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Abstract

Objective: To investigate the association of a 6-month Zumba intervention with cognition and quality of life among older
cognitively unimpaired apolipoprotein ¢4 (APOE4) carrier and noncarrier women. Methods: Fifty-three women were randomly
assigned to either twice-weekly Zumba group classes or maintenance of habitual exercise (control group) for 6 months. At
baseline, 3, and 6 months, all participants underwent neuropsychological, physical activity, and quality-of-life assessments.
Results: Overall, neuropsychological test scores and level of physical activity did not differ between intervention and control
groups at any time. However, compared to the control group, quality of life was higher at 3 months, and visuospatial working
memory and response inhibition improved more in the intervention group by 6 months. Apolipoprotein €4 status did not affect
the results. Discussion: Zumba may strengthen performance on visuospatial working memory among cognitively unimpaired
older women but this needs to be tested in a larger clinical trial.
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who carry apolipoprotein €4 (APOE4) alleles, a common
genetic risk factor for late-onset AD, are likely to benefit
from exercise more, less, or the same as those without this
genetic susceptibility.'>'*!7>3

It has also been discussed in the literature that cognitive
engagement during physical exercise (often referred to as

Introduction

A large body of research in cognitively unimpaired elderly
persons suggests that physical exercise has a positive effect
on cognitive function. For example, although one meta-
analysis failed to show evidence for a beneficial effect of
aerobic exercise on cognitive function,' several meta-
analyses including randomized controlled trials provide sup-
port for a beneficial effect of physical activity on cognitive
function with effect sizes ranging from small to moderate.>®
Furthermore, various prospective cohort studies have shown
that physical activity is associated with a decreased risk of
incident cognitive impairment.”'* Exercise engagement has
also been associated with fewer alterations of neuroimaging
biomarkers that may be indicative of Alzheimer’s disease
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(AD) pathology in older cognitively unimpaired adults.'*'®
There are conflicting data regarding whether individuals
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gross-motor cognitive training) might be a potential factor
influencing the association between exercise activity and cog-
nitive function.”* For example, French researchers reported
greater improvement of cognitive function after combined
aerobic and mental training as compared to either aerobic or
mental training alone,” and investigators from Germany
observed a significant effect on both physical and cognitive
outcomes after combined physical and cognitive training in
older adults.?® A recent meta-analysis found that combining
physical and cognitive activity in older unimpaired adults was
associated with greater cognitive improvement than control
conditions and the effects tended to be more pronounced for
studies using simultaneous versus sequential designs.?’
Another systematic review and meta-analysis of mind—body
exercise demonstrated that tai chi and dance, in particular, were
associated with improved global cognition, cognitive flexibil-
ity, working memory, verbal fluency, and learning in cogni-
tively intact or impaired older adults compared to controls.*®
One study examined the effects of a “specially designed aero-
bic dance routine” on cognition in patients with mild cognitive
impairment (MCI) and found greater improvements in memory
and processing speed at 6 months in those who did the 3-month
intervention compared to the usual care control group.?’
Finally, research has shown that a 16-week dance activity pro-
gram is also associated with increased engaging social activity
in older adults and can be regarded as a promising alternative to
traditional exercise programs to support successful aging.*
Therefore, it is important to further investigate the cognitive
effects of physical activity that merges both physical and men-
tal stimulations and to focus on not only cognitive but also
clinically significant outcomes such as quality of life.>* Also,
the previous studies did not quantify the level of physical activ-
ity in the intervention and control conditions in order to sepa-
rate the effects of exercise from the mentally stimulating
activity.

In this study, we investigated whether a type of aerobic
exercise (Zumba) that repetitively engages visuospatial work-
ing memory and response inhibition to master the ever-
changing dance steps might improve performance on tests that
measure these domains of executive function. Zumba, which
involves Latin-inspired dance in a group/social setting, has
gained popularity in the past 10 years.’' Reported positive
effects of Zumba on physical health include muscular
strength, > trunk strength endurance and balance,>* aerobic/
cardiovascular fitness,*>>” body composition,®>” inflamma-
tory biomarkers,>> and pain.*®*® In addition, a few studies
reported beneficial effects on mental health, such as quality
of life,**> purpose in life,>* and intrinsic motivation to exer-
cise.’” Uncontrolled, brief feasibility studies have also been
conducted among patients with diabetes and/or metabolic syn-
drome®’>? and patients with Parkinson disease,*® suggesting
that Zumba is safe, enjoyable, and associated with learning the
dance steps and improved activity levels or physical fitness in
these clinical populations.

