First publ.in: TheJournalsof Gerontology65A (2010),6, pp.680-688

doi:10.1093/gerona/glq053

Complex Mental and Physical Activity in Older Women
and Cognitive Performance: A 6-month Randomized
Controlled Trial

Verena Klusmann,! Andrea Evers,! Ralf Schwarzer,? Peter Schlattmann,? Friedel M. Reischies, !
Isabella Heuser,! and Fernando C. Dimeo*

Department of Psychiatry, Charité Universitdtsmedizin CBF, Berlin, Germany.
2Department of Health Psychology, Freie Universitit Berlin, Germany.
3Department of Biometrics, Charité Universititsmedizin CCM, Berlin, Germany.
4Section of Sports Medicine, Charité Universititsmedizin CBF, Berlin, Germany.

Address correspondence to Verena Klusmann, MSc, Department of Psychiatry, Charité Universititsmedizin Berlin CBF, Eschenallee 3, D-14050 Berlin,
Germany. Email: verena.klusmann@charite.de

Background. Several reports suggest beneficial impacts of either physical or mental activity on cognitive function in
old age. However, the differential effects of complex mental and physical activities on cognitive performance in humans
remain to be clarified.

Methods. This randomized controlled trial evaluates a cognitive and a physical standardized 6-month activity inter-
vention (3 x 1.5 h/wk) conducted in Berlin (Germany). Two hundred fifty nine healthy women aged 70-93 years were
randomized to a computer course (n = 92), an exercise course (n = 91), or a control group (n = 76), of whom 230 com-
pleted the 6-month assessment. Group differences in change over a period of 6 months in episodic memory (story recall,
possible range, 0-21; word recall, possible range, 0-16), executive control (working memory, ie, time quotient of Trail
Making Tests B/A), and verbal fluency were evaluated by analyses of covariance (intention to treat) adjusting for base-
line, fluid intelligence, and educational level.

Results. In contrast to the control group, both the exercise group, AM (SD) = 2.09 (2.66), p < .001, and the computer
group, AM (SD) =1.89 (2.88), p < .001, showed improved delayed story recall. They maintained performance in delayed
word recall and working memory (time measure) as opposed to the control group that showed a decline, AM (§D) =-0.91
(2.15), p = .001, and AM (SD) = 0.24 (0.68), p = .04, respectively.

Conclusions. In healthy older women, participation in new stimulating activities contributes to cognitive fitness and

might delay cognitive decline. Exercise and computer classes seem to generate equivalent beneficial effects.
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IFE of the elderly is characterized by a high risk of

multimorbidity accompanied by a high prevalence
of cognitive impairment short of dementia. A decline in
fluid cognitive abilities, such as perception, reasoning, and
memory, is part of the normal cognitive aging process (1).
There is mounting evidence from epidemiological studies,
experimental trials, and basic neurosciences that this
age-related cognitive decline can be positively offset by
intellectually stimulating activities (2). To date, most inter-
vention studies have focused on either the effects of specific
mental training or the benefits from physical exercise. It
was found that cognitive training is especially effective
when particular cognitive skills are practiced (3,4). How-
ever, findings concerning the effects of physical activity on
cognitive performance have been mixed. Whereas some
studies reported preventive effects of physical activity,
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others were inconclusive (5,6). Meta-analyses have found a
moderate overall positive effect from physical training on
cognition, with the largest effects occurring in motor func-
tion and auditory attention, followed by cognitive speed
and visual attention (7-9). Data on the relationship between
cardiovascular fitness benefits and cognitive improvements
were inconclusive (9,10).

Animal research provides support for a positive effect of
physical activity on brain function (11). Physical activity
has been shown to have an acute upregulating effect on neu-
rogenesis and to result in higher concentrations of brain-
derived neurotrophic factor (12,13). The survival of newborn
cells in the hippocampus was elevated in old mice being
placed in an enriched environment, leading to significantly
better cognitive performance in comparison to standard
keeping (14).
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Very few studies in humans have compared the effects of
cognitive and physical stimulation. Oswald et al. (15) found
that cognitive training alone, but not physical training alone,
led to transiently improved cognitive function, whereas the
combination of cognitive with physical training translated
to longer lasting improvement. Similarly, in a small sample,
Fabre et al. (16) found evidence pointing to an advantage of
combined aerobic and mental training over using either
technique alone in a memory quotient. Neither of these
studies has focused on relatively complex cognitive stimu-
lation based on the enriched environment theory. Also, there
is a general quest for “modernized” cognitive interventions
that support goals of lifelong learning by navigating new
technologies in cross-modal interventions (17). Concerning
physical activity, multifaceted interventions that integrate
strength and flexibility into aerobic fitness trainings were
found to have greater positive effects on cognition (18), and
the proposal for sufficiently broadly based health interven-
tions was given support (19).

