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Abstract

Objective:
This quasi-experimental exploratory study investigated neuropsychological effects of exercise among older 
adults with diabetes mellitus (DM) compared with adults without diabetes (non-DM), and it examined the 
feasibility of using a stationary bike exergame as a form of exercise for older adults with and without diabetes. 
It is a secondary analysis that uses a small dataset from a larger randomized clinical trial (RCT) called the 
Cybercycle Study, which compared cognitive and physiological effects of traditional stationary cycling versus 
cybercycling.

Methods:
In the RCT and the secondary analysis, older adults living in eight independent living retirement facilities in  
the state of New York were enrolled in the study and assigned to exercise five times per week for 45 min per  
session (two times per week was considered acceptable for retention in the study) by using a stationary bicycle 
over the course of 3 months. They were randomly assigned to use either a standard stationary bicycle or a 
“cybercycle” with a video screen that displayed virtual terrains, virtual tours, and racing games with virtual 
competitors. For this secondary analysis, participants in the RCT who had type 2 DM (n = 10) were compared 
with age-matched non-DM exercisers (n = 10). The relationship between exercise and executive function (i.e., 
Color Trials 2, Digit Span Backwards, and Stroop C tests) was examined for DM and non-DM patients.

continued 
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Introduction

Given the increasing proportion of older adults in
the global population and the concomitant rise in 
dementia,1 exercise interventions to promote brain health 
are becoming increasingly salient.2 Similarly, there are 
concerns about the worldwide increase in obesity and 
diabetes and their relationship with dementia.3 Calls have 
been made to identify interventions to address diabetes 
mellitus (DM), which has been linked to frontal-subcortical 
dysfunction and subsequent dementia.4 Elderly patients 
with DM are at increased risk for dementia and have been 
shown to exhibit a pattern of cognitive deficits, especially 
in executive functions.5–8 The research on exercise as an 
intervention to promote cognitive health in older adults 
has been encouraging, with significant benefits found for 
normative and cognitively compromised aging adults,9–12 
particularly in the realm of executive function.13,14 

Despite the known cognitive benefits of exercise in later 
life, as well as the general benefits of exercise for diabetes 
control,15–17 only a tiny fraction of older adults exercise 
at recommended levels.18 Some research has begun to 
examine the utility of novel exergaming technologies, 
which are designed to enhance motivation to exercise 
by integrating videogame features with exercise.19 
However, no prior research has examined the impact of 

exergames on cognitive function among patients with 
DM. What follows is a summary of the research that has 
documented the utility of traditional exercise.

Research has shown an association between DM (as well  
as glycemic control) and cognitive function in older 
adults;20–23 this association (more severe DM or poorer 
glycemic control is associated with lower cognitive 
functioning) tends to remain even after controlling for 
a variety of confounding variables such as vascular 
disease and body weight.24 Data suggest a biological link 
between DM and Alzheimer’s,25 and some have even 
proposed a separate “type 3” diagnosis for Alzheimer’s 
as a specific form of DM that affects the brain.26 
This literature points to the need for interventions to 
enhance cognitive health among older patients with DM 
who bear multiple risk factors for decline into dementia.

Exercise is an intervention with many known positive 
physiological and cognitive effects. Reviews of the 
literature on exercise and DM16,27 conclude that aerobic 
exercise and combined aerobic and strengthening exercise 
lead to clear physiological benefits. In one study, improved 
glycemic control was achieved with only 10 days of 
exercise training.28 Cross-sectional research tends to 

Abstract cont.

Results:
Older adults with and without diabetes were able to use cybercycles successfully and complete the study, so 
the feasibility of this form of exercise for this population was supported. However, in contrast with the larger 
RCT, this small subset did not demonstrate statistically significant differences in executive function between 
the participants who used cybercycles and those who used stationary bikes with no games or virtual content on  
a video screen. Therefore, the study combined the two groups and called them “exercisers” and compared 
cognitive outcomes for DM versus non-DM patients. As predicted, exercisers with DM exhibited significant 
gains in executive function as measured by the Color Trails 2 test, controlling for age and education, while 
non-DM exercisers did not significantly gain in this measure [group × time interaction, F(1,16]) = 9.75; p = .007].

