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Abstract

Objective: To examine the association between computer use, physical exercise, aging, and mild cognitive impairment
(MCI).
Patients and Methods: The Mayo Clinic Study of Aging is a population-based study of aging and MCI in Olmsted
County, Minnesota. The study sample consists of a random sample of 926 nondemented individuals aged 70 to 93
years who completed self-reported questionnaires on physical exercise, computer use, and caloric intake within 1 year
of the date of interview. The study was conducted from April 1, 2006, through November 30, 2008. An expert
consensus panel classified each study participant as cognitively normal or having MCI on the basis of published criteria.
Results: Using a multivariable logistic regression model, we examined the impact of the presence during the study
period of 2 lifestyle factors (physical exercise and computer use) after adjusting for a third lifestyle factor (caloric intake)
on aging and MCI. We also adjusted for age, sex, education, medical comorbidity, and depression. The median daily
caloric intake was significantly higher in participants with MCI than in controls (odds ratio, 1.04; 95% confidence
interval, 1.02-1.06; P�.001). Participants who engaged in both moderate physical exercise and computer use had
significantly decreased odds of having MCI (odds ratio [95% confidence interval], 0.36 [0.20-0.68]) compared with the
reference group. In the interaction analyses, there was an additive interaction (P�.012) but not multiplicative inter-
action (P�.780).
Conclusion: In this population-based sample, the presence of both physical exercise and computer use as assessed via
survey was associated with decreased odds of having MCI, after adjustment for caloric intake and traditional confounders.
© 2012 Mayo Foundation for Medical Education and Research � Mayo Clin Proc. 2012;87(5):437-442

F
P
a
o
S
o
R
t
C
(
o
a
S
(
R
sity of Wisconsin—Madison
(T.C.S.).
M ild cognitive impairment (MCI) is an in-
termediate stage between the cognitive
changes of normal aging and dementia.1,2

Persons with MCI constitute a high-risk group be-
cause they develop dementia at a rate of 10% to 15%
per year as compared with 1% to 2% per year in the
general population.3 Therefore, it is critical to iden-
tify potential protective factors against MCI.

Several lifestyle factors are associated with cog-
nitive function. Physical exercise is independently
associated with decreased risk of cognitive de-
cline4,5 and dementia.6-11 On the other hand, high
caloric intake is associated with increased risk of
dementia.12 A few studies have also reported the
independent association of physical exercise with
decreased odds of having MCI.13-15 Engaging in
computer use, playing games, reading books, par-
ticipating in craft activities (eg, quilting, knitting),
and watching less television (TV) are associated with
decreased odds of having MCI.16 Therefore, we
sought to examine the combined effects of physical

exercise and computer activities on the odds of hav-
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ing MCI, after accounting for caloric intake and tra-
ditional confounders.

PATIENTS AND METHODS
The details of the design and conduct of the Mayo
Clinic Study of Aging were reported elsewhere.17

Briefly, it is an ongoing population-based study of
normal aging and MCI in Olmsted County, Minne-
sota. We used a stratified random sampling scheme
to recruit elderly persons aged 70 to 89 years on the
prevalence date of October 1, 2004, from the target
population of nearly 10,000 elderly individuals in
Olmsted County. There were equal numbers of men
and women in 2 age strata: 70 to 79 years old and 80
to 89 years old. During the first follow-up phase of
the study, which took place from April 1, 2006,
through November 30, 2008, we introduced a
structured interview format to collect data on cog-
nitive and physical activities. At the time of the in-
terview, neither the study participant nor the re-
search personnel knew the case-control status of a

participant. The classification of a study participant
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as having MCI or not was determined after the col-
lection of data on computer use, physical exercise,
and caloric intake. The study was approved by the
institutional review boards of Mayo Clinic and Olm-
sted Medical Center. The design for this study was a case-
control study derived from the Mayo Clinic Study of Ag-
ing. The sample for this study consisted of persons aged
70 to 93 years (N � 926) who completed questionnaires
that assessed cognitive activities including computer use,
physical exercise, and caloric intake within 1 year of the
date of interview. Of the 926 elderly persons, 109 (12%)
were classified as having MCI and the remaining 817
(88%) were classified as cognitively normal.