Thus, in our project, 259 healthy elderly women were en-
couraged to engage in new activities of either a physical or
a mental nature, that is, an exercise or a computer course.
Participants were randomized to either one of two group
interventions or to a control group of 6 months duration. It
was hypothesized that both intervention groups would ben-
efit from the new challenging activity with regard to cogni-
tion, thus showing a favorable development of cognitive
performance over a period of 6 months in contrast to the
controls.

METHODS

Participants

This study enrolled German-speaking women from
Berlin, who were older than 70 years. Eligibility criteria were
(a) being unfamiliar with the computer and (b) exercising
less than 1 h/wk. Criteria for exclusion included severe vi-
sual or hearing impairment or a previous or current diagno-
sis of depression or psychosis, or any other neurological or
medical disorder that would interfere with cognitive perfor-
mance or preclude successful participation in the interven-
tion programs. Participants were screened to rule out the
presence of cognitive impairment or depression and were
included if they made no more than four errors on the Mini-
Mental State Examination (MMSE; 20) and scored less than
six points on the 15-item short-form Geriatric Depression
Scale (GDS-SF; 21). Eligible women underwent the inter-
ventions consecutively in seven cohorts of about 34 persons
each. Written informed consent was obtained, and the local
ethical review board had approved the study protocol.

Interventions
One intervention comprised physical exercise and the
other a complex cognitive task, whereas the control group
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got the instruction to live their habitual life. Since the
world of computers is mainly an untapped area in the group
of older people, especially in women, a computer course
seemed particularly suitable for a new cognitive, cross-
modal challenge.

The exercise program consisted of aerobic endurance,
strength, and flexibility training, as well as practice of bal-
ance and coordination. Typically, exercise sessions started
with 30 minutes endurance training on bicycle ergometers
or treadmills with pulse monitors. The computer course
covered heterogeneous and muitifaceted themes including
creative matters as well as coordinative and memory tasks,
for example, learning how to operate with the common soft-
ware and hardware, writing, playing, calculating, surfing on
the Internet, e-mailing, drawing, image editing, and video
taping.

The courses were carried out in different districts of
Berlin. Public buildings, such as schools and fitness centers,
served as study sites, where groups of twelve women were
instructed. For both interventions, standardized manuals
were developed by a certified sports physician and by an
experienced computer teacher for seniors. Both manuals
entailed 75 intervention units of 90 minutes. The last few
sessions covered additional materials allowing the manuals
being fitted to each 6-month interval of the seven cohorts.
Course instructors were carefully trained in the manual
application, and they daily documented course attendance
and reasons for absence.

Objectives

Reviewing previous research, we identified a lack of long-
term experimental studies, especially a deficit in random-
ized controlled trials, which would allow for a conclusive
statemnent about the causal relationship between engagement
in new activities and cognitive abilities. In addition, there is
paucity with regard to studies examining the analogous or
diverse effects of cognitive vs physical activity. Hence, we
directly compared a mentally and a physically active group
with a control group.

It was assumed that both activities lead to favorable
cognitive performance when compared with the control
group. “Favorable” cognitive performance was defined as
either (a) an improvement of performance in the interven-
tion groups from pre- to post-testing or (b) maintenance of
preintervention performance over a period of 6 months.

Clinical Evaluation

A first screening was conducted by phone. If provision-
ally eligible, participants were invited for a medical evalua-
tion. During a 1-hour session, a medical history as well as a
6-minute walking test (assessing meters completed) and a
resting electrocardiogram (ECG) were done. Blood was
drawn for the measurement of routine laboratory parame-
ters to rule out chronic disorders (ie, chronic renal failure,
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Table 1. Baseline Neuropsychological Assessment

Measure

Objectives

Consortium to Establish a Registry for Alzheimer’s Disease (CERAD; 22)
Mini-Mental State Examination (20}
Naming semantic category members
Boston Naming Test
Figures drawing
Word list recail
Lector Test (23)
LPS-3/50+ (24)
Rivermead Behavioural Memory Test (25), subtest: story recall
Free and Cued Selective Reminding Test (26)
Reitan Trail Making Tests A&B (27)
Stroop Test (28)

General geriatric cognitive status

Dementia screening

Semantic verbal fluency

Visual confrontation naming

Constructional praxis

Episodic memory

Educational level

Fluid intelligence

Episodic memory in a naturalistic task

Episodic memory in a classical experimental condition
Speed and executive function: working memory
Executive attention: inhibition of irrelevant information

Note: LPS-3/50+ = Leistungs-Priif-System (Performance Test System).

hypothyroidism). Women meeting the eligibility criteria for
study participation were randomized to one of the interven-
tion groups or the control group. Those being randomized to
the exercise group had to pass an additional stress ECG to
determine the individual optimal training heart rate. After
6 months of participation, the second clinical evaluation was
done, including the 6-minute walking test, blood drawings,
and a resting ECG.