Conclusions:
These preliminary results support the growing literature that finds that exercise may improve cognition among 
older adult with DM. Additional research is needed to clarify why certain aspects of executive function might 
be differentially affected. The current findings may encourage physicians to prescribe exercise for diabetes 
management and may help motivate DM patients’ compliance for engaging in physical activity.

J Diabetes Sci Technol 2012;6(4):849-857



851

Neuropsychological Benefits of Stationary Bike Exercise and a Cybercycle  
Exergame for Older Adults with Diabetes: An Exploratory Analysis Anderson-Hanley

www.journalofdst.orgJ Diabetes Sci Technol Vol 6, Issue 4, July 2012

support a link between physical activity and better 
cognitive function among patients with DM.29,30 One trial 
found glucose-intolerant exercisers improved significantly 
more on executive function than controls,31 but there is 
a paucity of controlled research addressing cognitive 
benefits of exercise in DM.

While exercise is widely known to have beneficial effects, 
only 14% of adults 65–74 years old and 7% over 75 years 
of age report regular vigorous exercise (20 min three or 
more days per week).18 Given poor exercise participation 
among the older cohort that is most at risk for cognitive 
decline, research has examined ways to increase exercise 
participation. Among DM patients, interventions that 
use regular consultation strategies to increase physical 
activity have mixed results, showing both potential and 
problems.32,33 It has been speculated that the engaging 
and motivating features of exergames and exergame 
technologies, which require physical exertion in order to 
interface with the game, may help increase DM patients’ 
exercise participation and effort, as has been found in 
other populations.19

The purpose of this exploratory quasi-experimental study 
is to compare the potential motivating effects of a game-
based form of exercise with a non-game-based form of 
the same exercise and to compare the potential influence 
of exercise on the cognitive functioning of older adults 
who either have diabetes or do not have diabetes (non-
DM). Hypotheses include (1) exercise with a game-based 
form of exercise will be associated with greater increases 
in executive function than a traditional form of the 
same exercise that is not game based and (2) exercise 
(including both game-based and non-game-based) will 
be associated with improved executive function for older 
adults who have diabetes more than for older adults who 
do not have diabetes.

Methods
This exploratory quasi-experimental study is a secondary 
analysis that uses the complete DM patient subset 
(n = 10) of a larger randomized clinical trial (RCT), 
the Cybercycle Study9 (described later). The neuro-
psychological performance of the DM patient subsample 
before and after 3 months of exercise was compared with 
age-matched non-DM patients who also participated in 
the larger trial. In particular, the impact of exercise on 
executive function among the DM patient subsample 
was compared with non-DM exercisers, controlling for 
age and education. Furthermore, because the larger RCT 
compared cybercycling (a form of exergaming) with 

traditional stationary biking, the feasibility of using 
exergames with DM patients was also examined.

Cybercycle Study
This larger RCT9 for older adults compared effects of 
(1) traditional stationary cycling that had no virtual game 
components with (2) cybercycling, which provided 
stationary cycling plus a video display of virtual 
environments and games, including interactive virtual 
terrain the cyclist was traversing, virtual-reality tours 
while cycling, and racing games with on-screen racing 
competitors. The Cybercycle Study examined cognitive 
and physiological effects for older adults after 3 months  
of either traditional stationary cycling or cybercycling.

In the study, older adults ages 60 to 88 and living in 
independent living retirement facilities in the state of 
New York were enrolled and assigned to exercise five times 
per week for 45 min per session (two times per week 
was considered acceptable for retention in the study) by 
using a stationary bicycle over the course of 3 months. 
They were randomly assigned to use either a standard 
stationary bicycle or a cybercycle.

