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Abstract
Background: Self-rated sleep disorders are common in older adults, resulting in various health problems. Two types of
exercise are suggested as an affordable and accessible non-pharmacological treatment and are being compared and
discussed. Objectives: This randomized, controlled, 12-week trial investigates the effects of different types of exercise
(resistance vs chair yoga training) on subjective sleep quality, in women with Mild Cognitive Impairment (MCI).
Methods: In order to measure cognitive function, the Mini-Mental State Examination (MMSE) was used. Forty nine
participants enrolled in the study were randomized to a resistance training program (n=16), or a chair yoga program
(n=15), or a control group (n=18). All participants engaged in cognitive activities. Results: At baseline, PSQI scores for
CYG, RTG and CG (8.2±5.1, 6.1±4.3, 7.4±4.1, respectively) and MMSE (28.3±1.4, 27.8±1.2, 28.0±2.3, respectively)
did not differ statistically between the three groups (F2,46= 1.993, p= 0.143). After the intervention, a significant
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improvement in PSQI total score was noted in resistance training group (t=2.335, df15, p=0.03). Conclusions: There
were no significant differences between groups before and after test for the PSQI subscale scores (sleep onset latency
(h), time spent in bed before sleep (min), morning waking up (h) and sleep duration (h)). No significant difference was
found in PSQI subscales scores within each group. This study proposes that resistance training is an effective treatment
approach to improve sleep quality in women with mild cognitive impairment.
Keywords: Exercise, chair yoga, dementia, self-rated sleep, cognitive decline
1. Introduction
Sleep disorders, such as trouble falling asleep and waking up repeatedly during the night, describe an under recognized
although common public health problem among older adults that is stated in 50% of people aged ≥65 (Foley et al.,
1995), has cumulative negative impact on physical and mental health (Chaput, 2010; Kripke et al., 2002) and possibly
affects quality of life (Chiba, 2013). Sleep disorders can affect daytime function in older adults and has been associated
with various damaging health consequences such as anxiety, obesity, diabetes, hypertension, heart attack, stroke and an
increased risk of depression (Chaput & Tremblay, 2012; Dotto, 1996) as well as cognitive decline and functional
impairment (Dotto, 1996; Bliwise, 1993; Yaffe et al., 2011). All of the above health problems along with increasing age
increase the risk of Mild Cognitive Impairment (MCI). MCI is an intermediate clinical state between normal aging and
dementia (Petersen et al., 1999). Older adults with MCI and dementia usually complain about insomnia or excessive
daytime sleepiness (EDS) (Guarnieri & Sorbi, 2015) that affects their overall quality of life. To date, the most common
treatments for sleep problems are still pharmacological. However the size of the effect is unclear, probably due to
diverse populations. Additionally the increased risk of adverse events was found to be statistically significant and
potentially poses a risk factor for falls or cognitive impairment (Glass et al., 2005; Wilson et al., 2011) thus not typically
recommended for long-term use (Schutte-Rodin et al., 2008). Taking into account the undesirable side effects of
pharmacological interventions in addition to the large number of other drugs that older adults often take combined with
insomnia medication, there is a significant need to identify safe and effective non-pharmacological approaches in order
to treat sleep disorders. Previous reviews have stated that non-pharmacological treatments are as effective as
pharmacological therapies for older adults with insomnia (Morin et al., 1999). Physical activity is one such alternative
treatment option that is accessible, at low cost, improves mood, increase activity levels, affects numerous health systems
as it has been shown that by altering certain sedentary behaviors we could modify cardiovascular risk factors (Lenz et
al., 2014) and possibly improves sleep. The American Sleep Disorders Association (ASDA) states that exercise is one of
the non-pharmacological interventions used to promote sleep (Hauri, 1993) and other corroborating studies have
investigated the same association (Bailargeon et al., 1996; Driver and Taylor, 2000; Fetveit, 2009). It is generally
believed that regular exercise could improve sleep quality and recent studies have also explored this hypothesis (Reid et
al., 2010; Kamrani et al., 2014; Kashefi et al., 2014; Erlacher et al., 2015). Recent studies have demonstrated that, yoga
training have improved self-reported sleep quality in addition to improved quality of life and decreased depression in
older adults (Hariprasad et al., 2013). In addition, aerobic and anaerobic simple exercises have shown a significant
effect on depressive symptoms of women with renal transplants (Shakoor et al., 2016). Likewise, moderate-intensity
exercise such as low impact aerobics, brisk walking and stationary cycling can be beneficial in healthy sedentary older
the effects of various types of exercise on sleep in older adults with MCI are still limited and the evidence for a positive
effect on sleep is sparse with unclear findings mainly due to the limited number of participants. Most studies examining
the effects of exercise on sleep have focused on moderate aerobic exercise (Sharif et al., 2015; Lira et al., 2011). In
addition, to the best of our knowledge, there is limited data available in chair yoga intervention and in resistance
exercise (Faria et al., 2009; Ferris et al., 2005) evaluating the effects of these types of exercise on sleep quality.
2. Methods
2.1 Study Design
This is a randomized controlled study approved by the Ethical Committee of the Greek Alzheimer Association and met
the ethical standards (Harriss & Atkinson, 2015). Subjects willing to participate in the study signed a written consent
after oral information about the objectives of the study. Each Day Care Center of the Athens Alzheimer Association and
Related Disorders as a block was randomized to chair yoga (CYG), resistance training (RTG) or control group (CG) by
an independent researcher who was not involved in assessments (Figure 1).
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Eligible participants (N=91)
Not randomized (N=34)
57 consisted to participate