Neuropsychological Evaluation

Before participants were informed about their group
assignment, at a second 2.5-hour appointment, an extensive
battery of neuropsychological tests (Table 1) was adminis-
tered by a neuropsychologist who was blinded to randomi-
zation and group membership.

The neuropsychological assessment had a standardized
format and was conducted in a face-to-face testing situation
applying paper-and-pencil tests. The general geriatric cog-
nitive status (22), as well as the educational level (23) and
fluid intelligence (24) were screened at baseline. The verbal
fluency assessment (22), the Rivermead Behavioural Mem-
ory Test (RBMT; 25), the Free and Cued Selective Remind-
ing Test (FCSRT; 26), the Trail Making Tests (TMT A&B;
27), and the Stroop Test (28) were of particular interest. As
primary outcomes these were applied at baseline and re-
peated at 6-month follow-up, assessing episodic memory,
working memory, and executive attention, respectively. For
this purpose, parallel versions for RBMT, FCSRT, TMT
A&B, and verbal fluency (animals, food) were administered
in random order. Also, demographic characteristics and
self-reported exercise levels (defined as hours per month
spent with sports implying quickened pulse and perspira-
tion) were recorded. All assessors had undergone intensive
training for test application including coding procedures.

Sample Size

Sample size was calculated using G*Power 3 (http:
/lwww.psycho.uni-duesseldorf.de/aap/projects/gpower/),
assuming a half standard deviation of FCSRT scores in the

70-79-year-olds, M (SD) = 31.33 (6.74), of the Berlin
Aging Study as a representative, meaningful intervention
effect (29). Fixing o at 5% and power at 80%, n= 177 =3 x
59 was calculated as the necessary sample size for a
comparison of three groups, half a SD = 3.37, f = 0.24;
Feid(2,174) = 3.05, A = 9.83. A dropout rate of approxi-
mately 25 participants per group was expected, which led to
a final sample size calculation of n =3 x 84 = 252. Actually,
259 female volunteers were recruited.

Randomization

The randomization sequence for each of the seven study
cohorts was generated using Research Randomizer
(www.randomizer.org) by VK. A study assistant prepared
seven sets of 34 numbered envelopes containing the accor-
dant randomization results (12 for the intervention groups
each and 10 for the control group). We chose to include
slightly more participants into the intervention groups be-
cause we expected a higher dropout rate in these groups
than in the control group.

The sealed envelopes, all prepared before starting the
examination of the first cohort and kept locked in a safe-
deposit box, were given on a daily basis to the study nurse in
consecutive order. Envelopes were opened after the main
part of the clinical baseline evaluation to have the partici-
pants of the exercise group undergo the additional stress
ECG. If study candidates withdrew from the study or were
excluded because of lacking eligibility criteria at a later
point in time, the study assistant prepared additional enve-
lopes containing the corresponding assignments of those
who dropped out in the sequence of deposit. Participants
and neuropsychological assessors were blinded to group
allocation up to the completed baseline examination of the
whole cohort (double blind); participants were then in-
formed by mail. Assessors were kept blind at post-test by
explicitly instructing the participants not to discuss any of
the information regarding randomization and intervention
with the research staff conducting the testing. Staff mem-
bers consigned with the scheduling of participants were not



involved in the randomization procedure. We are not aware
of any breaches of protocol.

Statistical Analyses

For all tests used to assess differences in cognitive perfor-
mance from baseline to follow-up, change scores were cal-
culated, that is, the difference between baseline and
follow-up measurements (post-test minus pre-test scores).
Arithmetic means and standard deviations were computed
for change scores because these were normally distributed
continuous variables. Analyses of covariance (ANCOVA)
with planned contrasts on change scores with 95% confi-
dence intervals (CI) were applied. Baseline scores of the
pre—post measures and those obtained for educational level
(Lector Test; 23) and general fluid intelligence (LPS-3/50+,
Leistungs-Priif-System/Performance Test System; 24) were
included as covariates as preset prior to data collection.
Treatment effects were obtained by B-estimates being pro-
vided by planned contrasts of ANCOVA. To evaluate change
over the 6-month period within the groups, in a second step,
dependent t-tests on pre- and post-scores were calculated.
Strengths of associations were documented by the effect
size partial 112, calculated as 1% = SSefrect/(SSeftect + SSerror)s
SS being the sum of squares. Following the convention of
Cohen (1988), n2 > .01 is regarded as small effect, n? >.06
as medium effect, and n2 > .14 as large effect (30). For the
meters completed in the 6-minute walking, test change
scores (post-test minus pre-test meters) were calculated as
for the cognitive performance measures. Analyses of vari-
ance (ANOVA) with planned contrasts on these change
scores with 95% CI were conducted. To address possible
problems of multiple comparisons by an inflated type I error
rate, we applied the Bonferroni procedure to test conserva-
tively for the global null hypothesis at o = 0.05 for the be-
tween-group differences in cognitive performance change.
The overall null hypothesis implies that there is no group
difference at all and it can be rejected if at least one test is
significant at adjusted o' = o/m, where m is the number of
comparisons conducted.

