step, participants were taught how to combine new steps
with previously learned steps using improvisation. Music was played
throughout classes while the participants partnered with other partici-
pants, university student volunteers, staff members or volunteer adult
members of the community e.g., friends of participants. Participants
learned to integrate the new steps and were encouraged to approach the
dance artistically while paying attention to aesthetics. Improvisation
was encouraged throughout classes.

2.2.2. Non-intervention control group (n = 10)

Ten participants were randomized to the control group. These par-
ticipants were encouraged not to change their daily health and exercise
routine during the twelve weeks between pre- and post-test. Clinical pre-
and post-assessments were identical for all participants.

2.3. Outcomes

Testing was conducted by trained research assistants who were
blinded to testing condition and study arms.

2.3.1. Pre-test and post-test blood collection and biomarker analysis
Participants underwent a blood draw using well-established research

procedures at the Emory Memory Clinic and described elsewhere[3].

Blood was collected after an 8 hour overnight fast by an experienced

Analysed (n=10 for most)

Exceptions:
+ Excluded from IL-8 analysis due to missing
pretest data (n=1)

+ Excluded from FAB analysis due to missing
pretest data (n=1)

+ Excluded from perceived stress scale
analysis due to missing pretest data (n=1)

phlebotomist. Height was taken during the pre-test visit, while weight
and two resting blood pressure measures were taken pre- and
post-intervention according to established blood pressure guidelines
[48].

Blood samples were processed, batched, and stored at —80° until
testing. Samples were assayed at the same time by a trained member of
the study team. Four panels of biomarkers were measured in plasma
using singleplex or multiplex assays in a Luminex 200 platform: inter-
leukin (IL)—7, IL-8, IL-9, IL-10, interferon gamma (IFN-y), macrophage
derived chemokine (MDC), monocyte chemoattractant protein 1 (MCP-
1), transforming growth factor alpha (TGF-a), and tumor necrosis factor
alpha (TNF- a), C-reactive protein (CRP) and serum amyloid protein
(SAP). Markers of inflammation were chosen based on our prior studies
showing peripheral and central inflammation influences on AD by race
and gender[3]> [49].

2.3.2. Cognitive testing

The neuropsychological testing battery included domains of atten-
tion, spatial ability, and executive function. Tests and respective func-
tional domains included:

the Montreal Cognitive Assessment (MoCA; global cognition; pre-test
only), a brief cognitive screening tool with high sensitivity and
specificity for detecting mild cognitive impairment[50]’

the Delis-Kaplan Executive Function System (D-KEFS) Tower test
(executive cognitive functions: organization, planning) which
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employs the Tower of London to measure the ability of step-by-step
reasoning and planning as well as impulsivity[51]° [52];
the D-KEFS Color Word Interference test (inhibition/switching,
cognitive flexibility), in which participants are presented with a list
of words naming colors that are printed in different colored ink.
Participants must shift between color naming and word reading
depending on whether the word is listed in a box. Completion time
scores and total error scores were converted into scaled values based
on age group norms and published guidelines to measures ability to
inhibit a dominant and automatic verbal response[51]° [53];
the Trail Making Test (visual attention, cognitive flexibility)[51]
[54] to measure flexibility of thinking on a visual-motor sequencing
task. The first part of Trail Making Test (TMT) test, TMT-A, requires
the subject to rapidly sequence numbers from 1 through 25, with the
score being the time to complete the task. The second part, TMT-B, is
a more difficult cognitive flexibility task requiring the subject to
follow a sequential pattern while shifting cognitive sets, sequencing
from 1 to 13 while switching between numbers and letters (i.e.,
1-A-2-B-3-C,...), with the score being the time to complete the task.
the Reverse Corsi Blocks (visuo-spatial memory)[36] is a test of vi-
suospatial function and working memory which required partici-
pants to watch the examiner point to a series of blocks on a tray, and
then repeat the pattern backwards.
the Brooks spatial memory test (spatial memory)[55] in which a four
by four grid with numbers was shown to participants. The experi-
menter read out a list of instructions for placing consecutive numbers
in the grid at a standard rate. The starting square was the second row
of the second column of the grid. After the last instruction, the par-
ticipants were asked to repeat back the list of instructions; and
e the Body Position Spatial Task (motor-cognitive and spatial-
cognitive function)[56] which asks participants to observe and
learn a series of multidirectional steps and turns in lengthening se-
quences, and then execute the movement series.

2.3.3. Physical function tests

A comprehensive battery in motor domains of balance, walking, and
lower body strength was used to ascertain effects on mobility. Tests of
functional domains, administered per guidelines included: the 30-s chair
stand test (lower-body strength)[46], 6 min walk test (aerobic capacity,
lower-limb function and mobility)[45], Timed Up and Go Test with
simple and Cognitive conditions (TUG; motor-cognitive integration)
[57], Fullerton Advanced Balance (FAB; balance)[58] and gait speed
tests (preferred, fast, backward)[44].

2.3.4. Mood and stress

Positive and negative aspects of caregiving were assessed by a
comprehensive battery including: Positive Aspects of Caregiving Scale
(11 item)[40]> [41], Pearlin Caregiver Stress Scales[59], The Zarit
Burden Interview[39], Center for Epidemiologic Studies Depression
Scale (CES-D)[40], Dementia Quality of Life measure (DEMQOL)[41]
(Carer v4).