18 assigned to Resistance
Training Group

20 assigned to Control Group

19 assigned to Chair Yoga Group

4 dropped out

2 dropped out

2 dropped out

Figure 1. Flow chart demonstrating random allocation of the subjects to the three groups
2.2 Participant Characteristics
Participants (n=49) included in the study fulfilled diagnostic criteria (Petersen & Morris, 2005). To assess cognitive
function the Mini-Mental State Examination (MMSE) was used. The participants should not have been engaged in any
other type of physical activity over the previous 3 months. Other excluding factors were major depressive disorder and
an inability to perform a physical exercise program due to medical reasons, namely clinical evidence of unstable cardiac
disease, uncontrolled hypertension and pulmonary disease such as asthma. The reasons for the 34 not randomized in the
study were due to lack of interest (N=16), refusal to participate (N=18). From the forty nine (N=49) participants
enrolled in the study, 16 assigned to resistance training group (RTC), 15 to chair yoga group (CYG) and 18 to control
group (CG). All participants engaged in cognitive activities.
2.3 Materials and Procedures
Body weight (kg) and height (meters) were measured in order to determine BMI (kg/m2). Weight was measured to the
nearest 0.1 kg on a portable digital body scale and height was measured to the nearest 0.5 cm on a stable stadiometer.
All participants completed the Senior Fitness Test in order to assess their physical fitness level (Rikli & Jones,
1999).This battery measures a variety of physiological parameters and functional activities and is especially useful for
tracking a person over time It is an assessment tool developed and validated in older adults, quick and easy to
administer and has comprehensible instructions for the participants. It is low-cost and requires easy-to-use equipment.
All groups were tested before intervention and after 12weeks intervention period. On the test day, participants firstly
performed a 10 minute warm up under the guidance of an exercise instructor and then completed the senior fitness test
items. Warm up included head half circles and turns, single arm crossovers, check stretch, calf and hamstringing stretch
(Rikli & Jones, 2001). Moreover, participants completed three days before assessment, one trial of each test item to
become familiarized with the assessment test items, according to the recommendations of Rikli & Jones (1999). Scoring
was then noted on a performance sheet. Senior fitness test is a widely used standardized and safe assessment for
providing information about physical fitness in older people with mild cognitive impairment (Hesseberg et al., 2016;
Lee SH et al., 2016). Six assessment items are involved in the Senior fitness test (Rikli & Jones, 2001) and will be
described briefly: 1) arm curl for upper body strength. The score is the total number of hand-weight curls performed in
30sec, 2) 30-Second Chair Stand to assess lower body strength and the score is the total number of stands executed
within 30sec, 3) 2-Minute Step Test (aerobic endurance). The score is the number of times right knee reaches the
required height, 4) Chair Sit-and-Reach (lower body flexibility) and the score is the distance achieved between extended
fingers and tip of toe, 5), Back Scratch measures the upper body flexibility and the score is the distance between
extended middle fingers, and 6) 8-foot Up-and-Go to measure agility and dynamic balance and the score is the best time
achieved to get up from a seated position, walk 2.44 m, turn, and return to seated position. The test battery was
performed before and after the 12-week intervention under the same conditions. Berg Balance Scale (Berg et al., 1992)
is widely used 14-item scale designed to measure and assess the balance of the older adults using a performance score.
Subjective sleep quality was measured by the validated self-rated sleep questionnaire PSQI at the baseline and after 12
weeks. There are 18 individual items, with the majority of the questions utilizing a 4-point Likert-type scale, that
generate seven “component” scores, each with a score ranging from 0 (no difficulty) to 3 (severe difficulty). The seven
component scores are namely: Subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep
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disturbances, medication use and daytime dysfunction due to poor sleep quality.
2.4 Intervention
The 45-minute classes, twice per week were guided by certified fitness instructors. Classes, of chair yoga and resistance
training, were held at the Day Care Centers of Alzheimer Association under the same conditions.
2.5 Resistance Training Program
A resistance training class was 45-minute long, twice per week, and consisted of a 10-minute warm-up, 30 minutes of
basic content and a 5-minutes cool-down. Free weights, elastic bands, medicine balls and pilates rings were used as
training stimulus with free weights ranging from 1 to 1.5 kg. The basic key resistance exercises are presented in Table 1.
A 30 sec rest interval was used between sets.
Table 1. Resistance training programme (12 week duration, twice/week)
Exercise