RESULTS

Flow of Participants

Fifty-four of 313 enrolled women did not meet the eligi-
bility criteria, leaving 259 participants to be randomized (91
for the exercise, 92 for the computer, and 76 for the control
condition), of whom 12 participants (5 of the exercise and 7
of the computer condition) refused to participate after being
informed about their group assignment and withdrew con-
sent before treatment started. Thus, 247 (95.4% of random-
ized participants; ie, 86 for the exercise, 85 for the computer,
and 76 for the contro] condition) women were allocated to
the corresponding groups, of whom 230 (93.1% of baseline,
88.8% of randomized) returned for follow-up (Figure 1).
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Women refusing to participate in the allocated intervention
program and women lost to follow-up did not significantly
differ from the remaining sample regarding sociodemo-
graphic variables, general cognitive status, and baseline
scores of neuropsychological measures. There was one ex-
ception in the control group only: Women lost to follow-up
performed significantly worse compared with those control
women available to follow-up in free recall long delay. Mod-
els were fitted to available data, not imputing missing data.
Thus, 80 women in the exercise intervention group, 81
women in the computer course group, and 69 women in the
control group were available for the intention-to-treat analy-
ses, including the women who discontinued the intervention
at any point in time but were available to follow-up. Among
the reasons for discontinuations were overcommitment,
acute diseases, and death of one woman. Three women of the
computer group were excluded from analyses of pre-post
change in one cognitive test each, due to incorrect test data
assessment. Four women of the computer condition, three
women of the exercise condition, and three women of the
control group were excluded from the analyses of pre~post
change in the 6-minute walking test due to missing data.

Dates of Recruitment and Follow-up

The baseline evaluation period of a cohort lasted approxi-
mately 4 weeks and began 5 weeks before treatment alloca-
tion. The actual group interventions started 1 week later (mean
period between baseline and intervention start 29.6 days;
median 27 days). After termination of the 6-month group
interventions, follow-up evaluations were carried out mostly
within the subsequent 2 weeks (mean follow-up 10.9 days;
median follow-up 7 days). Successive recruitment commenced
in June 2006 and the first intervention groups in September
2006. Follow-up measures of the seventh cohort started in
April 2008 and were completed by the end of that month.

Characteristics of the Study Population

Participants showed no signs of cognitive impairment
(MMSE M [SD] = 28.78 [0.96], Min = 26) or depression
(GDS-SF M {SD] = 1.83 [0.43], Max = 5); none of the
women received antidementia or antidepressant drugs.
There were no apparent group differences at baseline re-
garding age (range was 70-93 years), demographic charac-
teristics, general cognitive status, and performance in any of
the applied cognitive measures (Table 2), as well as self-
reported exercise levels and the meters completed in the
6-minute walking test.

Intervention Effects: Group Differences in Change Scores
in Cognitive Performance

ANCOVA with planned simple contrasts on the change
scores in cognitive test performance from baseline to follow-up
with 95% CI revealed that both intervention groups
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313 Assessed for eligibility

54 Excluded
44 Not meeting inclusion criteria
v 10 Refused to participate
259 Randomized

'

\

'

91 Allocated to receive
exercise intervention

92 Allocated to receive
computer intervention

76 Allocated to control
condition

\

\

5 Withdrew consent before
treatment start

7 Withdrew consent before
treatment start

v

\

6 Lost to follow-up
3 Health complaints

4 Lost to follow-up
1 Health complaints

7 Lost to follow-up
1 Health complaints

2 Withdrew consent 2 Withdrew consent 4 Withdrew consent
1 Time burden 1 Died 2 Time burden
25 Discontinued intervention 13 Discontinued intervention
19 Health complaints 6 Health complaints
1 Over-commitment 5 Over-commitment
5 Withdrew consent 1 Withdrew consent
1 Died

\

80 Included in the analysis

l ] 81 Included in the analysis

| I 69 Included in the analysis

Figure 1. Flow of participants.

exhibited better development of performance than the
control group in immediate and delayed recall in RBMT,
F(2,224) =5.14, p = .007, n? = .04 and F(2,224) = 4.44,
p = .01, n? = .04, respectively. This was also true for perfor-
mance in free recall FCSRT long delay, F(2,224) = 4.14,
p = .02, n? = .04, and in working memory in TMT B/A,
F(2,223) = 3.31, p = .04, n% = .03. There were no significant
group differences in change scores regarding performance
in free recall FCSRT short delay, F(2,224) = 2.91, p = .06,
n%=.03, Stroop Test, F(2,222) = 0.78, p = .46, and semantic
verbal fluency, F(2,224) = 0.55, p = .58. Bonferroni proce-
dure to test the global null hypothesis revealed that with
o = 5% and seven cognitive tests, m = 7, we get o' = a/m =
0.05/7 = 0.007. Thus, we can reject the global null hypoth-
esis with at least one test being significant at p = .007,
namely the immediate recall in RBMT. Effects were of
small size (.01 < 12 < .06; see Table 3).