2.4. Statistical methods

Participants with available biomarker data were included in this
analysis. Distribution plots and Shapiro’s test were conducted to eval-
uate data normality. Outcome variables, including inflammatory bio-
markers and behavioral functional variables, were assessed for both
experimental and control groups. Missing data occurred when a
participant was not able to finish the assessment or did not respond to
the survey questions; missing data at post-test were imputed following
the Last Observation Carried Forward (LOCF) method and outcomes that
were missing at both time points were considered unavailable for a
participant. The number of available data are presented in the result
tables. Descriptive analysis was conducted on pre-test demographic
characteristic variables and groups were compared with independent t-
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tests for continuous variables or Fisher’s exact test for categorical vari-
ables. Change of the outcome variables from before to after the inter-
vention were calculated by subtracting post-test values from pre-test
values. Preliminary analyses of efficacy were conducted with signifi-
cance tests on the biomarkers and one key measure each across impor-
tant domain of function, i.e., balance (FAB), strength (30 s chair stand),
motor-cognitive integration (BPST), visuospatial function (Corsi), set
switching (Trails), organization/planning (TOL) and inhibition (Color
Word Interference Test). To compare each group’s change scores of
these key outcome variables, independent t-tests were performed for
normally distributed variables (including all the biomarker variables).
Mann-Whitney U tests were used to assess non-normally distributed
variables. Inhibition Raw Total Errors was transformed into categorical
variables and the changes from pre-test to post-test were assessed by
Fisher’s exact test. All tests were two-tailed and used an alpha=0.05
significance level. The Benjamini Hochberg procedure was used to
correct for multiple comparisons[60]. All analyses were performed in R
version 3.6.1.

3. Results
3.1. Demographics

Baseline demographics and clinical measures are reported in Table 1.
Participants were overall generally healthy and there were minimal
between group differences. Average age of the intervention group was
60.3 + 8.18 years, and 58.1 + 8.2 years for the control group (p = 0.47).
BMI for the intervention group averaged 30.3 + 5.57, and 31.5 + 3.61
for the control group (p = 0.53). Years of education was similar between
groups, numbering 16 + 2.17 years for intervention and 17 + 1.94 years
for control (p = 0.22). Participants in the control group had higher
diastolic blood pressure than participants randomized to the treatment
group, measured at 79 + 8.18 mmHg and 71.2 + 8.78 mmHg respec-
tively (p = 0.02). Systolic blood pressure was similar between groups, at
130.1 £+ 14.58 mmHg for the intervention group, and 138.6 + 19.12
mmHg for controls (p = 0.17).

Occupational status (p = 0.35), housing type (p = 1.00), income (p =
0.10), and marital status (p = 0.94) did not differ significantly between
groups. Additionally, distribution of quality of life was not significantly
different by group (p = 0.35).

Dance experience in the last 5 years did not differ between groups,
with 29.2% of the intervention group and 60% of the control group
having recent experience (p = 0.13). Frequency of exercise did not differ
between groups for the month prior to the start of the study (p = 0.85)
nor four months prior (p = 1.00). The distribution of fall risk was not
significantly different by group (p = 0.41).

Medical history evaluations demonstrated that 70.8% and 50% of
women in the intervention and control groups, respectively, had un-
dergone menopause (p = 0.41). The percent of participants using an
assistive device did not differ between groups, with 83.3% and 80% of
the intervention and control groups, respectively, not using a device (p
= 0.74). Use of ACE inhibitors (p = 0.20) and beta-blockers (p = 0.56)
did not differ between groups. Furthermore, alcohol use in the past
month was not significantly different between groups (p = 0.68). High
cholesterol and high blood pressure were highly prevalent in our cohort,
affecting 52.9% and 61.8% of total participants, but affected both
groups similarly (p = 0.49 for high cholesterol; (p = 0.25 for high blood
pressure). Lastly, participants with diabetes were equally distributed
across groups (p = 0.35).

3.1.1. Attendance

Participants had busy lives and many obligations, which impacted
their abilities to attend all the classes. Some individuals had health
concerns that ultimately ended dance sessions early for them. 2 partic-
ipants attended 4 lessons, 1 participant attended 7 lessons, 1 participant
attended 11 lessons, 1 participant attended 12 lessons, 1 participant
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Table 1

Participant Baseline Characteristic (n = 34).

N (%)
Age (years)

BMI
Education (years)
Heart Rate (beats per minute)

Diastolic Blood Pressure
(mmHg)
Systolic Blood Pressure (mmHg)

Dance experience last 5 years N
(%)

No

Yes

Occupational status N (%)

Disabled

Retired

Unemployed/seeking
employment

Work full-time

Work part-time

Housing Type N (%)

House/Apartment/
Condominium

Relative’s Home

Income N (%)

$19,000 or less

$20,000-$39,000

$40,000-$59,000

$60,000-$79,000

$80,000 or more

Assistive Device N (%)

Most of the time

Never

Some of the time

Marital Status N (%)

Married/partnered

Separated/Divorced

Single

Widowed

Menopause N (%)

No

Unsure

Yes

Exercise in previous month N
(%)