The Cybercycle Study was approved by the institutional 
review board at both Union and Skidmore Colleges 
and registered with www.clinicaltrials.gov (NCT01167400); 
participants provided written informed consent. 
Participants were from eight retirement communities 
chosen for their proximity, size, and availability of space 
for placing a bike within the facility to minimize barriers 
to participation. Participants were recruited by way of 
fliers and informational sessions and were included in 
the study if they had no known neurological conditions, 
were in good physical health, and were not currently 
participating in regular exercise but were physically able to 
do so. Physician approval was required (including cardio-
logist approval if applicable). Participants (102 enrolled, 
79 randomized, and 63 completers) were trained and 
encouraged to strive gradually toward recommended 
exercise levels for older adults [five times a week for  
45 min of moderate to vigorous exercise, per the 
American College of Sports Medicine (ACSM) and the 
American Heart Association (AHA)].18 Compliance was 
defined as an average of at least two times per week 
over the course of the 3 months.

Participants were evaluated on cognitive measures at 
three time points using alternate forms to minimize the 
impact of learning effects known to play a role in serial 
assessment. The first evaluation (T1a) was at enrollment 
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and was used as a “run-in” evaluation to familiarize 
the participants with the testing procedures and to 
minimize the impact of practice and learning effects by 
concentrating those effects in T1a and excluding that 
time period from analyses. 

The study found greater cognitive gains in executive 
function for older adults who rode a cybercycle compared 
with those who rode a traditional stationary bike.9 
There was no significant difference in the exercise effort of 
these two groups (e.g., minutes, mileage, or power/watts). 
The findings suggest that the interactive combination of 
mental and physical exercise experienced on a cybercycle 
may enhance cognitive benefits more than physical 
exercise alone, all for the same amount of physical effort 
(see the published findings9).

The Secondary Analysis
Thirteen Cybercycle Study participants carried a 
diagnosis of type 2 diabetes mellitus (T2DM); three were  
noncompleters (one moved, two had medical compli-
cations). Ten T2DM older adult completers (8 female) 
were the focus of this study, and they were compared 
with 10 age-matched non-DM older adults (10 female),  
all of whom were exercising as part of the larger RCT  
(see Table 1 for demographics). Matching was accomplished 
by sorting non-DM participants by age and, if more 
than one participant of the same age was available for 
matching, the decision was narrowed down by matching 
on additional variable(s) in this order of priority: cycling 
condition, sex, and education. At pretest, prior to exercise, 
there were no significant differences between the DM 
patient and non-DM groups on age, education, exercise 
behavior, or measures of executive function (see Table 1). 

Exercise Equipment
Our term “cybercycle” denotes a stationary bike with 
a video screen that displays interactive virtual game 
components. In year 1, a recumbent Tunturi stationary 
bike (e60r) was used, equipped with NetAthlon 2.0 
software on an Acer laptop. In year 2, the recumbent 
Expresso bike (S3R) was used instead, and it had a 
touchpad that was easier for this population to operate. 
The cybercycle computers recorded heart rate, mileage, 
time, and effort (in calories or watts) and saved it in an 
electronic database while participants traveled along a 
virtual bike path and altered their pedaling resistance 
via gear shifts. In the larger RCT, participants assigned to 
traditional stationary cycling used the same equipment, 
but the virtual reality enhancement was not available  
to them.

Measures
Neuropsychological Evaluation of Executive Function
Three neuropsychological tests were chosen because of 
their applicability as measures of executive function,34 
their ease of administration, availability of alternate 
forms (to minimize practice effects in repeated adminis-
tration), and use in other studies of exercise and cognition. 
Executive function controls other cognitive domains and 
encompasses a variety of other subfunctions, including 
planning, cognitive flexibility, and inhibition. Adequate 
executive function is essential to maintain independence in 
later life and is key in multitasking, for example, to safely 
cook more than one food at a time. Three executive 
function tests were administered at three time points: 
T1a (initial pretest/run-in to washout practice effects), 
T1b (pre-exercise, 1 month after T1a and preceding the 
start of exercise), and T2 (postexercise, at the end of  
3 months of exercise). The focus of analyses herein is on 
T1b and T2.