Although Zumba might provide a unique opportunity to
study aerobic exercise that also engages visuospatial memory,

we are unaware of any published data examining the impact of
Zumba on cognition. Therefore, in this pilot study, we com-
pared cognitive test performance over time and, in particular,
change in measures of visuospatial working memory and
response inhibition between cognitively unimpaired women
exposed to 6 months of twice-weekly, 60-minute Zumba group
classes (intervention group) and those instructed to maintain
their habitual physical activity (control group). The rationale
for a 6-month, twice-weekly, 60-minute class was derived from
the meta-analysis by Colcombe and Kramer who reported that
interventions with longer (>6 months) versus shorter durations,
and sessions with longer (>45 minutes) versus shorter dura-
tions had greater effect sizes with regard to cognitive function.’
We expected Zumba practice to be associated with improve-
ments in measures of cognitive function, particularly visuospa-
tial working memory, as a main characteristic of Zumba is the
combination of aerobic exercise with memory challenges,
which might make this type of exercise uniquely positioned
to impact cognitive function. In addition, we predicted Zumba
to be associated with improved measures of quality of life.
Lastly, we explored the association of Zumba with changes
in other measures of executive function and memory and
whether outcomes were influenced by APOE4 carrier status.
We monitored potential changes in self-reported physical exer-
cise and body composition among baseline, 3-month, and
6-month assessments.

Methods
Participants

Participants were cognitively unimpaired women aged 55 to
80 years. They were recruited from the community via a com-
munity registry, flyers, and a pool of individuals who had pre-
viously expressed interest in participating in our ongoing
prospective observational study of cognitively unimpaired
APOE4 homozygotes, heterozygotes, and noncarriers,*' but
who had not yet participated in longitudinal neuropsychologi-
cal testing. To determine eligibility for study participation,
individuals were screened using a complete medical history,
the Folstein Mini-Mental State Examination (MMSE),** and
the Hamilton Depression Rating Scale (HAM-D).** Individuals
with MMSE scores <28; HAM-D scores >10; and with signif-
icant medical, psychiatric, neurological illnesses, substance
abuse, and cognitive complaints or impairment were excluded
from the study. Persons were also excluded if they were taking
psychoactive medication that might clinically impair cognition
(eg, narcotics) or improve cognition (eg, memantine or choli-
nesterase inhibitors or stimulants) or had previously engaged in
regular Zumba. All participants underwent APOE genotyping
using standard methods and with the understanding that they
would not receive information about their APOE genotype sta-
tus. All participants gave written informed consent, and the
study was approved by the Mayo Clinic institutional review
board and registered with clinicaltrials.gov (ID #
NCTO01012791).


http://clinicaltrials.gov
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Table I. Overview of Neuropsychological Tests.

Test

Assessed Domains

Outcome Measure

Groton Maze Learning Test (GMLT)

One-card learning (OCL)

Visuospatial working memory, error monitoring,
information processing speed, short-term
delayed recall for a complex hidden maze

Visual recognition memory and learning

Total errors (higher score
indicates poorer performance)

Accuracy (higher score indicates

Two-back test
Set-shifting (SETS)
Continuous paired associate learning (CPAL)

Delis-Kaplan Executive Functioning System (DKEFS)
Color-Word Interference Test (includes subscores
of color naming time, word reading time, inhibition
time, inhibit/switch time)

Delis-Kaplan Executive Functioning System (DKEFS)
Sorting Test

Trail-making Test (TMT) parts A and B

Rey’s Auditory Verbal Learning Test (AVLT)
long-term memory score

Working memory, attention
Impulsivity, inhibition
Visual learning and memory

Executive functioning

Executive functioning
Visual attention, task switching

Verbal memory

better performance)

Accuracy (higher score indicates
better performance)

Accuracy (higher score indicates
better performance)

Accuracy (higher score indicates
better performance)

Time to completion (higher score
indicates poorer performance)

Correct sorts (higher score
indicates better performance)
Time to completion (higher score

indicates poorer performance)
Number of words recalled at 30

minutes delay (higher score

indicates better performance)

Study Design

We conducted a 2-group randomized controlled pilot study;
enrolled individuals were randomized in a 1:1 ratio to either
the Zumba intervention group or control group (maintain habi-
tual physical activity), and randomization was stratified by
APOE4 status. All participants received written educational
material about memory loss, stress management, healthy diet
and physical activity, alcohol consumption, and smoking. Par-
ticipants in the control group were encouraged to maintain their
regular physical activity program consisting of any exercise
that did not include dance or Zumba, such as walking, swim-
ming, or biking. They were further asked to communicate reg-
ularly with the study coordinator and report on their
engagement in physical activity using weekly exercise logs,
with the intention to (1) motivate participants to maintain their
habitual physical activity program and (2) to monitor the type
of exercise being done.

