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Summary Aging adults are vulnerable to the effects of a negative emotional state.
The relaxation response (RR) is a mind–body intervention that counteracts the
harmful effects of stress. Previous studies with relaxation techniques have shown the
non-pharmacological benefit of reducing stress and improving the memory of healthy
older adults. Our pilot study evaluated whether a RR training program would
decrease anxiety levels, improve attention, declarative memory performance and/
or decrease salivary cortisol levels in healthy older adults. Fifteen adults
participated and were randomly assigned to a RR training or control groups. Mean
age was 71.3 years and mean education level was 17.9 years. Reaction time on a
simple attention/psychomotor task was significantly improved (po0.0025) with RR
training, whereas there was no significant improvement on complex tasks of
attention, verbal, or visual declarative memory tests. Self-reported state anxiety
levels showed a marginally significant reduction (po0.066). All subjects’ salivary
cortisol levels were within low-normal range and did not significantly change. Our
5-week program in highly educated, mobile, healthy, aging adults significantly
improved performance on a simple attention task.
& 2006 Elsevier Ltd. All rights reserved.
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for the completion of the
Degree of Master of Arts
The authors have no

Medical Institute and
eaconess Medical Center,
Street, Chestnut Hill, MA
+1 617 991 0113.
harvard.edu (J.A. Dusek).
Introduction

The interrelationship of stress, aging, and memory
performance has shown that increased levels of
anxiety can interfere with an older adult’s learning
and memory. Increased levels of glucocorticoids
(GC), such as cortisol, suppress normal function of
the hippocampus, which has a high concentration
of Type II GC receptors in the CA1 and CA3 regions.1

Lupien and associates2 have shown a strong
relationship between elevated GC levels and
d.
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Table 1 Demographics characteristics of all subjects.

Measure Control ðn ¼ 7Þ M SD R RR ðn ¼ 8Þ M SD R

Gender
Females 3 5
Males 4 3

MMSE� 28.6 (1.6) 28.7 (1.6)
Vocabulary�� 63.7 (7.5) 60.6 (16.6)
Education (yr) 18.6 (2.9) (14–22) 17.4 (4.3) (8–22)
Age (yr) 69.4 (3.4) (66–76) 73.0 (3.7) (68–80)

M, mean; SD, standard deviation; R, range.
�Maximum score ¼ 30.
��Maximum score ¼ 70.

Table 2 Sequence of neuropsychological testing
session.

1. Salivary Cortisol Reading 1
2. Rey’s Auditory Verbal Learning Test (RAVLT)
3. Trail Making Test A13

4. Trail Making Test B13

5. Verbal Paired Associates14

6. Visual Reproduction14

7. Digit Symbol Test15

8. RAVLT Recall Delay
9. RAVLT Recognition Delay

10. Verbal Paired Associates Delay
11. Visual Reproduction Delay
12. Digit Symbol Test Delay
13. Beck’s Depression Inventory-II (BDI-II)16

14. State-Trait Anxiety Inventory (State, Form Y-1)17

15. State-Trait Anxiety Inventory (Trait, Form Y-2)17

16. Salivary Cortisol Reading 2
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decreased memory task performance in older
adults. GC exposure acts as a pacemaker of aging
in an area of the brain known to support declarative
memory performance.1

In 1974, Dr. Herbert Benson first described a
coordinated physiological response that is charac-
terized by decreased arousal, diminished heart
rate, respiratory rate, and blood pressure, in
association with a state of ‘‘well-being’’.3,4 This
physiologic state was subsequently defined as the
‘‘relaxation response’’3,5 and hypothesized to op-
pose the physiological changes caused by stress,
such as the ‘‘fight or flight’’ response described by
Cannon6 and the ‘‘general adaptation response’’ to
stress described by Selye.7

Numerous techniques, including progressive mus-
cle relaxation, meditation, guided imagery, bio-
feedback, the pre-suggestion phase of hypnosis,
deep breathing exercises, autogenic training, tai
chi, Qi gong and yoga can elicit the relaxation
response (RR). Researchers have demonstrated the
benefit of such non-pharmacological techniques to
reduce stress and improve the intellectual perfor-
mance of healthy older adults.8–10 At the same
time, the RR has shown to be an effective
therapeutic measure as it is a counterbalancing
mechanism to the stress response.5,11

In the present study, we examined whether a 5-
week RR-training program at the Mind/Body Medical
Institute (M/BMI) would decrease self-reported state
anxiety levels, and whether that reduction in anxiety
would be associated with improvements in attention,
and/or improvements in declarative memory perfor-
mance or decreases in salivary cortisol levels.
Subjects and methods

Informed consent was obtained from all study
subjects in accordance with the Declaration of
Helsinki.
This project was approved by the Institutional
Review Board at the Beth Israel Deaconess Medical
Center. Adults from 65 to 80 y were recruited from
local senior community centers, university/conti-
nuing education newspapers, and the local Council
on Aging. All subjects were screened for a previous
psychiatric or neurological condition and were
required to score above 26 on the Mini-Mental
State Exam (MMSE).12 Fifteen subjects of 21
respondents met these criteria. Fifteen subjects
were randomly assigned to the control ðn ¼ 7Þ or
the RR-trained ðn ¼ 8Þ group and the examiner
(JAG) was unaware of all subjects’ group assign-
ment. Table 1 represents the demographics for all
subjects.