Greater than once a week

1 - 4 times per month

Once a month

Never

Don’t know

Aerobic activity during the past
4 months N (%)

No

Yes

Fall worry N (%)

Not at all

Slightly

Somewhat

Moderately

Very

Single Item Quality of life (/7) N
(%)

Low

Moderate

Moderately High

High

Very High

Use of Angiotensin Converting
Enzyme (ACE) Inhibitors N
(%)

Total

34
59.7 +
8.13
30.7 +
5.05
16.3 +
2.13
73 £
13.17
73.6 =
9.21
132.7 +
16.26

21 (61.8)
13 (38.2)

4(11.8)
14 (41.2)
2(5.9)

10 (29.4)
4(11.8)

32(94.1)

2(5.9)

5(14.7)
7 (20.6)
12 (35.3)
3(8.8)

7 (20.6)

1(2.9
28 (82.4)
5(14.7)

13 (38.2)
13 (38.2)
5(14.7)
3(8.8)

6 (17.6)
6 (17.6)
22 (64.7)

20 (58.8)
8(23.5)
2(5.9)
3(8.8)
1(2.9)

17 (50)
17 (50)

17 (50)
9 (26.5)
4(11.8)
3(8.8)
1(2.9)

2(5.9)
14 (41.2)
6 (17.6)
9 (26.5)
3(8.8)

Tango

24 (70.6)
60.3 +
8.18
30.3 +
5.57

16 £
2.17
74.3 +
13.05
71.2 +
8.78
130.1 &+
14.58

17 (70.8)
7 (29.2)

4 (16.7)
11 (45.8)
1(4.2)

5(20.8)
3(12.5)

22 (91.7)
2(8.3)

4 (16.7)
5(20.8)
10 (41.7)
0 (0)
5(20.8)

1(4.2)
20 (83.3)
3(12.5)

10 (41.7)
9 (37.5)
3(12.5)
2(8.3)

4 (16.7)
3(12.5)
17 (70.8)

15 (62.5)
5(20.8)
1(4.2)
2(8.3)
1(4.2)

12 (50)
12 (50)

11 (45.8)
7 (29.2)
4 (16.7)
2(8.3)
0(0)

2(8.3)
8(33.3)
6 (25)
6 (25)
2(8.3)

Control

10 (29.4)
58.1 £8.2

315+
3.61
17 £ 1.94

70.1 +
13.67
79 £8.18

138.6 +
19.12

4 (40)
6 (60)

0 (0)
3(30)
1(10)

5 (50)
1(10)

10 (100)

0(0)

1(10)
2 (20)
2 (20)
3 (30)
2 (20)

0 (0)
8 (80)
2 (20)

3(30)
4 (40)
2 (20)
1(10)

2 (20)
3 (30)
5 (50)

5 (50)
3(30)
1(10)
1(10)
0(0)

5 (50)
5 (50)

6 (60)
2(20)
0 (0)

1(10)
1(10)

0(0)
6 (60)
0 (0)
3(30)
1(10)

value

0.47

0.53

0.41

0.02

0.17

0.13

0.35

0.10

0.74

0.94

0.41

0.85

0.41

0.20
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Table 1 (continued)

No 26 (76.5) 20(83.3) 6 (60)

Yes 8(23.5) 4(16.7) 4 (40)

Use of Beta blockers N (%) 0.56
No 30(88.2) 22(91.7) 8(80)

Yes 4(11.8) 2(8.3) 2 (20)

Alcohol in past month N (%) 0.68
No 10 (29.4) 8(33.3) 2 (20)

Yes 24 (70.6) 16 (66.7)  8(80)

High cholesterol N (%) 0.49
No 14 (41.2) 9 (37.5) 5 (50)

Unsure 2(5.9) 1(4.2) 1(10)

Yes 18 (52.9) 14(58.3) 4 (40)

High blood pressure N (%) 0.25
No 13 (38.2) 11 (45.8) 2 (20)

Yes 21(61.8) 13(54.2) 8(80)

Diabetes N (%) 0.35
No 27 (79.4) 18 (75) 9 (90)

Unsure 2(5.9) 14.2) 1(10)

Yes 5(14.7) 5 (20.8) 0(0)

Table 1. Participant Baseline Characteristics. Values are presented as Mean+ SD
for continuous variables, and N (%) for categorical variables. P values were
calculated with a t-test for continuous variables and Fisher’s exact test for cat-
egorical variables comparing between control and intervention groups.

attended 13 lessons, 1 participant attended 14 lessons, 1 participant
attended 18 lessons, 1 participant attended 19 lessons, and 16 partici-
pants achieved and attended the goal of 20 lessons (n = 24; mean
attendance: 17.08 +/- 5.31 lessons). All these participants were
included in analyses, using LOCF to account for any posttest data that
were not available. As this likely reflects the reality of attendance if this
intervention was widely implemented, it was important that we evaluate
if non-perfect attendance still translates to improvement for partici-
pants, reflecting our reasoning behind the combined analyses.