1-3 week

3-6 week

6-9 week

9-12 week

Volume (set x rep)
Leg squats

2x8

2x 10

2x14

3x 12

Toe stands

2x12

2x15

2x18

3x15

Side hip raise

2x10

2x12

2x15

3x12

Hip adductions
(pilates ring)

2x15

2x18

2x22

2x20

Biceps curls

2x8 (1kg weight)

2x10 (1kg weight)

2x12 (1.5 kg
weight)

2x15(1.5 kg
weight)

Triceps extensions

2x8 (1kg weight)

2x10 (1kg weight)

2x12 (1.5 kg
weight)

2x15(1.5 kg
weight)

Shoulder press
(2kg medicine
ball)

2x8

2x10

2x15

3x10

Resistance band
row

2x10

2x12

2x15

3x12

plank

2x10sec

2x15sec

2x20sec

2x30sec

2.6 Chair Yoga
The chair yoga program was created by combining traditional and contemporary yoga and chair yoga practices. It was
then adapted in order to be appropriate for older adults with MCI. The chair yoga program group included of loosening
exercises, physical postures, and breathing exercises. More specifically the loosening exercises included of exercises
correcting the alignment of the body, forward bends, backbends, side stretches and some twists using the chair. The
physical postures comprised of standing poses (promoting strength, flexibility, balance, stability and spatial orientation),
and relaxation poses. Breathing exercises were an integral part of each session (all participants went through a breathing
assessment in order to determine whether they are normal or reverse breathers), as it accompanies every yoga pose. No
inversions were executed. Participants attended the classes 2 days/week. Details of chair yoga programe is showed in
Table 2. The rest interval between exercises was one minute.
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Table 2. Chair yoga programme (12 weeks duration, twice/week)
Exercise
(pose/asana)
Forward spine
extension
Backward
extensions
Cat pose
Side stretches
Seating on an
imaginary
chair
Downward
facing dog
Triangle pose

1-3 week

3-6 week

6-9 week

9-12 week

Volume (set x sec or breaths)
2x15sec
2x10sec

2x20sec

3x30sec

2x10sec

2x15sec

2x20sec

3x30sec

3 breaths
3 breaths

3 breaths
3 breaths

4 breaths
4 breaths

5 breaths
5 breaths

2x10sec

2x15sec

2x20sec

3x30sec

3 breaths

3 breaths

4 breaths

5 breaths

2x 10sec (each side)