Zumba Intervention

Participants in the intervention group were enrolled in a twice-
weekly Zumba group class for 6 months, with the goal of
completing at least 40 sessions with a duration of 60 minutes
per session. Zumba classes were offered at several locations in
metropolitan Phoenix, Arizona. Study participants joined
classes offered to the general public with typically 15 to 20
individuals per class, although often only 1 study participant in
any given class. However, all classes were taught by certified
Zumbea instructors who followed guidelines specifically devel-
oped for this study to ensure that the classes were equivalent in
number and type of dance moves. We required that the classes

not include variations such as more rigorous adding of weights
or the slower paced “Zumba Gold” variety of Zumba. Each
class typically involved following the instructor performing
dance and aerobic movements, which variously incorporated
simple elements of samba, salsa, merengue, mambo, hip-hop,
squats, or lunges, performed to music. The first Zumba routine,
approximately 5 minutes, was a slower, warm-up, and the last
5 minutes involved cooldown and stretching. Similar to the
control group, participants in the intervention group kept a
weekly log of hours and type of exercise they were doing,
which was sent to the study coordinator each week.

Neuropsychological Assessment

At baseline, 3, and 6 months, participants from both groups
underwent an extensive battery of neuropsychological tests
(Table 1). The primary outcome measure was the Groton Maze
Learning Test (GMLT)* total errors, which assesses visuospa-
tial memory and executive function using a maze learning
paradigm. In this task, the participant is shown a 10 x 10 grid
of boxes on a computer screen. A 28-step pathway is hidden
among these 100 possible locations. Each box represents move
locations, and the grid refers to the box array (ie, 10 x 10).
Participants are required to find the hidden pathway guided by
4 search rules. These rules are do not move diagonally, do not
move more than 1 box (ie, do not jump), do not move back on
the pathway, and return to the last correct location after an
error. At each step, only the most recently selected box is
shown. Feedback is given with visual and auditory cues to
indicate whether the selected box is correct or incorrect. The
primary outcome is total number of errors made in attempting
to learn the same hidden pathway over 5 consecutive trials.
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97 subjects screened

A 4

25 not randomized

- 10 did not meet inclusion criteria for medical
or medication reasons

— 5did not meet inclusion due to previous
participation in Zumba

— 4 not interested in Zumba
(preferred to do home based program only)

— 6 unable to come for the required visits or
classes due to distance, work, or vacation plans

72 subjects randomized

v

v

36 in Zumba group
(twice weekly classes for 6 months)

36 in Control group
(home-based exercise program for 6 months)

+

\

3 withdrew prior to baseline assessment
(1 due to back pain; 2 for personal reasons)

5 withdrew prior to baseline assessment
(3 due to disappointment with randomization result;
2 for personal reasons)

¥

¥

33 in Zumba group completed baseline assessment

31 in Control group completed baseline assessment

\d

¥

3 withdrew prior to follow-up assessments
(1 due to knee injury; 2 for personal reasons)

1 due to driving distance being too far; 4 for personal reasons)

8 withdrew prior to follow-up assessments
(3 due to disappointment with randomization result;

\

\

30 in Zumba group

23 in Control group

Figure |. Disposition of participant enroliment.

Other computerized cognitive tests (http://cogstate.com)
included one-card learning task (OCL), 2-back task, set-
shifting task (SETS), and continuous paired associate learning
task (CPAL). We chose these tests, in part, due to their demon-
strated minimal practice effect with repeated testing and
because they were previously validated as reliable measures
of cognitive change in older healthy individuals.*> Noncompu-
terized tests included Delis-Kaplan Executive Functioning Sys-
tem (DKEFS) Color-Word Interference Test, Sorting Test, and
Verbal fluency test*®; Trail-making Test parts A and B*’; and
Rey’s Auditory Verbal Learning Test,*® using alternate forms
at 3 and 6 months to minimize practice effect.*” Test adminis-
tration was randomized for either the noncomputerized tests
first or the computerized tests first. Examiners were blind to
the participant’s group and APOE status. Immediately prior to
the testing session, the study coordinator reminded each parti-
cipant that they should not share their group assignment with
the psychometrist.