Definition of Cases and Controls
Each study participant underwent the following 3
face-to-face evaluations: (1) a complete neurologic
examination conducted by a physician; (2) a risk
factor ascertainment as well as administration of the
Clinical Dementia Rating scale,18 both conducted
by a research nurse or study coordinator; and (3)
psychometric testing. We considered as cases all the
participants who met the revised Mayo Clinic crite-
ria for MCI: (1) cognitive concern expressed by a
physician, informant, participant, or nurse; (2) cog-
nitive impairment in one or more domains (execu-
tive function, memory, language, or visuospatial);
(3) normal functional activities; and (4) not de-
mented.2,19 Participants with normal cognition are
controls for this study.17

Measurement of Physical Exercise
We have previously reported the details of measur-
ing physical exercise in our cohort.15 Briefly, the
frequency (eg, once per week, twice per week) and
intensity (ie, mild, moderate, and vigorous) of phys-
ical exercise that occurred within 1 year of the date
of the interview were measured by using validated
self-administered questionnaires.20-22 Light physi-
cal exercise was defined as participating in activities
such as bowling, leisurely walking, stretching, slow
dancing, and golfing with a golf cart. Moderate
physical exercise was defined as participating in ac-
tivities such as brisk walking, hiking, aerobics,
strength training, golfing without a golf cart, swim-
ming, tennis doubles, moderate use of exercise ma-
chines (eg, exercise bike), yoga, martial arts, and
weight lifting. Vigorous physical exercise was de-
fined as participating in activities such as jogging,
backpacking, bicycling uphill, tennis singles, rac-
quetball, intense or extended use of exercise ma-
chines, and skiing. For each category of intensity,
further inquiry was made as to the frequency of

exercise.

Mayo Clin Proc.
Measurement of Computer Activities and Other
Mentally Stimulating Activities
We have previously reported the details of measur-
ing mentally stimulating activities in our cohort.16

Mentally stimulating activities included reading,
craft activities, computer activities, playing games,
playing music, group activities (eg, book club), so-
cial activities (eg, going out to movies and theaters),
artistic activities, and watching TV. We modified
previously validated instruments to measure these
activities.13,22,23 A study participant completed a
elf-administered questionnaire on cognitive activi-
ies, including computer use. The frequency of ac-
ivities was reported on an ordinal scale (eg, once
er week, twice per week). The survey was reviewed
y a psychometrist or nurse for completeness and
ccuracy. The measurement of these cognitive activ-
ties was conducted along with a neurologic evalua-
ion, neuropsychological assessment, and risk factor
scertainments.

easurement of Caloric Intake
e assessed dietary intake via the modified Block

994 revision of the Health Habits and History
uestionnaire that included 128 items: 103 food

tems and 25 beverages.24 Participants were asked to
provide information on usual eating habits during
the previous year. For each food item, respondents
were asked to indicate (1) their usual portion size
consumed (small, medium, large), with the medium
serving provided as a specific amount; and (2) how
often they had consumed each food (never or �1
per month, 1 to 3 per month, 1 per week, 2 to 4 per
week, 5 to 6 per week, 1 per day, 2 to 3 per day, 4 to
5 per day, 6� per day). The Food Processor SQL
nutrition analysis software program (version 10.0.0;
ESHA Research, Salem, OR) was used to calculate
the total nutrient, food group, and energy (caloric)
intake per day, under the supervision of a registered
dietician.25

Assessment of Potential Confounders
Traditional confounders, ie, age and sex, as well as
other pertinent covariates such as education, de-
pression, and medical comorbidity were defined as
covariates in this study. We used the Charlson
index to measure medical comorbidity and the
Beck Depression Inventory, second edition, to as-
sess depression.26-28

Statistical Analyses
We previously reported that physical exercise and
cognitive activities are independently associated
with prevalent MCI.16,29 Therefore, the current
analysis primarily focused on examining the inter-

action between physical exercise and computer ac-
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tivities. We classified participants according to their
participation in moderate physical exercise (any vs
none) and according to their participation in com-
puter activities (any vs none). Caloric intake was
measured as a continuous variable. We examined
these measures of physical exercise and computer
activities for their association with MCI after adjust-
ing for caloric intake, age, sex, education, medical
comorbidity, and depression using logistic regres-
sion models. In addition, we examined the inter-
action between physical exercise and computer
activities on both additive and multiplicative
scales. We computed odds ratios (ORs) and 95%
confidence intervals (CIs). Statistical testing was
performed at the conventional 2-tailed ��.05. All
analyses were performed using commercially
available statistical software (SAS, version 8; SAS
Institute, Cary, NC).