2x 10sec
(each side)

2x 20sec
(each side)

3x 30sec
(each side)

Twists (elbow
on the knee)

2x 10sec (each side)

2x 10sec
(each side)

2x 20sec
(each side)

3x 30sec
(each side)

Warrior pose

2x 10sec
(each side)

2x 10sec
(each side)

2x 20sec
(each side)

3x 30sec
(each side)

Tree pose

2x 10sec
(each leg)

2x 10sec
(each leg)

2x 20sec
(each leg)

3x 30sec
(each side)

Meditation on
the breath (as
a restorative
pose)

1 minute

2 minutes

3 minutes

4 minutes

2.7 Control Group
All the participants of control group were asked to refrain from any complementary exercise during the course of the
study (12 weeks). The 18 participants in the control group engaged in cognitive activities twice a week 2 hours a day.
2.8 Statistical Analysis
The Kolmogorov- Smirnov (KS-test) was applied to test the normal distribution of variables. Paired t-test was
implemented to investigate the effect of the intervention within groups. To investigate the differences among the three
groups a one-way analysis of variance (ANOVA repeated) was performed and the pair-wise comparisons were adjusted
using the Holm-Sidac procedure. The non-parametric Kruskal-Wallis ANOVA on ranks was employed in order to test
for differences among the groups if the data did not follow a normal distribution. The Pearson t-product was used to
explore correlations. All results are presented as Mean± SD. The statistical analysis was conducted using SPSS IBM 22.
Statistical significance was set at < 0.05.
3. Results
The total number of participants were 49 women (72.6±5.9 yrs) assigned to three groups (CYG (N=15), RTG (N=16),
CG (N=18)). There were no differences in MMSE score between CYG (28.3±1.4), RTG (27.8±1.2) and CG (28.0±2.3).
A significant difference was noted in age (yrs) between groups (F2,46= 14.210, p=0.001) and more specifically, the
participants in CYG (67.2±4.54yrs) were younger than participants in the RTG (75.6±4.08yrs) and the CG
(74.51±5.46yrs). There were no statistically significant differences (Table 3) between and within groups for weight (kg)
and BMI (kg/m2).
Table 3. Participant physical characteristics before and after the interventions
Variables

CYG (n=15)

RTG (n=16)

CG (n=18)

Before

After

Before

After

Before

After

Height (cm)

157.0±01

157.0±0.1

156.6±0.1

156.5±0.2

159.3±0.3

158.9±0.2

Weight, (kg)

74.2±12.2

74.2±12.3

70.3±14.5

70.5±14.4

72.1±9.5

71.6±8.8

30.02±3.91

30.04±3.91

28.5±4.1

28.5±4.0

28.3±2.43

28.2±2.17

2

BMI (kg/m )
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At baseline, PSQI total score did not differ statistically between CYG, RTC and CG (F2,46= 1.993, p= 0.143). After the
intervention (Table 4), no significant difference was found between groups in PSQI total score (F2,45=0.028, p= 0.972).
Further analysis, indicated that no improvement was noted in subjective sleep quality within groups, with the exception
of RTG (t=2.335, df15, p=0.03) .There were no significant differences between groups before and after test for the PSQI
subscale scores (sleep onset latency (h), time spent in bed before sleep (min), morning waking up (h) and sleep duration
(h)). No significant difference was found in PSQI subscales scores within each group (Table 4).
Table 4. PSQI total score and subscales of each group before and after the intervention (Mean± SD)
Variables

CYG(n=15)

RTG(n=16)

Before

After

Before

After

Before

After

PSQI score

8.2±5.1

7.1±3.9

6.1±4.3*

5.1±3.4

7.4±4.1

7.0±2.8

Sleep
onset
latency (h)