Table 2 shows the testing session sequence. All
subjects abstained from eating, drinking, and smok-
ing 1 h prior to collecting saliva. All subjects chewed
a sterile non-covered cotton roll (Salivettes kit,
Sarstedt Corporation, Newton, NC) for 60 s.
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All subjects’ salivary cortisol levels were collected
at the same time of day, both before (9:30 am) and
after (12:30 pm) the neuropsychological and mem-
ory tests. The samples were kept at �20 1C until
assayed by the ImmuChemTM Cortisol 125-I RIA kit
(ICN Biomedicals, Inc., Diagnostics Division, Costa
Mesa, CA) and read by a gamma counter.

In between testing the salivary cortisol levels,
the sequence of the 14 neuropsychological and
memory tests included: Rey’s Auditory Verbal
Learning Test (RAVLT), Trail Making Test A,Trail
Making Test B, Verbal Paired Associates, Visual
Reproduction, Digit Symbol Test, RAVLT Recall
Delay, RAVLT Recognition Delay, Verbal Paired
Associates Delay, Visual Reproduction Delay, Digit
Symbol Test Delay, Beck’s Depression Inventory-II
(BDI-II), State-Trait Anxiety Inventory (Form Y-1),
State-Trait Anxiety Inventory (Form Y-2).

Over 5 successive weeks, subjects participated in a
1.5h RR training, which was led by an experienced
teacher of meditation, imagery and relaxation tech-
niques (GRD) at the M/BMI. In addition, the RR-trained
subjects listened to an RR audiotape for 20min per
day at home and completed daily log sheets. This
regime is in keeping with the typical RR curriculum.3,5

The daily logs were collected and assessed each week,
with 100% subject compliance. In comparison, the
control group subjects did not receive any RR training
or additional instruction regarding improved well-
being over the 5-week period.

For data analysis, repeated-measures and factor-
ial ANOVAs were used to evaluate the significant
differences among the control and RR-trained
groups. A p-value ofo0.05 was considered to be
statistically significant.
Results

Fifteen adults, eight women (53.3%) and seven men
(46.7%) from the Greater Boston area, partici-
Table 3 Trail making: control vs. RR.

Pre-test

M SD

Trail A
Control 34.5 (8.5)
RR 43.4 (10.2)

Trail B
Control 87.6 (32.4)
RR 111.4 (44.4)

M, mean; SD, standard deviation; RR, relaxation response.
pated. Mean age was 71.3 years (ranged from 66 to
80 years) and mean education level was 17.9 years
(ranged from 8 to 22 years). All subjects’ vocabu-
lary performance was 490% when compared with
normative data.15 All subjects rated themselves in
good health. The 15 subjects were randomly
assigned to the control ðn ¼ 7Þ or RR-trained
ðn ¼ 8Þ groups. There was no significant demo-
graphic differences ða ¼ 0:05Þ between the two
groups. However, there was a greater range in years
of education in the RR-trained group (8 to 22 years)
compared to the control group (14 to 22 years), as
reflected in the larger standard deviation for the
vocabulary mean prior to RR-training.

Reaction time on a simple attention and psycho-
motor task (Trail Making Test A) was significantly
improved in RR-trained subjects compared with
control subjects (po 0.0025) (Table 3). A factorial
ANOVA indicated a trend toward the control group
performing better than the RR-trained group at
pre-assessment (po0.090). There were no signifi-
cant group differences pre- and post-training in
complex attention tasks (Trail Making Test B and
Digit Symbol Test), verbal (RAVLT and Verbal Paired
Associates Test), and visual (Visual Reproduction
Test) memory tasks.

State anxiety levels showed a marginally sig-
nificant reduction (po0.066) in the RR-trained
group as compared to the control group. A factorial
ANOVA showed that the RR-trained group was
significantly more anxious at pre-assessment as
compared to the control group (po0.046). Tables 4
and 5 indicate that there was no significant group
difference on the depression scale nor was there a
difference between the two groups for salivary
cortisol levels before and after the memory tests at
pre- and post-assessment of 5-week period.

Table 5 shows the four time points between the
two groups: pre-A is before the memory tests at the
initial session, post-A is after the memory tests at
the initial session, pre-B is before the memory tests
after 5 weeks, post-B is after the memory tests
Post-test p-value
a ¼ 0:05

M SD

34.5 (5.5)
33.5 (8.3) 0.0025

70.3 (27.9)
103.6 (77.2) 0.73
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Table 5 Salivary cortisol secretion levels: control vs. RR (nmol/l).