Additional Measurements

At baseline, 3, and 6 months, participants in both groups com-
pleted the Short-Form Health Survey (SF-36)°° and the

Community Healthy Activities Model Program for Seniors
(CHAMPS) physical activity questionnaire for older adults.”’
The SF-36 is a quality-of-life measure of general physical and
mental health. The CHAMPS surveys information about fre-
quency and time spent doing all types of physical activities
over the previous 4-week period and measures both total time
and intensity of physical exercise. We calculated kcal/wk for
total exercise and kcal/wk for exercise with at least moderate
intensity using CHAMPS. Furthermore, all participants had
their body weight and height measured at baseline, 3, and
6 months and underwent an objective measure of aerobic fit-
ness (6-minute walk test)**>> at baseline. Finally, participants
in the intervention group were asked to rate Zumba class in
terms of “enjoyment of Zumba class,” “ability to follow dance
moves,” and “feeling it was a good work-out™ at the end of each
week (ordinal scale of 1-5, higher score indicating more posi-
tive subjective feeling).

Statistical Methods

Groton Maze Learning Test total errors postintervention (at 6
months) was chosen as the primary outcome measure due to
our hypothesis that the unique combination of both physical


http://cogstate.com
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Table 2. Comparison of Baseline Characteristics for Participants
With Follow-Up Data.

Zumba Control P
N 30 23
Age (years), mean (SD) 63.1 (6.0) 63.6 (6.6) .80°
APOE4 carrier 9 (30%), | e4 13 (57%), | ¢4  .05°
homozygote homozygote
Weight (kg), mean (SD) 72 (11) 71 (13)  79°
BMI (kg/m?), mean (SD) 28.0 (5.0) 27.8 (4.2) .89°
Total exercise (1000 11.6 (6.8) 1.6 (10.2) >.99°
kcal/wk), mean (SD)
Moderate exercise (1000 6.7 (6.4) 7.1 (6.9) 8l1?
kcal/wk), mean (SD)
GMLT total errors, mean 72 (35) 69 (22) 73
(SD)
DKEFS inhibition, mean 57 (15) 584 (84) .74
(SD)
DKEFS sorting, mean (SD) 10.0 (2.9) 9.8 (26) .79°
TMT-B, mean (SD) 71 (28) 71 (25) 93"
OCL accuracy, mean (SD)  0.751 (0.073)  0.744 (0.081) 757
SETS accuracy, mean (SD) 0.78 (0.11) 0.78 (0.10), .82°
[N=19] N =14
CPAL accuracy, mean (SD) 0.56 (0.20) 0.57 (0.18) .85°
Two-back accuracy, mean 0.87 (0.12) 0.85 (0.13) 517
(SD)
AVLT long-term memory, 9.7 (3.6) 11.0 (2.4) A4
mean (SD)
SF-36 PCS, mean (SD) 53.8 (3.3) 52.8 (4.1), 33
N =22
SF-36 MCS, mean (SD) 55.9 (4.6) 534 (7.9), .16
N =22

Abbreviations: APOE, apolipoprotein E; AVLT, Rey’s Auditory Visual Learning
Test; CPAL, Continuous Paired Associate Learning; DKEFS, Delis-Kaplan
Executive Functioning System; GMLT, Groton Maze Learning Test; MCS,
mental composite score; OCL, one-card learning (visual continuous learning);
PCS, physical composite score; SD, standard deviation; SETS, set-shifting;
SF-36, Short-Form Health Survey; TMT, trail-making test B.

P value based on 2-tailed 2-group t test.

PP value based on 2-tailed Pearson y? test.

and cognitive engagement in Zumba exercise and the need for
participants to learn and memorize the changing dance steps
might especially benefit spatial working memory and error
monitoring. Mean baseline levels were compared using the
2-sample ¢ test. Mean scores were compared between groups
at 6 months using analysis of covariance to adjust for the corre-
sponding baseline scores. For participants who did not complete
the 6-month assessment (N = 2 in the intervention group; N = 3
in the control group), the 3-month assessment was used in the
primary analysis. Each outcome was also analyzed using a
responder definition approach in which a Pearson > or Fisher
exact test was used to compare, between arms, the proportion of
women whose score improved by a half standard deviation (SD)
of the baseline scores at the 6-month time point (or 3-month time
point if no data were provided at the 6-month time point). A half
SD of the baseline scores is commonly used as a clinically mean-
ingful difference between groups, which is a medium effect size
based on the work of Cohen.”* Norman and colleagues” showed
that this effect is applicable to patient quality-of-life survey data