3.2. Biomarkers

Inflammatory blood-based biomarkers were evaluated in partici-
pants at the beginning and end of the intervention or control (Table 2).
After correction for multiple comparisons with the Benjamini Hochberg
method, Tango participants had significantly decreased levels of IL-7,
IFN-y, TNF-a, and MCP, compared to the control group after the 12-
week trial. Intervention was associated with a 0.50 pg/mL reduction
in blood IL-7 (p = 0.003), a 1.45 pg/mL reduction in [FN-y (p = 0.011), a
0.20 pg/mL reduction in TNF-a (p = 0.011), and a 4.05 pg/mL reduction
in MCP-1 (p = 0.042). In contrast, the concentrations of all these in-
flammatory markers in control participants increased. Furthermore,
participants in the Tango group had a decline in all 6 additional in-
flammatory markers measured, although the difference scores were not
significantly different from control. Furthermore, both groups experi-
enced increases in serum amyloid protein (SAP). Decreased inflamma-
tory biomarkers post-intervention in the experimental group suggest
that Tango may help with increased blood inflammatory biomarkers
levels, which is an independent risk factor for developing AD[61].

3.3. Key behavioral measures across domains

Table 3 shows cognitive and motor test data. Participants in the
intervention group significantly improved on the FAB (p = 0.023), and
the 30 second chair stand (p = 0.018). A non-significant effect was noted
in the difference score of the Trails Making Test (d = 0.89), favoring the
intervention group. More Tango participants improved or maintained
(decreased or no change) number of errors performed during the inhi-
bition condition in the Color Word Interference Task compared to con-
trols (p = 0.031). A small-moderate, non-significant effect (d= —0.24)
was observed in body position spatial task also favoring the intervention
group. Although both groups demonstrated increased Tower of London
(TOL) Total Achievement Scores, Tango participants had reduced
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Table 2
Pre-test, post-test and change score values for Biomarkers (pg/mL) in Tango and Control groups (N Tango: 24, N Control: 10).
Pre-test Post-test Change
Tango Control Tango Control Tango Control Mean Difference  P- FDR (i/ Cohen’s D N*
(CD value m) Q¥ (95% CI)
1L-7 1.19 £1.36 1.13 £1.58 0.94 £+ 1.02 1.4 +1.53 —0.49 + 0.55+0.95 —1.04 0.003 0.005 -1.2 34
0.83 (-1.7, -0.4) (-2, -0.4)
IFN-y 11.68 + 11.18 +6.17 10.23 + 12.55 +5.59 —1.45 + 1.37+2.14 —2.82 0.011 0.009 —-1.02 34
7.03 5.85 2.99 (—4.9, -0.7) (-1.8, -0.2)
TNF- 10.71 + 10.66 + 4.54 10.26 + 10.91 +£3.63 —0.2 £ 0.56 0.42 + 0.7 —0.62 0.011 0.014 —1.03 33
o 4.67 4.42 (-1.1, -0.2) (-1.8, -0.2)
MCP- 979.67 + 843.48 + 939.62 + 896.99 + —4.05 + 21.57 £ —25.62 0.042 0.018 -0.8 34
1 355.42 288.69 353.53 310.68 30.3 36.46 (-50.3, -1) (-1.6,0)
TGF- 0.6 +1.1 0.33 £ 0.56 0.46 + 0.89 0.39 £ 0.54 —0.25 + 0.27 +£0.76 —0.52 0.053 0.023 —0.76 34
o 0.66 (-1,0 (-1.5,0)
1L-8 4.45+1.19 3.99 +£1.35 3.96 +1.1 4.54 + 0.93 —0.64 = 0.56 +1.43 -1.2 0.122 0.027 —0.47 33
2.86 (-2.7,0.3) (-1.3,0.3)
MDC 7.54 + 4.04 £1.89 6.9 +£9.73 4.6 +£1.96 —40.05 + 53.51 + —93.56 0.125 0.032 —-0.59 34
12.26 145.55 185.1 (—214.4, 27.3) (-1.4,0.2)
1L-9 170.78 + 166.26 + 166.72 + 187.83 + —-0.13 + 0.06 +0.31 —0.19 0.149 0.036 —0.56 34
53.22 52.13 48.99 65.05 0.35 (-0.5,0.1) (-1.3,0.2)
IL-10 5.46 + 1.42 5.45+ 1.9 5.26 + 1.24 5.87 +1.77 —0.45 + 0.25+1.65 -0.7 0.397 0.041 —0.32 34
2.33 (-2.4,1) (-1.1, 0.4)
CRP 0.35 £ 0.37 0.4 + 0.61 0.27 £ 0.32 0.41 £ 0.25 —0.08 + 0.01 +0.44 —-0.09 0.581 0.045 —0.26 34
0.27 (-0.4,0.2) (-1, 0.5)
SAP 0.27 £ 0.1 0.28 £+ 0.08 0.28 £ 0.12 0.31 + 0.07 0.02 £+ 0.06 0.02 £ 0.1 —0.01 0.764 0.050 -0.11 34
(-0.1,0) (-0.9, 0.7)

Table 2. Pre-test, post-test, and change score values for Biomarkers in Tango and Control groups. P-values were generated using an independent t-test comparing
difference scores from pre to post-intervention between treatment and control groups. All biomarker values are presented in mean (pg/ml) +/- SD .