In addition, change scores in the 6-minute walking test
were significantly different in the three groups, F(2,217) =
3.75, p = .03, n? = .03: the exercise group (n = 77; change
AM [SD] = 51.30 [75.87]) outperformed both, the controis
(n = 66; AM [SD] = 20.26 [89.27]; contrast to exercise
group: B = —31.04, SE = 13.28, 95% CI, —-57.21 to ~4.87,
n? =.03), and the computer group (n = 77; AM [SD] = 21.03

[72.93]; contrast to exercise group: B = -30.27, SE = 12.76,
95% Cl, ~55.42 to =5.13, 0% = .03).

The evaluation of change over the 6-month period within
the groups applying dependent r-tests on pre- and post-
scores (Table 3) yields that both intervention groups showed
an increase in immediate and delayed story recall (RBMT)
from pre- to post-testing, whereas the control group, in con-
trast, had similar pre- and post-test scores. The increase in
both intervention groups in story recall was large (n? >.14).
In practical terms, the increase of the exercise group in
immediate and delayed story recall was approximately 26%
and 40%, respectively, whereas for the computer group it
was roughly 30% and 35%. Regarding FCSRT long delay,
the gains for the intervention groups in contrast to the con-
trol group were due to a significant decrease of performance
in the control group from baseline to 6-month follow-up
(approximately 6.5%), whereas both intervention groups
maintained their preintervention levels. Similarly, the ad-
vantage of the intervention groups in performance on TMT
B/A resulted from a significant decrease in performance in the
control group (approximately 10%), while the computer course
maintained the preintervention performance level and the
exercise group actually increased slightly (approximately 7%),
but this effect did not reach statistical significance. Decreases
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Table 2. Characteristics of the Study Population

Demographics Total sample (N = 259)

Exercise group (n = 91)

Computer group (n =92) Control group (n = 76)

Age (years) 73.6 (4.2) 73.6 (4.0) 73.6 (4.4) 73.5(4.3)
Marital status
Married (%) 57 (22.0) 24 (26.4) 15(16.3) 18(23.7)
Widowed (%) 95 (36.7) 32(35.2) 33(35.9) 30(39.5)
Divorced (%) 71 (27.4) 25(21.5) 27(29.3) 19 (25.0)
Other (%) 36 (13.9) 10(10.9) 17 (18.5) 9(1L.8)
Education (years) 12.0 (2.6) 11.8 (2.5) 12.0 (2.6) 12.0(2.8)
Fluid intelligence (LPS-3/50+) 18.82 (4.32) 18.64 (3.91) 19.10 (4.57) 18.70 (4.51)
Educational level (Lector Test) 40.45 (4.18) 40.31 4.01) 40.50 (4.86) 40.57 (3.47)
Neuropsychological tests
RBMT immediate story recall 6.56 (2.34) 6.27 (2.30) 6.45 (2.20) 7.04 (2.50)
RBMT delayed story recall 5.49 (2.12) 5.17 (1.88) 5.50(2.14) 5.87(2.33)
Free word recall FCSRT short delay 35.15 (4.69) 35.43 (4.03) 34.89 (4.69) 35.12 (5.41)
Free word recall FCSRT long delay 13.68 (1.81) 13.46 (1.60) 13.73 (1.62) 13.87(2.22)
Semantic verbal fluency 24.68 (5.00) 24.85 (5.53) 24,29 (4.97) 24.93 (4.37)
Stroop Test 25.46 (10.66) 25.86 (11.72) 24,43 (9.42) 26.22 (10.79)
TMT B/A 2.45 (0.84) 2.57(0.78) 2.40 (0.98) 2.36 (0.70)
General cognitive status (CERAD)
Boston Naming Test 14.20 (1.02) 14.09 (1.08) 14.20 (1.01) 14.34 (0.93)
Mini-Mental States Examination 28.76 (0.97) 28.80 (0.89) 28.84 (0.94) 28.62 (1.08)
Figure items drawn 10.18 (1.22) 10.18 (1.23) 10.18 (1.21) 10.18 (1.24)
Figure items drawn delayed 8.60 (2.13) 8.41(2.14) 8.66 (2.21) 8.75 (2.03)
Total words recalled immediately 21.17 3.07) 21.01 3.09) 21.18 (3.34) 21.34(2.71)
Total words recalled delayed 7.04 (1.76) 7.08 (1.75) 6.90 (1.83) 7.16 (1.72)
Physical exercise and fitness
Self-reported exercise level 1.32 (1.83) 1.50 (1.91) 1.36 (1.81) 1.08 (1.73)
Meters completed in 6-min walking test 354.20 (107.10)* 354.37 (106.90)* 351.89 (108.61) 356.80 (106.86)