in a wide variety of studies, so much so that they described it as
remarkably universal. The effect of Zumba in APOE4 carriers
was compared to the effect of Zumba in APOE4 noncarriers by
using a multiple logistic regression model with terms for treat-
ment, APOE4 type, and the treatment-by-type interaction. Prac-
tice effects were assessed by calculating the change from
baseline in the control group with statistical significance based
on a paired ¢ test. The analyses included all participants who
provided follow-up data, regardless of compliance with the treat-
ment regimen or the number of follow-up visits.

The study was designed as a pilot study to capture feasibility
data and provide a preliminary estimate of the impact of Zumba
on a variety of outcomes. As such, the study was not powered
to detect small-to-moderate effects. Specifically, for a 2-sided
o = .05, 2-sample ¢ test with 30 participants in the intervention
and 23 participants in the control group, this study had 80%
power to detect a 0.74 SD effect-size difference between
groups in the primary end point (a moderate-to-large effect).
Given the pilot nature of this study, P values <.05 were con-
sidered statistically significant throughout without adjustment
for multiple testing, with the understanding that significant
effects would be tested in a subsequent randomized trial.

Results

A total of 97 participants were screened and 72 were randomized
to either Zumba intervention group or control group (Figure 1).
Six women in the intervention group and 13 in the control group
withdrew prematurely and without providing primary follow-up
data, so the final analysis included 30 women in the intervention
group and 23 women in the control group.

Demographics at Baseline

All baseline characteristics were well balanced between groups
when comparing participants with baseline data, regardless of
dropouts. No significant differences between control and inter-
vention groups were found for age, ethnicity, race, diabetes,
hypertension, family history of AD, depression score, MMSE,
smoking, marital status, or education. After dropouts, there
were more APOE4 carriers in the control group (P = .05), but
groups otherwise remained well balanced for all other charac-
teristics, including neuropsychological test scores and physical
exercise. None of the 10 SF-36 measures differed between
groups at baseline, with the exception of bodily pain (Zumba
group reported higher quality of life for bodily pain, P = .04;
data not shown). Most dropouts occurred before the 3-month
follow-up, and the number of participants at 3 and 6 months
was similar. Baseline characteristics for participants with
follow-up data are displayed in Table 2.

Zumba and Physical Exercise Adherence and Body
Composition

Attendance and rating of Zumba class. The median number of
attended Zumba classes per week in the intervention group was
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Table 3. Comparison of Mean Scores at 6 Months or Last Follow-Up Between Intervention and Control Groups.

Zumba Control A 95% Cl P

N 30

Total exercise (1000 kcal/wk) 1.7 9.9 1.8 —1.5t05.2 .28°
Moderate exercise (1000 kcal/wk) 7.0 54 1.7 —0.9 to 4.2 .19?
Exercise (h/wk) from weekly log® 4.77 (2.77) 3.97 (2.16), N =22 0.8l —0.62 to 2.24 26°
Zumba (h/wk)® 1.76 (0.84) 0.00 (0.00), N = 22 1.76 NA NA
GMLT total errors 6l 2.0 (0.07)¢ —7.1to 12 .59°
DKEFS inhibition 51.8 55.0 —3.3 (0.26)° —8.6to 2.1 0.23*
DKEFS sorting 12.7 10.7 2.0 (0.72)¢ —0.7 to 4.7 220
TMT-B 62 ~2.0 (0.07)° ~llto7.l 67
OCL accuracy 0.75 0.74 0.01 (0.13)¢ —0.03 to 0.05 617
SETS accuracy 0.8l 0.76 0.05 (0.47)¢ —0.01 to 0.11 .08?
CPAL accuracy 0.57 0.60 —0.03 (0.16)° —0.14 to 0.08 617
Two-back accuracy 0.88 0.90 —0.02 (0.16)° —0.07 to 0.04 61°
AVLT long-term memory 1.7 10.9 0.9 (0.29)° —0.3to 2.1 .15?
SF-36 PCS 533 5LLI,N=22 2.1 (0.57)° —0.8t0 5.0 157
SF-36 MCS 54.1 53.1,N =22 1.0 (0.16)° —1.9t0 3.9 507

Abbreviations: APOE, apolipoprotein E; AVLT, Rey’s Auditory Visual Learning Test; Cl, confidence interval; CPAL, Continuous Paired Associate Learning; DKEFS,
Delis-Kaplan Executive Functioning System; GMLT, Groton Maze Learning Test; MCS, mental composite score; NA, not applicable; OCL, one-card learning (visual
continuous learning); PCS, physical composite score; SD, standard deviation; SETS, set-shifting; SF-36, Short-Form Health Survey; TMT, trail-making test B.