Color Trails 2. Participants were first presented with 
Color Trails 1,35 in which they were instructed to connect 
numbered dots in numerical order as quickly as possible. 
Color Trails 2 required alternating the color of the dots 
while connecting them in numerical order, and this 
involved using skills such as planning and flexibility 
for shifting sets. According to the Color Trails 2 test 
manual,35 test–retest reliability over 2 weeks is adequate 
(rtt = 0.78), and the test has good construct and criterion-
related validity.

Stroop C. Modified versions of Stroop A, B, and C 
(n = 40 stimuli each) were administered.36 In Stroop A, 
participants were instructed to say the name of colored 
blocks as quickly as possible, and in Stroop B, they 
read the typed color names. For Stroop C, participants 
had to state the color of the ink of typed words while 
suppressing the contrasting typed color name. This test 
assesses cognitive flexibility and inhibition of responses. 
Good test–retest reliability has been demonstrated  
(rtt = 0.80),36 and the test has also shown evidence of 
construct validity.34

Digit Span Backwards. Participants were instructed to listen 
to strings of numbers of increasing length and repeat 
them in forward order.34 Then participants were instructed 
to listen to additional digit strings of increasing length 
and repeat them in reverse order. This test requires dual 
tracking of information in working memory. Test–retest 
reliability for Digit Span is good (rtt = 0.83),34 and 
adequate construct validity has been reported.34
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Table 1.
Descriptives and Outcomes for T2DM and non-DM Older Adult Exercisers

 
T2DM  Nondiabetic controls t-test Analysis of 

covariance

Average Standard 
deviation n Average Standard 

deviation n p p

Demographics

Age 72.8 8.6 10 73.7 9.1 10 0.82

Education (years) 12.2 1.5 10 13.6 1.9 10 0.09

Physical activity during the study 
period (3 months; kcal) 307.1 174.9 10 298.0 232.6 8 0.93

Exercise behaviors

Frequency (rides/3 months) 60.2 17.8 9 48.3 13.1 10 0.11

Energy (kcal) 105.5 38.4 9 115.0 58.2 10 0.68

Minutes per session 36.0 8.1 9 33.3 13.5 10 0.61

Miles per session 4.7 1.6 9 5.6 2.1 10 0.34

Effort per session (watts) 27.6 12.1 9 31.7 14.9 10 0.52

Miles per hour average 7.3 1.1 5 8.6 2.0 4 0.25

Miles per hour max 10.5 1.1 5 11.0 2.4 4 0.66

Cognitive outcomes

Color Trails 2 pre 116.8 24.4 10 103.3 49.0 10 0.45

Color Trails 2 post 92.4 15.9 10 98.6 44.9 10 0.69 0.007

Stroop C pre 57.9 17.2 10 55.2 16.6 10 0.72

Stroop C post 49.6 12.3 10 50.8 23.2 10 0.89 0.56

Digit Span Backwards pre 6.7 2.2 10 6.4 1.4 10 0.72

Digit Span Backwards post 5.1 0.7 10 6.3 1.9 10 0.08 0.10

Pegboard pre 96.8 21.1 10 107.1 36.4 10 0.45

Pegboard post 102.4 30.8 10 120.0 53.4 10 0.38 0.42

Behavioral Measures
Exercise frequency, intensity (energy expended in kcal, 
effort in watts), mileage, and duration (time in minutes) 
were extracted from the bikes’ recording systems and 
corroborated with participants’ daily self-report notated 
in ride logs.