RESULTS
The demographic data are displayed in Table 1. The
sample for this study comprised participants who
completed the survey on all 3 lifestyle factors: phys-
ical exercise, cognitive activities, and caloric intake.
The median daily caloric intake was significantly
higher in the MCI group than in controls (OR [95%
CI], 1.04 [1.02-1.06]; P�.001); thus, caloric intake
was controlled for in all the analyses. In addition, we
previously reported that moderate physical exercise
is independently associated with decreased odds of
having MCI (OR [95% CI], 0.64 [0.42-0.98];
P�.04) after adjusting for age, sex, education, med-
ical comorbidity, caloric intake, and depression.15

Similarly, we also reported that engaging in com-
puter use, playing games, reading books, craft activ-
ities, and watching less TV are associated with 30%
to 50% reduced odds of having MCI.16 Of these
cognitive activities, computer use had the lowest
OR. Therefore, we sought to examine whether there
is an interaction between physical exercise and com-
puter activities after accounting for caloric intake
and other covariates (age, sex, education, depres-

TABLE 2. Interaction of Exercise and Computer Usea-

Characteristic Cognitively nor

No exercise and no computer use 164 (20.1)

Exercise but no computer use 229 (28.0)

Computer use but no exercise 130 (15.9)

Both exercise and computer use 294 (36.0)

a CI � confidence interval; MCI � mild cognitive impairment; O
b Data are presented as No. (percentage) unless indicated othe
c Adjusted for age, sex, education, depression, medical comorbid
d
 P value for additive interaction, .012.
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sion, and comorbid medical conditions). We per-
formed analyses to evaluate interactions on both ad-
ditive and multiplicative scales (Table 2). There was
no significant multiplicative interaction (P�.78);
however, there was an additive interaction between
moderate physical exercise and computer use
(P�.01). Compared with the reference group (ie, no
moderate physical exercise and no computer use),
moderate physical exercise alone showed a protective
trend (OR [95% CI], 0.61 [0.36-1.04]; P�.068), as did
computer use alone (OR [95% CI], 0.53 [0.27-1.02];
P�.058). Those participants who engaged in both

oderate physical exercise and computer use had sig-
ificantly decreased odds of having MCI (OR [95%
I], 0.36 [0.20-0.68]; P�.001) compared with the ref-
rence group.

TABLE 1. Demographic Characteristics of Study Parti

Variable Normal (n�817) M

Male, No. (%) 416 (50.9)

Age, yb 79 (75-84)

70-79 414 (50.7)

80-93 403 (49.3)

Education, yb 14 (12-16)

�12 488 (59.7)

BDI-II (total score)b 4 (1-7)

Charlson indexb 2 (1-4)

Total calories/d, kcal –

Median 1802.4

Q1, Q3 1363.4, 2369.6 15

BMI, kg/m2

Median 27.0

Q1, Q3 24.3, 30.1

a BDI-II � Beck Depression Inventory, second edition; BMI �

cognitive impairment; Q � quartile.
b Median (interquartile range).
c Wilcoxon rank sum test.

Prevalent MCI OR (95% CI) P value

41 (37.6) 1.00 (reference) –

33 (30.3) 0.61 (0.36-1.04) .068

15 (13.8) 0.53 (0.27-1.02) .058

20 (18.3) 0.36 (0.20-0.68) .001

odds ratio.

nd caloric intake.
cipantsa

CI (n�109) P value

62 (56.9) .24

82 (77-86) �.001

35 (32.1)

74 (67.9)

13 (12-16) .018

57 (52.3)

5 (2-10) �.001

3 (2-5) .004

– .004c

2099.6

32.4, 2727.7

.34c

26.9

23.4, 29.6

body mass index; MCI � mild
d

mal

R �

rwise.
ity, a
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DISCUSSION
In this population-based, case-control study, we ob-
served that having engaged in both moderate phys-
ical exercise and computer use in late life (within 1
year of date of interview) was associated with de-
creased odds of having MCI. The synergistic inter-
action between the 2 activities occurred on an addi-
tive scale but not on multiplicative, after adjustment
for caloric intake and other confounders (age, sex,
education, depression, and medical comorbidity).
This additive interaction suggests that the observed
combined presence of moderate physical exercise
and computer use was greater than the expected
sum of their independent effects. Additive interac-
tion can occur in the absence of multiplicative inter-
action. Moreover, additive interaction is also consid-
ered to be more applicable to biologic events.30