P value based on 2-tailed analysis of covariance comparison adjusting for the corresponding baseline score.

PP value based on 2-tailed 2-group t test.
“Effect size based on pooled baseline SD.

9No baseline data. Values represent the mean (SD) at 6 months or last follow-up if participant did not provide data at 6 months.

Table 4. Comparison of Improvement (>0.5 SD) in Outcome Measures Between Baseline and 6-Month or Last Follow-Up.

Zumba Control A 95% ClI P

N 30 23

Total exercise change >4200 kcal/wk 6 (20%) 3 (13%) .07 —0.12 to0 0.27 720
Moderate exercise change >3000 kcal/wk 8 (27%) 2 (9%) .18 —0.03 to 0.38 .16?
GMLT total errors change <—15 15 (50%) 5 (22%) .28 0.04 to 0.53 04°
DKEFS inhibition change <—6.3 13 (43%) 4 (17%) .26 0.02 to 0.49 04°
DKEFS sorting change >1.4 16 (53%) 7 (30%) 23 —0.03 to 0.49 10°
TMT-B change <—13 8 (27%) 7 (30%) —.04 —0.28 to 0.21 76°
OCL accuracy change >0.038 13 (43%) 7 (30%) 3 —0.13 to 0.39 34°
SETS accuracy change >0.053 6/19 (32%) 3/14 (21%) .10 —0.20 to 0.40 707
CPAL accuracy change >0.094 10 (33%) 8 (35%) —.0l —0.27 to 0.24 91°
Two-back accuracy change >0.062 9 (30%) 7 (30%) —.004 —0.25 t0 0.25 97°
AVLT long-term memory change >1.6 14 (47%) 7 (30%) .16 —0.10 to 0.42 23°
SF-36 PCS change >1.8 8 (27%) 6/22 (27%) —.0l —0.25 to 0.24 96°
SF-36 MCS change >3.1 5 (17%) 2/22 (9%) .08 —0.10 to 0.26 .68°

Abbreviations: APOE, apolipoprotein E; AVLT, Rey’s Auditory Visual Learning Test; Cl, confidence interval; CPAL, Continuous Paired Associate Learning; DKEFS,
Delis-Kaplan Executive Functioning System; GMLT, Groton Maze Learning Test; MCS, mental composite score; OCL, one-card learning (visual continuous
learning); PCS, physical composite score; SD, standard deviation; SETS, set-shifting; SF-36, Short-Form Health Survey; TMT, trail-making test B.

P value based on 2-tailed Fisher exact test.
PP value based on 2-tailed Pearson y? test.

2. Classrating in the Zumba group (scale of 1 [not at all] to 5 [very
much]) over the 26 weeks was generally high for enjoyment of
Zumba class (mean 4.18, SD 0.74), ability to follow dance moves
(mean 3.83, SD 0.56), and feeling it was a good workout (mean
4.42, SD 0.58). No participant of the control group reported
having attended a Zumba class during the study.

Physical exercise and body composition. There were no statistically
significant differences at any time point between groups in

physical exercise as measured by CHAMPS or number of hours
per week of exercise reported on the weekly logs (Table 3).
Neither group increased mean exercise from the baseline mean
at last follow-up. Also, there were no significant differences in
weight or body mass index (BMI) at any time point between
groups. However, change in weight was different between
groups at 3 months (mean change —1 kg for the Zumba group
vs 0.6 kg for the control group, P = .01) but did not persist at 6
months.
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Major Findings: Intervention Group Versus Control Group

Neuropsychological tests. There was no significant difference in
neuropsychological test scores between intervention and con-
trol groups at any time (refer to Table 3 for a comparison of
mean scores at 6 months or last follow-up). However, the per-
centage of women with more than a 0.5 SD (15 points)
improvement in GMLT total errors score at 6 months or last
follow-up was substantially higher in the intervention group
than in the control group (P = .04; Table 4) and remained
statistically significant even when considering all randomized
participants without data to be nonresponders (15/36 GMLT
responders in the Zumba group vs 5/36 GMLT responders in
the control group; P = .03). Likewise, the percentage of women
with more than a 0.5 SD (6.3 seconds) improvement in the
DKEFS color-word interference inhibition score was signifi-
cantly higher for the intervention group than for the control
group (P = .04). We did not see a difference in the rate of
improvement between groups for any other test (Table 4).
We did not observe a significant difference between groups
in worsening of score for any neuropsychological test. Neither
the GMLT total error scores nor the DKEFS inhibition scores
showed less of a practice effect in the control group than the
other measures of executive cognitive function.