* The Benjamini-Hochberg procedure was performed for p-value correction (FDR = 0.05). The overall a level was 0.05, but each individual P value was compared with
its Benjamini-Hochberg critical value, (i/m)Q, where i is the rank, m is the total number of tests, and Q is the false discovery rate chosen to be 0.05. The largest P value
that has P<(i/m)Q is considered significant. All values above it are considered significant, even if those p-values are lower than the critical values (e.g. IFN-y has a p-
value (p = 003D0.011) larger than its FDR critical value (FDR=0.009), therefore IFN-y is still considered significant[58].

N" = Number of data points available for the analysis; A data point was considered unavailable if the data points from both timepoints were missing.

Table 3
Pre-test, Post-test and Change Scores for Cognitive and Behavioral Measures in Tango and Control groups.
Pre Post Change Mean P- FDR (i/ Cohen’s N*
Difference value m) Q* D
Tango Control Tango Control Tango Control (95% CI) (95% CI)
n=24 n=10 n=24 n=10 n=24 n=10
30 S Chair Stand (no.) t 12.67 + 12.7 £ 3.3 12.75 + 114 + 0.08 + -1.3+ 1.38 0.018* 0.017 0.94 34
4.59 4.3 2.76 1.53 1.34 (0.3, 2.5) (0.1, 1.7)
Fullerton Advance Balance  32.83 & 34.8 + 33.3+ 34.2 + 0.48 + -0.6 + 1.08 0.023* 0.033 0.46 33
Scale (/40) t 4.72 5.22 6.06 5.65 2.59 1.71 (-0.3,
1.2)
TOL Total Achievement 10.12 + 9+ 10.67 + 10.7 £ 0.54 + 1.7 £2.21 1.16 0.091 0.067 0.64 34
Score (Scaled) t 1.92 1.63 1.95 1.16 1.56 (—2.51,0.2) (-0.1,
1.4)
Body position spatial test 17.67 + 15.6 + 20.29 + 15.9 + 2.6 + 0.3+7.18 -233 0.525 0.083 —0.24 34
(product score) t 11.06 6.28 9.45 5.86 10.41 (—5.04,9.69) (-1,0.5)
Corsi Blocks product Score  25.62 + 23.7 + 31.42 + 30.3 + 5.79 + 6.6 + 0.81 0.872 0.100 0.06 34
(product score) t 9.45 16.14 14.38 24.67 13.25 13.31 (—10.98,9.36) (-0.7,
0.8)
Trails making difference 44.98 + 47.87 + 38.58 + 63.19 + —6.4 £ 15.32 = 21.72 0.074 0.050 0.89 34
score (s) T 26.03 29.66 20.86 47.89 19.47 32.74 (—45.94,2.5) (0.1, 1.7)
Total Tango Control OR (95% CI)® P-value®
n = 34N (%) n =24 N (%) n=10N (%)
Inhibition Raw Total Errors 0.14 (0.03, 0.81) 0.031*
Decrease in errors/no change 26 (76.5) 21 (87.5) 5(50)
Increase in errors 8(23.5) 3(12.5) 5 (50)

Table 3. Pre-test, post-test and change score values for Cognitive and Behavioral Measures in Tango and Control groups. Values presented as Mean +/- SD. Independent
t tests were used for normally distributed variables, and the Mann-Whitney U test was used for FAB score. CWIT variables were transformed to categorical variables by
performing a split between performance that indicated response to intervention versus non-response, post-intervention. "Increase": Change from Pre-test to post-test
larger than 0; "Decrease/no change": change from pre-test to post-test lower than or equal to 0.  Difference between the average change of Tango group and the
average change of the control group. "0dds ratio for the association between change of outcome variables and treatment group (reference = Control). °P values are
obtained from Fisher’s exact test. * The Benjamini-Hochberg procedure was performed for p-value correction (FDR = 0.1). The overall FDR level was 0.1, but each
individual P value was compared with its Benjamini-Hochberg critical value, (i/m)Q, where i is the rank, m is the total n umber of tests, and Q is the false discovery rate
chosen to be 0.1. The largest P value that has P<(i/m)Q is considered significant[62]. N* = Number of data points available for the analysis. T Variables indicating
better performance with a higher value.
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increases in this score compared to controls demonstrated with a large,
non-significant effect (d = 0.64).

Overall, the Tango group demonstrated improvement or mainte-
nance in all functional measures except the TOL, and showed no dete-
rioration in the FAB and 30 s chair stand; therefore, these behavioral
tests should further be investigated in future studies to support evidence
of the benefits following an Adapted Tango intervention to B/AA in-
dividuals at risk for AD.

Although the key measures across important domains of functions
discussed above were selected for hypothesis testing, additional evalu-
ations not subject to hypothesis testing were performed to expand our
previous battery of tests to include cognitive, motor and psychosocial
function measures not previously explored in a dance intervention with
the stated purpose. Table 4 shows means, variability and effect sizes of
performance on these additional motor and cognitive tests at pre-test
and post-test and results from the administration of psychosocial ques-
tionnaires. Little change was observed from pre to post in several mea-
sures of motor and cognitive function in both groups, including gait
speed and distance walked in 6 min in both groups. Trends (d =
0.39-0.61) were observed in depression and stress with the control
group showing less stress after 12 weeks. Among the 16 caregivers, the
control group had a large positive effect in Caregiver Burden (d = 0.69).
Large positive effects in Role Captivity, Caregiver confidence, and
Deprivation of Intimate Exchange were observed in participants in the
intervention group.