Notes: Values are means (SD) unless stated otherwise. FCSRT = Free and Cued Selective Reminding Test; LPS-3/50+ = Leistungs-Priif-System (Performance
Test System), Version 50+; RBMT = Rivermead Behavioural Memory Test; TMT = Trail Making Tests. For most measures, higher scores indicate better performance.
The range of scores on the LPS-3/50+ is 0-40; the range of scores on the Lector Test is 0-48; the range of scores on RBMT story recall is 0-21; the range of scores
on the free recall FCSRT short delay is 0-48 (sum score of three recall trials short delay separated by distractors) and on the free recall FCSRT long delay is 0-16;
the range of scores on fluency is O to open end; the range of scores on the Boston Naming Test is 0—15; the range of scores on Mini-Mental State Examination is 0~30,
with scores from 30 to 26 indicating no cognitive impairment; the range of scores on figure items drawn js 0—11; the range of scores on total words recalled immedi-
ately is 0—30 (sum score of three consecutive immediate recall trials) and on total words recalled delayed is 0—10. For the following measures, higher scores indicate
worse performance: The Stroop Test score is measured by time for task performance in the color—word interference task less the time needed to perform the simple
color task: TMT B/A scores are a quotient of time needed to solve part B over time needed to solve part A. Self-reported exercise levels were defined as hours per

month spent on sports implying quickened pulse and perspiration.
*Total n = 258, exercise group n = 90, due to missing data.

in FCSRT long delay and working memory (TMT B/A)
in controls were of medium (n? > .06) to large size (n? >
.14). In all three groups, FCSRT short delay and semantic
verbal fluency remained stable, while the Stroop task per-
formance improved significantly (small to medium effects;
see Table 3).

DiscussIoN

Using either a stimulating physical or mental activity,
this 6-month intervention study demonstrates that in
healthy, older women, naturalistic episodic memory
function increased while episodic memory in the classi-
cal experimental condition and working memory were
maintained. Interestingly, the exercise group and the
computer course group were not found to differ in any of
the studied cognitive abilities. The question whether the
effects of the two training types would be additive or
interactive has not been addressed. Finally, no statisti-
cally significant differences in change in semantic verbal

fluency and in suppression of irrelevant information were
found between the three groups. ‘

This direct head-to-head comparison between a physical
and a mental intervention demonstrates that participation in
either of both new activities results in gains in, or mainte-
nance of, cognitive performance in older women. The com-
mon denominator of these activities was the management of
new complex situations. From preclinical studies in labora-
tory animals it is well known that an enriched environment
has neuroprotective effects. Appropriate intellectual stimuli
and specific cognitive effort are necessary to make use of
this potential (31). Physical or cognitive activities in the
present study might tap this potential, thus improving the
plasticity of the aging brain to reduce cognitive senescence
in humans.

One explanation of the gains in naturalistic episodic
memory of the intervention groups is that both activity types
augment strategy learning for everyday memory because the
task is quite similar to daily life activities (32). Regarding
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Table 3. Activity Intervention Effects: Comparison of Change in Cognitive Performance

Within-Group Contrast
(t-tests), Baseline to

Between-Group Contrast
(ANCOVA), Intervention vs.