23.8±0.68

23.6±0.62

23.3±0.9

23.5±0.87

22.7±0.87

22.7±0.87

38.3±25.03

53.3±36.60

40.0±43.9

25.0±20.1

30.0±9.48

25.8±14.9

7.38±0.87

7.6±1.06

7.8±0.7

7.8±0.9

7.4±0.8

7.5±1.03

6.3±1.06

6.6±1.03

6.5±1.64

6.5±1.64

5.6±1.03

6.3±1.50

Time spent in
bed
before
asleep (min)
Morning
waking up (h)
Sleep duration
(h)

CG(n=18)

* indicates differences within RTG (p=0.03)
3.1 Changes in Fitness test
At baseline, no significant differences were noted between groups in the functional fitness test. The CYG and RTG had
differences as well as the CG in arm curl and 30sec- chair stand test (p= 0.001). After the 3 months intervention
program the RTG showed an improvement in up & go test (from 5.8 to 5.1 sec, p=0.001) and a small decrease in 30secchair stand performance (from 16 to 14 rep, p=0.002). For women in the CYG a significant increase in 2-Minute step
test was found (from 72 to 79 steps, p=0.023) and a decrease in arm curl test (from 23 to 22 rep., p= 0.023). We also
found that women in CYG, improved their balance (from 55 to 56 score, p=0.022). No improvements were found in the
CG in any of the functional fitness test items after the intervention. Additionally, after the 12-week intervention,
differences were found between the three groups. More specifically, the RTG and CYG, differed in 30sec- chair stand
test from CG (p=0.001). Participants of RTG demonstrated a better performance in up & go test compared to CG
(p=0.001). Likewise, women of CYG scored better in up & go test, in comparison to CG (6.24 vs 8.04 sec, p=0.001).
4. Discussion
A 12-week exercise intervention was linked to self-reported sleep quality in a sample of 49 women diagnosed with
MCI. Their physical fitness level was measured using The Senior fitness test and Berg Balance Scale, while self-rated
sleep quality was evaluated using The Pittsburg Sleep Quality Index (PSQI). Surprisingly, a significant increase in 2Minute step test, an item measuring stamina, was noted in the CYG albeit it is an anaerobic form of exercise mainly
aiming at improving balance, posture and flexibility. This result is similar to a study that found an improvement in
cardiopulmonary endurance after a yoga exercise intervention (Tran et al., 2001, Ramos-Jimenez et al.,2009;
Balasubramanian & Pansare, 1991). According to our results, a possible explanation for the increase in endurance (2
Minute step test) was related to previous low aerobic fitness of our sample. It seems that yoga training stimulus is
enough to improve or maintain cardiovascular fitness (Kharti et al., 2007; Innes & Vincent, 2007; Yang, 2007). As
expected, an improvement in balance was noted in the CYG participants. However, the results in arm curl test, which
measures the upper body strength, in the same group showed a slight decrease. A possible reason for this slight
decrease, is that in our study most chair yoga exercises derived from holding static postures, and so static or isometric
contractions do not reliably lead to increases in isokinetic strength (Lindh, 1979). In the RTG the up & go test showed
an improvement while a small decrease was noted in 30sec chair stand performance. These results regarding the two
intervention groups suggest that fitness levels are possibly influenced by various factors (i.e. previous activity levels
and current health status). Regarding subjective sleep quality, an improvement was noted in the resistance training
group. Consistent with this study’s finding mentioned above, one study presented that progressive resistance training
improved all aspects of subjective sleep quality (tBrockton, 1997). Additionally, a recent pilot study showed a 38%
improvement in subjective sleep quality of sedentary older adults, after a six-month long resistance training program
(Ferris et al., 2005). However, in the current study, there were no significant pre and post-test differences between
groups or within each group in PSQI subscale scores, nonetheless, the intervention groups yielded a better global PSQI
score, compared to the control group. It is likely that the frequency of the intervention (2days/week) may not be
sufficient. Existing studies with positive results included greater-frequency exercise intervention (Baker et al., 2010,
Carral & Perez, 2007). The optimal dose of physical activity presently remains unclear and needs investigation.
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Moreover, a longer intervention period (>12weeks) might have produced sleep improvements, based on the assumption
that this period of time would be long enough to detect improved sleep scores. Although one study with a 6 months tai
chi exercise intervention observed significant improvements in five of the PSQI subscale scores compared to the lowimpact exercise participants, however, the study group consisted of a very wide age range (60-92 years old) with no
cognitive deficits (Li et al., 2004). Li et al. (2004) findings suggest tai chi as more effective than any other low-intensity