Statistical Analysis
Group (T2DM versus non-DM older adults) × time  
(pre- versus post-exercise) interaction effects were examined 
in repeated measures analyses of covariance for the 
three tests of executive function. Using SPSS v19 statistical 
software, age and education were entered as covariates, 
given their significant relationship to tests of cognitive 
function. Follow-up analyses (paired t-tests) of any 
significant interaction effect were planned to clarify 
change over time within groups (pre- to post-exercise) 
and to examine the contrasts at each time point between 

groups (T2DM versus non-DM). The alpha level was set 
at 0.05.

Results
The two forms of exercise (cybercycling and traditional 
stationary cycling) were compared. No statistically 
significant differences in executive function were found 
between the two groups, and so hypothesis 1 was not 
supported. As a result, the cybercycling and traditional 
stationary cycling groups were combined for all subsequent 
analyses focusing on cognitive effects of exercise for DM 
patients versus non-DM participants (n = 10 in both the 
T2DM and non-DM groups). This decision was justified 
not only because there were no differences in cognitive 
effects of cybercycling versus traditional stationary cycling, 
but also because the T2DM and non-DM participant 
groups did not differ significantly in exercise frequency 
or intensity during the study period.
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Hypothesis 2 was partially supported because one cognitive 
outcome did differ for DM patients compared with non-
DM patients. A significant group × time interaction 
effect was found [F(1,16) = 9.75; p = .007; Figure 1] and 
follow-up analyses revealed that older adult exercisers 
with DM exhibited significant improvement on Color 
Trails 2 (p = .02), while non-DM older adult exercisers 
were unchanged (p = .83). No significant interaction was 
found for Digit Span Backwards or Stroop C. Executive 
function is a broad domain encompassing a variety of 
cognitive components; one difference between the three 
tests is that the Color Trails test involves motor function 
due to speeded drawing components, contrasted with 
Digit Span and Stroop tasks, which are verbal. Improved 
motor function has been seen alongside improvement in 
glycemic control in older adults with DM;22,37 however, 
no significant improvement was found on a task of 
motor function administered as part of the larger trial 
battery (Grooved Pegboard9). 

with both. Exercise is an empirically supported inter-
vention for curbing cognitive decline in later life,11 and 
cross-sectional research suggests exercise may also 
delay the cognitive decline associated with diabetes.29–31 
One promising study has reported cognitive benefits 
of exercise in glucose intolerant older adults,31 but no 
prospective controlled study has been reported for T2DM. 

Furthermore, while exercise may be well respected as a 
strategy for promoting a host of health benefits, and 
even widely prescribed by physicians, it is sorely 
underutilized, as only 7–14% of older adults engage in 
exercise at recommended frequency and exertion levels.18 
Motivating older adults with DM to participate in exercise 
is daunting, but the novel technologies and compelling 
game challenges used in exergaming may improve 
motivation and behavior. The reinforcement potential 
of the videogame components and the playful and 
enjoyable aspects of the virtual reality environments 
could perhaps entice the most reluctant sedentary DM 
patient. To our knowledge, this is the first prospective 
study of the cognitive benefits of exercise for older adults 
with DM and the first to provide suggestive evidence 
that older adults both with and without diabetes can 
successfully use exergaming as a form of exercise.

In this exploratory study, 10 T2DM older adults were 
compared with 10 age-matched non-DM participants, 
all of whom exercised as part of a larger 3-month RCT 
that randomized participants to traditional stationary 
cycling or cybercycling. The 10 non-DM adults in this 
smaller study exhibited significant improvement on one  
of three measures of executive function (Color Trials 2). 
No significant group by time interactions were found for 
Digit Span Backwards or Stroop C. The impact of exercise 
on motor function has been observed elsewhere,37 but 
motor function did not change significantly for DM 
patients or non-DM participants in this study, so there 
may be other reasons for the differential effect on tasks 
of executive function between persons with and without 
diabetes. These preliminary and exploratory findings 
suggest that, for persons with DM, exercise may lead 
to significant improvement in some aspects of executive 
function. For older adults facing increased risk of 
cognitive decline due to age and diabetes, exercise may 
play an important role in staving off debilitating decline 
in cognitive function.