M (SD) Change AM Control Group Follow-up
ANCOVA Main Result Group Pre Post (SD) B (95% CI) SE 1 t d p n?
RBMT immediate Exercise group (n = 80) 6.38 (2.35) 8.06 (2.60)y 1.69(2.57) 1.02(0.23t01.81) 0.40 .03 586 79 <001 .30
recall; F(2,224)=5.14, Computer group (n =81)  6.32 (2.21) 822(294) 190293 1.22(04310201) 040 .04 584 80 <001 .30
p=.007, 1= 04 Control group (n = 69) 7.12 (2.49) 7.32(228) 0.20(3.02) 0.56 68 .58
RBMT delayed recall;  Exercise group (n = 80) 5.26 (1.93) 7.35(2.68) 2.09(2.66) 1.11(0.31t101.92)y 041 .03 7.03 79 <001 .38
F(2,224)=4.44, Computer group (n =81)  5.38 (2.14) 727(2.68) 1.89(2.88) 1.02(0.21t01.82) 041 .03 550 80 <001 .30
p=.01,n*=.04 Control group (n = 69) 5.92(2.32) 6.44 (2.30)  0.51 (3.10) 1.39 68 .17
FCSRT short delay; Exercise group (n = 80) 35.65(3.89) 36.05(4.25) 0.40(3.43) 1.04 79 .30
F(2,224) =291, Computer group (n =81)  35.15 (4.63)  34.69 (5.21) ~0.46 (4.25) -0.97 80 .34
p=.06,12=.03 Control group (n = 69) 3548 (5.07)  34.52(4.32) -0.96 (5.01) -1.59 68 .12
FCSRT long delay; Exercise group (n = 80) 13.48 (1.56) 13.65(1.58) 0.18(1.90) 0.67(0.16t01.17)  0.26 .03 082 79 41
F(2,224)=4.14, Computer group (n=81)  13.68 (1.64) 13.67(1.61) -0.01(1.76) 0.62(0.12t01.12) 025 .03 -0.06 80 .95
p=.02,1=.04 Control group (n = 69) 14.07 (1.87)  13.16 (1.70) -0.91 (2.15) -353 68 .001 .15
Semantic verbal fluency; Exercise group (n = 80) 24.66 (5.63) 25.60(5.34) 0.94 (6.00) 140 79 .17
F(2,224) =0.55, Computer group (n =81)  24.33(5.02) 24.96(492) 0.63(4.37) 1.30 80 .20
p=.58 Control group (n = 69) 25.10 (4.10)  25.07 (4.29) -0.03 (4.70) -1.16 68 .96
Stroop Test; Exercise group (n = §0) 25.16 (9.94) 23.50(8.89) -1.66(7.17) -207 79 .04 .05
F(2,222) = 0.78, Computer group (n =79)* 24.29(9.38) 22.09 (8.63) —2.20 (6.67) =293 78 .004 .10
p=.46 Control group (n = 69) 26.23 (10.92) 23.09(6.97) -3.14(8.11) =322 68 .002 .13
Trail Making Tests B/A; Exercise group (n = 80) 2.54 (0.75) 2.36 (0.67) -0.18(0.91) -0.27 (-0.50t0-0.04) 0.12 .02 -1.76 79 .08
F(2,223) =3.31, Computer group (n = 80)*  2.31 (0.71) 2.34(0.78) 0.03 (0.90) -0.25(-0.47tw0~0.02) 0.12 .02 029 79 .77
p=.04,1%=.03 Control group (n = 69) 2.36 (0.68) 2.60(0.83) 0.24 (0.63) 2.10 68 .04 06

Notes: ANCOVA = analysis of covariance; CI = confidence interval of B; df = degrees of freedom; FCSRT = Free and Cued Selective Reminding Test; LPS-3/50+ =
Leistungs-Priif-System (Performance Test System), Version 50+; RBMT = Rivermead Behavioural Memory Test; SD = standard deviation; SE = standard error of B.
Results of ANCOVA with simple contrasts. Covariates included educational level (Lector Test), fluid intelligence (LPS-3/50+), and corresponding baseline measure.
Planned simple between-group contrasts were reported only if the main effect of group on a measure was significant. B signifies a benefit over the control group in
the scale unit of a corresponding measure (unstandardized parameter estimate) adjusted for covariates. AM denotes mean pre—post change, that is, mean of post-test
minus pre-test scores, n° denotes the effect size (72 = .01, small effect; n? = .06, medium effect; n? = .14, large effect). Listed between-group contrasts were significant

atp <.05.

*Three women of the computer group were excluded from analyses of pre—post change in one cognitive test each (n = 2 in Stroop Test; n = | in Trail Making
Tests) due to incorrect test data assessment.

episodic memory in the classical experimental condition
and working memory, maintenance of performance might
have been achieved because activity and the inherent
demand to face new challenges may have led to cognitive
flexibility and an improved use of compensatory strategies
in neuropsychological functions. Thus, we can conclude
that learning results derived from the activities generalize to
performance on specific laboratory cognitive tasks.

Results from this intervention study agree with findings
from epidemiological prospective studies suggesting that
physical or cognitive activity has preventive effects on
age-related cognitive decline (33). By and large, our re-
sults are consistent with reviews concluding that cognitive
maintenance and age-related decline can be positively
influenced by intellectually stimulating activities and fit-
ness training (2,9). However there are no meta-analyses
available that report on broader cognitive challenges, let
alone the simultaneous examination of physical and cogni-
tive stimulation in the same analysis. The most exhaustive
meta-analysis on the effects of physical activity examined
supervised intervention studies in people older than
55 years and found that executive functions benefit the
most (7). In addition to this, we demonstrated pronounced

effects in two measures of episodic memory—a domain
that was not considered as possible outcome in the meta-
analysis by Colcombe and Kramer (7). Due to varying
methodology, it is hard to draw firm conclusions from
comparison with other studies, but possibly the long pro-
gram duration and the intensity of our courses resulted in
the distinct effects of our study.