exercise.
In another RCT conducted in older adults reporting cognitive and sleep complaints, the intervention was various types
of physical and mental activity for 12 weeks, and the authors concluded that a low-intensity exercise combined with
mental activities improved self-reported sleep quality (Pa et al., 2014). Overall, benefits on various sleep parameters
may be influenced by study participants, since their baseline characteristics in other studies varied in physical activity
levels or the level of cognitive problems. This study agrees with the findings of a number of studies that investigated
different types of physical activity in various frequencies. An RCT conducted by King et al. (1997) to explore the
effects of a low-impact aerobic exercise training on self-rated sleep quality among healthy, older adults with sleep
complaints, revealed significant improvement in the PSQI global score after 16 weeks. One RCT similar to the current
study explored the influence of a tai chi program in 65 older adults residing in an elderly home, 3 times/week over a 12
weeks period, showed a positive, significant effect on their sleep quality (Hosseini et al., 2011). The influence of chair
yoga on sleep quality has not been given enough attention. In this study women of CYG scored better in up & go test, in
comparison to CG (6.24 vs 8.04 sec, p=0.001).
Previous studies have discussed the role of chair yoga or yoga adapted to the needs of older adults, with positive results,
but this type of exercise needs further investigation. In a recent study by Oken, et al., 2006) of one hundred thirty-five
healthy individuals aged 65-85 years were recruited and randomized into three groups (Hatha yoga, walking, and
control). Participants in the yoga group displayed significant improvement in quality of life and some physical measures
compared to walking and control group. In another recent study of older adults with mild to severe AD, a 10-week chair
yoga intervention showed a significant effect in ADLs, however no significant change in balance, anxiety, or cognition
was noted (Litchkey et al., 2012). It is probable that with a longer intervention and a bigger sample size, yoga could
possibly show a bigger effect and suggest an important role in the improvement in the quality of life in people with AD.
4.1 Strengths
The key strength of this study is that it was an RCT, generally considered as the gold standard, aimed to investigate and
associate the effects of various types of exercise on sleep quality, using women with MCI as a sample. The majority of
studies reported the impact of exercise on sleep in healthy participants or the effect of exercise on cognitive symptoms
in older people with dementia, without measuring their sleep quality as well. The present study was specifically
designed in order to associate the effects of two different types of exercise on sleep quality in women with MCI. The
exercise programs described in this study are using equipment easily accessible and inexpensive, so the majority of
people can do them, with the guidance of a certified fitness instructor.
4.2 Limitations
PSQI is a subjective measure of sleep quality. Additional studies are required in order to support these findings using
objective sleep quality measures (i.e. polysomnography). Moreover, 12 weeks was too short time to reflect changes
related to either type of exercise. Although a significant improvement was noted in various sleep parameters over 12
weeks, it would be interesting to investigate the effects of exercise over a longer period, i.e. 16 weeks. All exercise
classes were led by a qualified exercise instructor, making an unsupervised activity at home inappropriate and possibly
harmful. Finally, the study population consisted only of women with MCI, so these findings cannot be generalized to
men, although the MCI population is a major target group for physical and mental activity interventions that could
possibly promote a range of health-enhancing effects. Older adults with cognitive complaints, who are already
participating in some form of systematic physical activity or with more severe sleep problems that require medical
treatment, might not experience the same positive effects.
5. Conclusion
The current study’s results suggest that resistance exercise programs may offer an effective, inexpensive method in
order to improve sleep quality in older adults with MCI and subjective sleep problems. Assuming that lack of sleep and
MCI are identified as risk factors for cognitive decline and dementia, it is probable that by improving sleep quality
through a combination of simple exercise programs could alleviate future cognitive decline. More studies with a bigger
sample size and a longer intervention are needed in order to define long term or maintenance effects of different types
of exercise on sleep and cognition.
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