Interaction with APOE4. There was no evidence of interaction
between intervention group and APOE genotype. Among
APOE4 carriers, 4 (44%) of the 9 women in the Zumba group
improved more than 15 points in the GMLT total error score
compared to 2 (15%) of the 13 in the control group. Among
APOE4 noncarriers, such improvement in GMLT score
occurred in 11 (52%) of the 21 Zumba group participants com-
pared to 3 (30%) of the 10 in the control group (interaction
P = .68, APOE4 effect P = .41). Similarly, the percentage of
women scoring more than 6.3 seconds faster at 6 months or last
follow-up in DKFES inhibition was 29 percentage points
higher in the Zumba group than the control group for APOE4
carriers versus 23 percentage points higher in the Zumba group
than the control group for APOE4 noncarriers (interaction
P = .78, APOEA4 effect P = .92).

Quadlity of life. Several of the quality-of-life measures (SF-36)
differed significantly between groups at 3 months: physical
functioning (pooled SD = 15.5, P = .02), role-physical (pooled
SD =17.3, P = .004), bodily pain (pooled SD = 17.8, P = .02),
vitality (pooled SD = 15.6, P = .01), social functioning
(pooled SD = 18.5, P = .002), role emotional (pooled SD =
17.8, P = .005), physical composite (pooled SD = 6.0,
P = .02), and mental composite (pooled SD = 6.9, P = .02),
with the Zumba group reporting higher quality of life than the
control group on all of these items (data not shown). However,
statistical significance did not persist at 6 months or last follow-
up for any of these scales.

Sensitivity analyses. Two sensitivity analyses were conducted to
assess whether missing data impacted results. The first

employed Markov Chain Monte Carlo multiple imputation in
which treatment group, age, APOE4 status, baseline BMI, and
baseline GMLT total errors were used to predict 6-month
GMLT total errors for participants with missing data prior to
comparison between groups using analysis of covariance. The
second considered all participants without primary end point
data to be nonresponders in the responder definition approach.
All sensitivity analyses produced results (multiple imputation
results not shown) consistent with the analysis based on
observed scores only.

Discussion

In this randomized controlled pilot study of cognition and qual-
ity of life in healthy older women, we investigated the effect of
a 6-month Zumba intervention on cognitive function and qual-
ity of life and also assessed the potential impact of APOE4
genotype status. The Zumba and control groups engaged in the
same level of exercise at baseline, 3, and 6 months. Thus,
Zumba participants partly substituted Zumba for their previous
exercise, which made it possible to dissociate the impact of
Zumba from that of other forms of physical exercise.

Although the Zumba intervention group and the control
group did not differ in neuropsychological test scores, 6 months
of regular Zumba intervention were associated with a higher
proportion of participants experiencing improved visuospatial
working memory and response inhibition relative to a control
group that was instructed to maintain baseline physical activity
level. We hypothesize that the improvements noted in the
Zumba group with regard to visuospatial working memory and
response inhibition reflect the greater reliance upon spatial
working memory associated with remembering the patterns
of dance moves as well as the need to inhibit dance moves as
the sequence changes. There was no evidence that practice
effect accounted for the observed cognitive findings on the
main outcomes of GMLT and DKEFS.

The lack of significant differences in mean scores of cogni-
tive tests between groups at any time point was likely both a
function of these being healthy, cognitively unimpaired indi-
viduals who at baseline were already physically active and our
small sample size. It is possible that the novelty of the Zumba
may have been a factor; however, the improvement in GMLT
and DKEFS scores was not apparent until 6 months of practice,
and if it were related to novelty, one might expect the benefit to
have occurred also at 3 months. As expected, given our instruc-
tion to maintain habitual physical activity level, there was no
increase in either physical exercise between baseline and
6 months for either group. Thus, it is unlikely that the improve-
ments in GMLT and DKEFS scores were simply related to
either frequency or intensity of exercise. It is also unlikely that
cognitive changes in GMLT and DKEFS color-word interfer-
ence inhibition scores were due to individual amount of exer-
cise evolution during the 6 months because there was no
correlation between the change from baseline calories of total
or moderate exercise and improvement in either GMLT or
DKEFS. The strongest correlation was for OCL accuracy—a
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test of visual recognition and learning. A 10 kcal/wk change in
moderate exercise was associated with a 10% improvement in
OCL accuracy (r = 0.44). All other measures had weaker or
negative correlations with exercise.