Compared with prior research, these findings are 
consistent with the literature on exercise for older adults 
in general, which has found improvements in cognitive 
function with exercise.11 While the non-DM comparison 

Figure 1. Means of Color Trails 2 by group and time. Lower scores 
indicate better performance (less time to complete the task).

Discussion
The U.S. population is aging, and dementia is on the 
rise;1 simultaneously, there is an increase in the incidence 
of diabetes, which has also been linked to dementia.3 
Given the potential interconnection of the two conditions, 
aging and diabetes,3 there is an urgent need to develop 
interventions to address the cognitive decline associated 
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group in this study did not show a significant improve-
ment in executive function, as observed in the DM 
patient group, it is possible to interpret this short-term 

“maintenance” of function as a benefit in contrast with 
the decline sometimes reported in this age group.9 
The current results are consistent with a controlled trial 
that found improvement in executive function following 
exercise for glucose intolerant older adults.31

Limitations of this quasi-experimental exploratory study 
include a small sample of T2DM participants and healthy 
age-matched non-DM participants; ideally, this study 
should be replicated with a larger sample of both groups. 
The lack of a nonexercising DM patient control sample 
is also a limitation, although the consistent research on 
cognitive benefit led us to contrast exercise types rather 
than exclude a group from exercise for ethical reasons. 
Combining the two types of exercise (cybercycling and 
traditional stationary cycling) is another limitation, 
although no significant differences were found in exercise 
behaviors or cognitive outcomes between these two types 
of exercise, so combining them was justified; however, 
with a larger sample, and thus greater statistical power, 
differences between types of exercise could be identified. 
While the data from this study are consistent with the 
literature on poorer cognitive function among older DM 
patients than their peers,5 it is additionally a limitation 
that DM patients and age-matched controls did not start 
from equivalent points on executive function or motor 
function (e.g., T2DM participants demonstrated slower 
performance on Color Trails 2 and Grooved Pegboard 
at pretest than non-DM participants, but the differences 
were nonsignificant; p = .45 and .83, respectively). 

This study does exhibit several strengths. All participants 
engaged in 3 months of monitored exercise. This is 
fitting with calls for additional well-controlled research 
on effects of exercise in diabetes.15,16 Additionally, 
comprehensive evaluations pre- and post-exercise were 
performed, including neuropsychological evaluations 
consisting of alternate test forms across run-in, pre- and 
post-assessments, and behavioral data that were captured 
directly rather than only by self-report (e.g., heart rate, 
minutes). Comparison with age-matched non-DM controls 
within the same study protocol made the comparisons 
more stringent than comparison only with normative 
controls or nonexercising controls. While there are 
numerous reports of the benefits of exercise for older 
adults, specifically in executive function,13,14 this exploratory 
study is the first to our knowledge to find cognitive 
improvement for T2DM exercisers over and above that 
of normative exercising older adults. This exercise 

intervention was consistent with the 2007 ACSM and 
AHA recommended exercise frequency and intensity for 
older adults.18 While the findings need replication, it 
appears that only 3 months of exercise can produce benefit 
to executive functioning for older adults with diabetes.

Conclusions
This exploratory study of cognitive effects of exercise for 
older adults with and without diabetes lends additional 
support to the growing body of literature that suggests 
exercise can improve cognition later in life, and it shows 
that this effect may be even stronger for people with 
diabetes. This study also demonstrated the feasibility of 
utilizing game-based virtual-reality-enhanced exercise—
cybercycling—in older adults with and without diabetes 
because they were able to use the equipment over an 
extended period of time and successfully complete 
the study. Additional research is needed to investigate 
why certain aspects of executive function might be 
differentially affected by exercise. The findings of this study 
could help justify physician prescription of exercise for 
diabetes management; and for DM patients, awareness of 
potential cognitive benefits, along with the use of novel and 
engaging exergame technologies, may motivate them to 
engage in physical activity as an ongoing lifestyle habit.
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