Pre-A Post-A p-value
a ¼ 0:05

Pre-B Post-B p-value
a ¼ 0:05

M SD M SD M SD M SD

Control 8.4 (2.1) 6.7 (4.2) 0.79 7.2 (3.9) 6.1 (4.2) 0.65
RR 10.0 (10.5) 9.9 (5.5) 9.9 (14.3) 6.3 (6.5)

M, mean; SD, standard deviation; RR, relaxation response.

Table 4 BDI-II, State & trait anxiety: control vs. RR.

Pre-test Post-test p-value
a ¼ 0:05

M SD M SD

BDI-II
Control 2.7 (2.8) 3.7 (4.5)
RR 4.0 (3.2) 2.3 (2.2) 0.14

State anxiety
Control 24.7 (4.6) 33.1 (14.5)
RR 35.1 (11.7) 29.4 (8.5) 0.066

Trait anxiety
Control 28.1 (7.4)
RR 36.4 (10.2) — —

M, mean; SD, standard deviation; RR, relaxation response.
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after 5 weeks. One RR-trained subject had un-
detectable salivary cortisol levels at pre-A, post-A,
pre-B, post-B time points and the data analysis
reflects this.
Discussion

Our findings indicate that the facilitation of the 5-
week RR training program benefited aging subjects
in only one aspect of memory improvement. When
compared to the control group, the RR-trained
group reported significantly improved simple atten-
tion performances while salivary cortisol levels
remained at low-normal levels and state anxiety
levels were only marginally reduced. In contrast to
previous research, the RR-trained subjects’ self-
reported decrease in state anxiety was not paral-
leled by a reduction in salivary cortisol levels.18–20

It should be noted that all our subjects’ salivary
cortisol levels are within the low-normal range for
healthy older adults. As such, it appears that there
was little opportunity for salivary cortisol values to
be influenced by RR training over a 5-week period.
In our small sample size, there were significant
pre-assessment group differences. At baseline, the
control group reported to have lower state and
trait anxiety levels, lower levels of depression
index, lower salivary cortisol, and faster trail
making A and B attentional memory tasks. How-
ever, at post-assessment, the control group re-
mained at their baseline after the 5-week period,
whereas the RR-trained group improved, while not
always significantly, in all tested areas. This
emphasizes that while the two groups were not
equivalent at baseline, it cannot be assumed with
such a small total sample size ðn ¼ 15Þ that the two
groups would be equivalent in either state anxiety
or neuropsychological functioning. At the same
time, would the control group’s lower stress levels
also benefited from the RR-training program? We
definitely believe so; in fact, after our initial 5-
week pilot study, 6 of the 7 control group subjects
participated in a subsequent 5-week RR-training
course. Findings comparing the six subjects of the
control group to themselves with 5-weeks of RR-
training showed significantly improved attentional
memory and a significant reduction in self-reported
state anxiety levels with no significant changes in
salivary cortisol levels.21
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While previous studies of the HPA adaptation
process indicate that increased stress is associated
with the rate of cortisol secretion,22 there is
considerable variation among the cortisol levels of
aged human adults.23 Further evidence for sub-
groupings comes from a longitudinal study of basal
cortisol levels of healthy, older adults: cortisol
levels increased in one subgroup, decreased in
another, and remained stable in a third.24 Similarly,
Preville et al.25 reported that healthy older adults
did not have a consistent pattern of salivary cortisol
measurement over time. It may be that our
subjects represent an older adult sub-grouping that
has maintained stable salivary cortisol levels over
the years. However, as consistent with previous
research,9,26,27 our findings show that healthy, non-
depressed older adults improve their performance
on an attention task and self-reported anxiety
decreases levels with relaxation training.

Concerning the lack of declarative memory
improvement with the RR-trained group, it is
important to note that 7 of the 8 subjects had
more than 16 years of formal education. Over a
dozen previous studies using relaxation training
with healthy older adults reported a mean level of
education from 8 to 15 years, whereas only one
other known study had a comparable level of
education at 17.8 years.25 Formal intellectual
training in this small sample size may have limited
our ability to detect any RR related benefits on
declarative memory performance. Specifically,
Compton et al.28 suggest that relaxation methods
may not improve highly educated subjects’ retrie-
val process through the hippocampal system be-
cause the years of educational training have
facilitated a higher level of memory organization
and consolidation at baseline. In this way, more
highly educated older adults may exhibit increased
compensation against the effects of aging as
compared to less educated older adults. Future
studies of RR training should be conducted in more
subjects with less education.

The methodological limitations of our 5-week
pilot study include a small sample size, as well as
the highly mobile, healthy and motivated subjects,
as the study took place in a medical university
setting. Further studies should include a larger
sample size, subjects without previous exposure to
relaxation training, subjects with non-normal sali-
vary cortisol levels, and that training could be
conducted in a community dwelling/senior center
setting. A large sample size would also help with a
baseline assessment of more equivalent levels in
stress and memory performance. We believe that
these changes may provide a suitable setting in
which to evaluate the effects of RR-training
program upon salivary cortisol levels and declara-
tive memory performance in healthy, older adults.
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