Our study is partly in line with a randomized controlled trial
from Australia that compared the impact of an 8-month ball-
room dancing intervention versus walking program on cogni-
tion. Similar to our observation, the dancing intervention was
only associated with improved performance in spatial memory,
but not any other cognitive domains that the investigators had
assessed.”® In contrast, Korean investigators reported that a
6-month dance exercise intervention was associated with better
performance in verbal fluency, word list delayed recall and
recognition, and total score on the Consortium to Establish a
Registry for Alzheimer’s disease Korean version.”” However,
their study was conducted among cognitively unimpaired older
males and females with metabolic syndrome, whereas we
included cognitively unimpaired females regardless of meta-
bolic and cardiovascular health status. Finally, a recent meta-
analysis concluded that dance interventions in older adults are,
overall, associated with improved cognitive function including
global cognition and memory but not executive function.>®

Our study does not provide evidence for an interaction
between intervention group and APOE genotype on the out-
come of cognitive function. Just as many APOE4 carriers
improved with the Zumba intervention relative to the controls
as did noncarriers. Although some researchers have suggested a
potentially larger benefit of physical activity on cognitive func-
tion in APOE4 carriers,'>'®!? other studies also failed to pro-
vide support for a potential impact APOE4 genotype status on
the association between physical activity and cognitive
performance.'”*?

Zumba appears to be an attractive form of exercise for
middle-aged and older women in that dropouts were lower in
the Zumba group than in the control group, and the majority
experienced the class in favorable terms. The initial novelty of
Zumba may have influenced quality-of-life measures to be
better at 3 months in the intervention group relative to the
control group; but by the last follow-up, quality-of-life mea-
sures did not differ between groups. In part, our finding is in
line with previous research that has shown quality-of-life
improvement after a brief, 8-week Zumba intervention.***>

The strengths of this study include its rigorous randomized
controlled design, the use of an extensive neuropsychological
test battery to assess different cognitive domains, and the rel-
atively long intervention of 6 months with classes being taught
by certified Zumba instructors. The fact that there was no over-
all increase in exercise over 6 months for either group helped to
dissociate the mentally stimulating effect of Zumba from that
of physical exercise.

This study was mainly limited by its small sample size,
exclusion of men, lack of adjustment for multiple testing, and
greater number of dropouts than expected. Despite the partici-
pants’ agreement at the time of consent to be randomized to
either group, 6 controls dropped out of study due to disappoint-
ment with the randomization. However, we accounted for such

nonrandom dropouts with 2 sensitivity analyses, which yielded
similar, if not stronger, results. Other participants dropped out
for a variety of personal reasons, but since those who dropped
out exercised less at baseline than those who did not dropout, it
is possible that some of the dropouts felt overly burdened by the
requirement to report exercise on a weekly basis and the
follow-up assessments. In addition, we have no follow-up yet
to determine whether improvements were sustained or whether
participants would be inclined to continue regular Zumba prac-
tice in the long term. Furthermore, we only included women
aged between 55 and 80 years. This heterogeneity may be one
potential reason for our lack of significant findings as the adap-
tations to Zumba training may differ between younger and
older participants. Finally, we did not investigate potential
other factors that might impact the effect of Zumba on cogni-
tive function, such as exercising in a group setting or having
social interactions during exercise.

Conclusion

We observed that repeated practice of learning and inhibiting
dance moves may have strengthened performance on visuos-
patial working memory and response inhibition tasks in the
Zumba as compared to the control group, irrespective of
APOE4 status. Given the limited sample size, lack of adjust-
ment for multiple testing, lack of long-term follow-up, and only
small improvement in scores, clinical relevance of the study
findings cannot be determined. This pilot study at least leads to
an empirically derived hypothesis that Zumba may have a
potential to impact cognitive health. This hypothesis needs to
be tested by a larger clinical trial. Therefore, the study findings
need to be considered preliminary until confirmed by a larger
study. Future studies could also test the benefit of Zumba for
sedentary individuals or patients with MCI and perhaps use
“real-world” outcome measures, such as a driving test.
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