Previous studies have examined the indepen-
dent associations of either physical exercise or men-
tally stimulating activities with MCI,13,15,16 but to
our knowledge, no study has specifically examined
the presence of simultaneous engagement in physi-
cal exercise and computer activities on the outcome
of MCI, after accounting for caloric intake.29 On the
other hand, several studies have examined the asso-
ciation between combined physical and mental ac-
tivities and dementia, although the studies did not
show an added benefit from having engaged in
physical and cognitive activities.10,11,31 Other stud-
ies have examined the interaction between physical
activity and diet, not an interaction with computer
use; for example, a prospective cohort study in New
York observed a synergistic interaction between
physical activity and adherence to Mediterranean-
type diet in reducing risk of Alzheimer disease.32,33

Our study has focused primarily on aging and
MCI, not dementia; therefore, we compared our
findings with a New York study that had an outcome
of MCI, that is, a prospective cohort study that ex-
amined the association of baseline participation in
physical and cognitive activities with the outcome of
incident amnestic MCI. The investigators observed
that a 1-point increase on a composite cognitive
measure was associated with decreased risk of am-
nestic MCI, but no such decrease was observed for
physical activity. However, they did not specifically
examine an interaction between physical activity
and computer use. In this respect, our study is dif-
ferent from theirs.13

There are various strengths to our study. First,
we examined the impact of the presence of 2 lifestyle
factors (physical exercise and computer use) after
adjusting for a third factor (caloric intake) on aging
and MCI. Second, we used a large sample in a
population-based setting. Third, we measured
MCI using a comprehensive face-to-face evalua-

tion including 3 well-established components: clin-

Mayo Clin Proc.
ical evaluation by a behavioral neurologist or neu-
ropsychiatrist, neuropsychological assessment, and
cognitive measures from the participant and a proxy
ascertained by nurses.

The study should be interpreted in the context
of the following limitations. The assessment of com-
puter activities was very limited. We only asked how
many times per week a person engaged in computer
activities. We did not ask for the duration of the
computer use. Any future study that investigates
computer use should assess both duration and fre-
quency because excessive sedentary lifestyle may
additionally predispose a person to health prob-
lems.34 Another limitation of our study is recall bias,
which is an unavoidable drawback of any survey-
based study.30 However, one potentially reassuring
factor is that, in the past, we conducted analyses in
which 80 study participants from the same cohort
completed the survey in 2 successive years. We ob-
served that there was no significant difference be-
tween participants with MCI and normal partici-
pants in recalling midlife activities on the 2
successive surveys.15 Finally, the case-control de-
sign limits our ability to determine causal associa-
tions, since one cannot tell the direction of causality
in a case-control study.

This study did not investigate mechanisms of
action. However, on the basis of the existing litera-
ture we can speculate about the following possible
explanations. The combined presence of having par-
ticipated in both physical exercise and computer use
may be a marker of a healthy and disciplined life-
style.15 On the other hand, it is possible that the
ombined activities may have direct beneficial effect
n the brain. Physical exercise may target a particu-
ar circuit in the brain (eg, increasing the production
f brain-derived neurotrophic factor in the hip-
ocampus),35 whereas cognitively stimulating activ-

ty (eg, computer use) may enhance functional con-
ections contributing to cognitive reserve.36-38

CONCLUSION
We observed an additive interaction between the
presence of both physical exercise and computer
activities in this population-based case-control
study among elderly persons in Olmsted County,
Minnesota. Using our study participants, we will be
able to design a prospective cohort study that per-
mits comparison of the rates at which MCI develops
in a cohort that uses computers and exercises vs a
cohort that does neither. Finally, confirmation in
other prospective studies will add to the generaliz-
ability of our findings. The aging of the baby boom-
ers is projected to lead to dramatic increases in the
prevalence and incidence of dementia; hence, ex-
perts have recently called for interventional studies

that examine the combined effects of physical exer-
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cise, mentally stimulating activities, and diet on cog-
nitive outcomes. Frequent computer use is becom-
ing increasingly common among all age groups;
hence, it is important to examine how it is related to
aging and dementia. Our observational study fur-
ther adds to this line of discussion

Abbreviations and Acronyms: CDR � Clinical Dementia
Rating; CI � confidence interval; MCI � mild cognitive im-
pairment; OR � odds ratio
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