3.4. Satisfaction with tango

16 participants completed the exit questionnaire regarding satisfac-
tion with the Tango classes. Most participants (n = 13) strongly agreed
that they enjoyed participating in the program. 14 participants strongly
agreed they would continue participating if possible. Most participants
somewhat or strongly agreed that their balance, walking, mood, coor-
dination, and endurance had improved. Half of the participants some-
what or strongly agreed that their strength had improved. Most
participants somewhat or strongly agreed that they were more mentally
and physically active, post-program (Table 5).

4. Discussion
4.1. Conclusions

This Phase I randomized placebo controlled clinical trial was able to
evaluate biomarkers of inflammation as well as behavioral and motor
function in participants at high risk of AD due to family history and
social risk factors before and after an Adapted Tango dance intervention.
A significant reduction in inflammatory cytokines was observed,
including IL-7, TNF-a, IFN-y, and MCP-1, as well as intervention-
associated improvement or maintenance of participant cognition,
strength (as measured by the 30 Second Chair Stand), and balance (as
measured by the FAB test), which may represent useful candidates for
primary measures in our upcoming phase II clinical trials. These results
extend data obtained in other studies evaluating dance and exercise-
based interventions. Although little change was noted in motor and
cognitive function in both the Tango and control group for secondary
assessments, large positive effects were found in the Tango group for
some of the caregiver measures. These secondary and exploratory out-
comes of caregiver burden suggest potentially positive effects of this
dance intervention for the caregiver. However, these findings are not
definitive, and a follow up clinical trial with a larger group of caregivers
is needed to thoroughly evaluate the effects of a dance intervention on
mood and caregiver burden. The significant reductions in blood in-
flammatory biomarkers and improvements/maintenance seen in
cognitive and motor domains despite the short intervention period, in
combination with high patient satisfaction with the intervention implies
potential for an Adapted Tango based intervention for this underserved
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population.
4.2. Reception of adapted tango and attrition

While the sample size was small, the Adapted Tango intervention
was very well received as demonstrated by reasonably low participant
attrition, satisfaction questionnaires that indicated high satisfaction and
anecdotal reports. As more than 50% of the participants completed 15 or
more lessons, these high satisfaction rates support the acceptability of
the intervention. These busy caregivers had many demands on their time
and some individuals found it tough to fit in therapy, even enjoyable
therapy. Issues related to time of day or other circumstances related to
perceived or real barriers for caregivers to attend these therapies must
be investigated in future iterations of this research. However, those who
could attend and who completed the Exit questionnaire indicated they
strongly enjoyed the program, would continue if given the opportunity,
reported being more mentally and physically active and suggested they
had noticed several benefits to physical health.

4.3. Blood biomarker measures

Recent studies[13-17]° [63]° [64] demonstrate that increased
blood-based inflammatory biomarkers are correlated to the develop-
ment of AD, and that chronic inflammation imparts a risk of cognitive
decline. As blood-based biomarkers represent a low-invasive and
low-cost screen tool to monitor cerebral inflammatory activity, these
analytes are ideal for evaluation in an asymptomatic population. How-
ever, these outcomes have not been evaluated in cohorts at high risk of
AD due to caregiver burden and/or family history following a
dance-based intervention. In this pilot clinical trial of AA women with a
family history of AD, Tango participants showed decreased levels of
inflammatory cytokines - IL-7, TNF-a, IFN-y, and MCP-1 - at 12 weeks
post-test, compared to the control group. These results suggest that an
Adapted Tango intervention may be helpful in controlling or reducing
markers of inflammation in AA women with a parental history of AD.
Our trial highlights the potential cognitive, functional and physiological
benefit of dance-based intervention in larger cohorts of B/AA and White
middle age women at risk for AD.

Research has shown that disease-aggravating inflammation begins
decades prior to the appearance of cognitive decline or AD[65-67].
Indeed, results presented here suggest the modulation of a key
AD-associated neuroinflammatory pathway by Adapted Tango: specif-
ically, microglial activation induced by amyloid-p through the TNF-«
signaling pathway has been demonstrated to induce patterns of nerve
cell death found in human disease[68]. The role of TNF-a in early neural
proinflammatory processes is supported by animal models[69-72] and
human longitudinal studies of AD[71-74]. Although pharmacologic in-
terventions in late phase CNS inflammation have broadly shown no
effectiveness or been detrimental to patients[61], recent studies suggest
targeting inflammation earlier in the disease process may prevent AD
related inflammatory induced pathology[66]. Therein, programs such as
Adapted Tango, which are both well received by participants and may
reduce inflammatory burden, represent viable options for early inter-
vention prior to the onset of AD symptoms.