In a recent intervention study, Lautenschlager et al. stud-
ied a sample of 170 memory complainers, most of whom
were mildly cognitively impaired. They found that a 6-month
physical activity program provided modest improvements in
the cognitive subscale of the Alzheimer Disease Assessment
Scale (5). Contrary to their study, in our trial, the imple-
mented activities were indeed new for the participants and
we compared a physically with a mentally challenging activ-
ity. Through the supervised group interventions that were
stipulated in the manuals it was ensured that all participants
got the same standardized treatment and adhered to the
intervention, It is noteworthy that our sample consisted of
healthy, well-functioning women without any signs of cog-
nitive impairment or dementia. Despite this, the interven-
tions showed potential to either increase memory or prevent
its decline. Thus, our findings are promising in the context of



risk reduction of dementia and are consistent with findings
showing that not only cognitive training but also education
and an engaged lifestyle might reduce the risk of dementia
(34,35).

Dropout rates were relatively low and compliance quite
high in our study (cf. Figure 1). This was most likely due to
our procedure of contacting all participants, including those
of the control group, on a regular basis by phone. Such brief
but regular incentives should be implemented in health pro-
grams along with stringent documentation of attendance to
endorse satisfactory compliance.

The fact that dropouts in the control group performed sig-
nificantly worse in one of the measures of memory (free
recall long delay) at baseline argues in favor of our interven-
tions, strengthening the notion that our interventions actu-
ally led to an advantage over the control group. Those
dropouts in the control group with low baseline performance
likely would have increased the gap in change scores even
more between the control and the experimental groups.
Thus, results obtained for participants completing the study
appear to be internally valid.

The performance on the Stroop task measuring executive
attention, that is, organizing inhibition of irrelevant informa-
tion, was not influenced by the interventions. The finding that
all three groups increased in performance points to a practice
or retest effect, which is most probably due to the fact that at
post-test participants are already familiar with the task. This
would put the usefulness of the Stroop test for the assessment
of change into question, especially because a reasonable par-
allel version that could abolish the practice effect practically
cannot be constructed due to the nature of the test.

Limitations

There are some limitations of our study that need to be
addressed. First, we studied different cognitive outcomes in
only one sample. However, it was our goal to apply two
broad, rather unspecific and very different interventions and
to evaluate their effects on cognitive domains known to be
age sensitive. This issue might raise concerns about bias by
inflated alpha errors due to multiple comparisons done
within one sample. To address this possible problem, we
confirmed the significance of our results by applying the
Bonferroni procedure.

Second, one might be surprised that there was a decline in
test scores of the control participants after only half a year.
One might suspect that participants of the control group
were less motivated to perform their best. However, there
were no women that appeared to be less motivated at post-
testing; on the contrary, it was impressive how competitive
all women were. Thus, we reason that this finding is best
explained by a small but significant aging-associated loss.

Third, no statistically significant differences have been
detected between the two experimental groups. One might
argue that the force driving equal benefits was the social
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contact both intervention groups enjoyed. We cannot refute
this completely; however, prior intervention studies have
revealed no differences in cognitive improvement between
a social contact control group and a passive control group
(36,37).

Finally, we used a single-, not a double-, blind design.
However, to design a “placebo” control group would be
methodologically challenging and, furthermore, to keep
participants fully blinded would raise ethical questions.

Conclusions

Both activity programs in the present study are suitable
for everyday life. Due to their nonspecificity, they provide
the potential to be implemented in the daily routine of a
large group of older people—an advantage over the specific
cognitive training programs used in other studies. More-
over, engaging in a new and interesting cognitive or physi-
cal activity to maintain or improve cognitive fitness may not
only lead to gains in cognitive test performance but may
contribute to sustained independence. Fluid cognitive
abilities, like episodic memory and executive function, have
been linked to problem solving in daily life and mainte-
nance of activities of daily living or improvements in every-
day abilities (9,38,39). In this context it is noteworthy that
especially the course teaching computer skills to novices
was greatly appreciated by the older women who felt con-
nected to modern technology. Biomedical models empha-
size good mental functioning as an important determinant
of successful aging while sociological models underline
components such as life satisfaction, social functioning, and
participation (40).

To our knowledge, the present study is the first to evalu-
ate the effects of a multifaceted, new mental or physical ac-
tivity in a large randomized controlled trial of older,
well-functioning women. Taken together, our results sug-
gest that different activity types, that is, mental activity or
exercise, are equally suitable to support cognitive perfor-
mance in older women. Challenge and novelty are presumed
to be of particular importance. Becoming active in an exer-
cise course or starting to work (and play) with the computer
not only sustains cognitive performance but appears to help
to postpone decline in those cognitive domains where pro-
nounced age-related losses otherwise occur.
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