4.4. Effects on cognitive and motor measures

Prior research has shown improved cognitive performance and
motor function for AD patients and caregivers after participating in
dance therapies and exercise-induced interventions[19-21]. Within the
cognitive domain, our primary outcomes demonstrated promising,
albeit underpowered, results: participants in Tango demonstrated im-
provements in whole-body spatial cognition and short-term and working
memory, and reduced deterioration of executive function. Furthermore,
more participants in Tango improved or maintained (decreased or no
change) number of errors performed during the inhibition condition in
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Table 4
Additional Motor and Cognitive Testing.
Pre Post Change Mean Cohen’s D N
Difference °
Tango Control Tango Control Tango Control (95% CI) N*
n=24 n=10 n=24 n=10 n=24 n=10
Cognitive Tests
Brooks Spatial Memory Percent 71+18.57 64.8+1592 71.08+21.09 66.6+15.41 0.08+8.78 1.8+10.13 -1.72 —-0.19 34
Correct (%) t (—5.32,8.75) (—0.96,
0.58)
Tower of London
TOL Move Accuracy Ratio Scaledt ~ 8.08 +3.11 7.3+2.41 7.5+2.59 7.4+2.67 -0.58+2.36 0.1+2.08 —-0.68 —-0.29 34
(-1.07,2.43) (-1,0.5)
Motor Tests
Backward Gait Speed® t (m/s) 0.81 £0.25 0.82+0.22 0.77 £0.22 0.85+0.21 —0.04+0.15 0.03+£0.16 —0.07 (-0.19, —0.46 34
0.05) (-1.23,
0.32)
Forward Gait Speed (m/s) t 1.06 +£0.19 1.07 £ 0.16 1.05+0.21 1.12+0.16 —0.01+0.11 0.05+0.12 —0.06 —0.54 34
(—0.14, 0.03) (-1.32,
0.24)
Fast as Possible Gait Speed (m/s) 1.63+0.34 1.63+0.41 1.52+0.39 1.64+0.35 —0.11+0.27 0.02+£0.27 -0.13 —0.47 34
t (—-0.33, 0.08) (—1.24,
0.31)
6 Min Walk Test (m) t 456 + 88 464 + 75 457 + 96 470 + 83 1.1 +55.56 5.79 £53.78 —4.69 -0.09 34
(—46.9, 37.53) (—0.85,
0.68)
Timed Up and Go (TUG)
TUG Simple (s) 8.13+3.14 8.56 +1.46 8.42+3.11 8.65+1.64 0.29+0.8 0.08 +0.84 0.21 0.26 34
(—0.83,0.41) (-0.51,
1.03)
TUG Cognitive (s) 11.44+4.2 12.89 +5.08 11.43+3.3 11.56 +3.99 —0.01 £2.27 —-1.33+5.71 1.32 0.37 34
(—5.47, 2.82) (=0.4,
1.14)
Questionnaires
Center for Epidemiological 16.71 +8.90 20.40£6.35 16.71 £8.22 18.00+4.78 —0.71+6.09  0.00 = 4.65 2.4 0.39 34
Studies Depression (CESD) (—4.02, 8.82) (-0.39,
1.17)
Perceived Stress Scale Score 5.32+3.66 6.3 +4.32 5.32+2.68 4.8+3.36 0+1.93 -1.5+3.37 1.5 0.61 32
-1,4 (-0.18,
1.41)
Caregiver Questionnaires
The Zarit Burden Interview (ZBI)  43.73+18.29 33+17.31 42.73+19.11 282+11.19 -1+2.28 —4.84+9.63 3.8 0.69 16
* (—8.08, 15.68) (-0.5,
1.88)
Quality of Life Score (QOL)* 25.64 +£4.13 28.8+5.36 26 +4.63 28.4+3.91 0.36 £1.12 —0.4+2.88 0.76 0.42 16
(—2.76, 4.29) (-0.75,
1.59)
Pearlin Caregiver Stress Scales *
Deprivation of Intimate 6.46 +1.86 5.8+1.92 6.36 +£1.63 6.2+2.28 -0.09+1.3 0.4+ 0.55 —0.49 —0.43 16
Exchange Score (—1.81,0.83) (-1.6,
0.74)
Deprivation of Goals and 4.82+1.60 4.4+288 4.64+1.43 4.2+1.48 -0.184+0.98 —-0.2+1.92 0.02 0.01 16
Activities Score (—-1.51,1.55) (—-1.14,
1.17)
Role Captivity Score 4.64 +2.01 4.8+1.92 4.46 +2.02 6+1.41 -0.18+0.4 1.2+1.3 -1.38 -1.78 16
(-2.98,0.22) (-3.12,
—0.44)
Loss of Self Score 5.8+1.94 5.8+2.28 6.1 +2.21 5.8+1.1 0.27 +£0.79 0+1.41 0.27 0.27 16
(—0.89, 1.44) (—-0.89,
1.43)
Caregiving Competence Score T 6.73+2.15 5.4+1.95 7.09 £2.21 4.8+2.39 0.36 +0.67 —-0.6 +1.95 0.96 0.81 16
(—1.43, 3.36) (—-0.39,
2.01)
Management of Situation Score t  8.2+1.99 6+1.58 7+2.14 6.4+1.14 -1.18+1.47 0.4+1.52 —1.58 -1.07 16
(-3.3,0.14) (—2.29,
0.16)
Management of Meaning Score t 16.36 +5.32 15.6 £4.1 16.91+5.3 16.6 £4.51 0.55+1.37 1+235 —0.46 -0.27 16
(—2.43,1.52) (—1.43,
0.9)

Table 4. Pre-test, post-test and change score values for Behavioral Measures in Tango and Control groups. Values are presented are Mean +/- SD except as noted. ?
Values presented are the average speed of three trials for gait variables. ® Difference between the change on average of the tango and control groups. N* Number of data
points available for the analysis; a data point was considered unavailable if the data points from both timepoints were missing. *Surveys completed only by caregivers
in the study (n=16). t Variables indicating better performance with a higher value. Those variables without notation indicate a worse performance with a higher
value.
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Table 5
Frequency table for Exit questions for participants in Tango group. .

Cerebral Circulation - Cognition and Behavior 2 (2021) 100018

Exit Questions (n=16) Strongly Agree Somewhat Agree
n (%) n (%)
1 enjoyed participating in this program 13 (81.2) 3(18.8)
My balance has improved 7 (43.8) 6 (37.5)
My walking has improved 5(31.2) 5(31.2)
My mood has improved 8 (50) 2 (12.5)
My coordination has improved 5(31.2) 7 (43.8)
My strength has improved 4 (25) 4 (25)
My endurance has improved 6 (37.5) 3(18.8)
If I could, I would continue participating 9 (56.2) 5(31.2)
I have been more physically active 8 (50) 4 (25)
1 have been more mentally active 9 (56.2) 6 (37.5)

Neither Agree nor Disagree Somewhat Disagree Strongly Disagree

n (%) n (%) n (%)
0 (0) 0 (0) 0(0)
3(18.8) 0 (0) 0(0)
6 (37.5) 0 (0) 0(0)
6 (37.5) 0 (0) 0(0)
4 (25) 0(0) 0(0)
8 (50) 0(0) 0(0)
7 (43.8) 0(0) 0(0
1(6.2) 0 (0) 1(6.2)
4(25) 0(0) 0(0)
1(6.2) 0 (0) 0 (0)

the Stroop Color Word Interference Task compared to controls. Indeed,
improvements in attention and processing speed, as well as executive
function and memory improvement, are a common feature of
exercise-based interventions[75], and duration of exercise is essential
for benefit. Improvements in spatial cognition and executive function
have previously been reported for individuals with PD following
Adapted Tango[29]. Therefore, interventions such as Adapted Tango,
which are well enjoyed by participants, have low rate of discontinua-
tion, and demonstrate effects within cognitive domains present an
important opportunity for risk reduction. Indeed, other dance in-
terventions for older sedentary adults such as BAILAMOS[76] suggest
improvements in memory, attention, and focus[77] while individuals
with MCI enrolled in a 10-month ballroom dancing program improved
in thinking and memory. Additional dance-based interventions are
being evaluated[78].

With more studies showing the benefits of motor interventions for
familial caregivers caring for a relative with dementia[21], this is the
first clinical study to conduct a dance intervention in B/AA woman fa-
milial AD caregivers who are at risk of developing AD due to numerous
factors. These pilot data suggest improvements or maintenance of motor
function within the functional domains of strength and balance, as
demonstrated by the FAB and 30 second chair stand tests. Within our
secondary outcome measures, including gait speed and distance, our
results showed little change from pre to post intervention in measures of
motor and cognitive function in both the Tango and control groups.
These data mirror motor function results obtained following Adapted
Tango intervention in individuals with PD; individuals completing an
Adapted Tango program experience improvements in balance and motor
experiences of daily living as evaluated by the Unified Parkinson’s
Disease Rating Scale score[79], and these outcomes are maintained for
at least one month[80]. Indeed, as compared to other dance in-
terventions such as ballroom dancing, which have described benefits for
cognitive function, Adapted Tango may provide additional motor ben-
efits[27].

4.5. Effects on psychosocial measures and measures of caregiving burden

Sixteen participants were current caregivers, limiting the scope of
analyses for this population but allowing exploratory analysis of this
subgroup. Posthoc tests were assessed to determine the potential impact
of Adapted Tango on caregiver burden and quality of life. The sample
size was small and therefore these results require further investigation.
The control group reported decreased stress and depression, as well as a
large positive effect in Caregiver Burden per the Zarit Burden Interview
after 12 weeks. However, the Tango group showed large positive effects
in Role Captivity, Caregiver confidence, and Deprivation of Intimate
Exchange. Previous literature has supported that dance interventions are
a therapeutic treatment in improving the quality of life of patients of AD
and their caregivers[19]. Furthermore, exercise interventions have
shown beneficial impacts on perceived caregiver burden[21]. Although
our Tango group did not show large positive effect in cumulative care-
giver burden post intervention, the large positive effect in Role

Captivity, Caregiver confidence, and Deprivation of Intimate Exchange
displays some of the positive effects of this dance intervention for the
caregivers. To more thoroughly investigate caregiver burden, stress, and
quality of life, future studies should be conducted using a large sample
size of caregivers.

4.6. Limitations

This pilot’s sample size was small and therefore underpowered;
however, these effects will be used to power a future Phase II trial with a
larger sample. Additionally, compared to other exercise-based in-
terventions, our Adapted Tango intervention was relatively short;
although similar to durations for other populations that have been
investigated in the context of dance rehabilitation. Future studies should
look at longer durations of Adapted Tango, e.g., 6 months, or one year,
in this population. Lastly, prior studies of dance therapies[26-29] have
identified lasting effects following cessation of intervention; future
evaluations of Adapted Tango in B/AA at risk for AD and/or caregivers
should implement testing post-intervention to identify the length of
effect.
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