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Purpose: To compare the effects on verbal fluency of a supported yoga-based exercise intervention to an aerobic exercise intervention 
and a wait-list control group.
Participants and Methods: Eighty-two physically-inactive but otherwise healthy adults (mean age 72.5 years, range 65–85, 77% 
female) were recruited into a 12-week, three-group, parallel randomized controlled trial. Participants were supported to complete ≥3 
Hatha yoga classes per/week or ≥3 structured aerobic exercise sessions/week. A wait-list control group continued usual daily activities 
only. Verbal fluency, including total-FAS, animals, and verbs, was assessed before and after interventions. Group effects were assessed 
using analysis of covariance (ANCOVA).
Results: Twenty-seven participants were randomized to yoga, 29 to aerobic exercise and 26 to a waitlist. At 12-week follow-up, 
compared to baseline, there were increases in mean total-FAS in the yoga (+5.0 words, p=0.002) and aerobic exercise groups (+6.6 
words, p=0.004). Mean total-FAS in the wait-list control group remained stable (−0.5 words, p=0.838). There were medium-magnitude 
estimated treatment effects on total-FAS for yoga versus wait-list control and aerobic exercise versus wait-list control: Hedges’ g=0.51 
(p=0.213) and 0.57 (p=0.098) respectively. In addition, small-to-medium magnitude estimated treatment effects were seen on animals 
and verbs for yoga versus wait-list control and aerobic exercise versus wait-list control: g=0.28 (p=0.155), 0.19 (p=0.766) and 0.50 
(p=0.085), 0.59 (p=0.233) respectively.
Conclusion: Participation in yoga or aerobic exercise was associated with estimated improvements in verbal fluency compared to 
a non-active control group. Yoga and aerobic exercise may be promising approaches by which to promote cognitive function among 
older adults.
Trial Registration: DRKS00015093, U1111-1217-4248.
Keywords: physical activity, verbal fluency test, executive function, cognitive aging, healthy aging

Introduction
Aging is associated with a gradual decline in cognitive functions, including poorer memory, attention, and verbal fluency.1,2 These 
changes are often not severe enough to warrant a clinical diagnosis (eg, dementia), but may be noticeable to others and negatively 
impact self-esteem, autonomy, and life quality.3 Language is one of the most complex functions in humans and is essential for 
communication and autonomy. Studies on normal aging have shown that some language skills are resilient to age-related declines; 
comprehension, semantic abilities, and vocabulary remain stable or even improve with age.4,5 By contrast, verbal fluency and 
naming are among the most vulnerable cognitive functions to aging.6
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Aerobic exercise has well established mental health benefits,7 including improved cognitive functioning, and is recommended 
for older adults.8,9 Despite this, physical inactivity (ie, engaging in <150 minutes of moderate-to-vigorous physical activity/week) 
is prevalent among older adults, ranging from 5% (Sweden) to 29% (Portugal) in the European Union.10

Musculoskeletal injuries are common impediments to participation in some forms of aerobic exercise (eg, running) and tend to 
increase with age.11 Yoga is a form of structured physical activity that combines physical postures with breathing and meditative 
exercises and is shown to be suitable for older adults, including those with mobility problems.12–15 This combination of physical 
and “mindful” elements distinguishes yoga from conventional aerobic training, and may confer additional mental health 
benefits.16 Participation in yoga-based exercise is increasing,17 alongside yoga related research.18–20 The reported benefits of 
yoga include improved mental health (reduced depression and anxiety), sleep, and life quality.21–23 Improvements in cardiovas-
cular fitness, body composition, and blood pressure have also been reported.24–26

Emerging evidence suggests that yoga-based exercise may also improve cognitive functioning in older adults.19,27–29 Three 
systematic reviews30–32 and a meta-analysis33 each concluded that yoga-based interventions improved executive functions in 
older adults. A systematic review comparing the effects of three different types of exercise on executive functioning in the elderly 
showed that yoga-based exercise had stronger effects (g = 0.38) than both resistance training (g = 0.22) and aerobic exercise (g = 
0.14), respectively.34 A notable limitation of these reviews is that they included participants with diagnosed mental disorders and/ 
or cognitive deficits, including depression and dementia and therefore may not be generalizable to physically inactive but 
otherwise healthy older adults. A recent systematic review of randomized controlled trials by Hoy, Osth, Pascoe, Kandola and 
Hallgren32 examined the effects of yoga on cognition in older adults without known mental or physical comorbidities. 
Participation in yoga was associated with improved cognitive functioning, including gross memory and executive functions. 
However, the review was limited to only five trials, each with a high overall risk of bias, and none of the included studies compared 
yoga to aerobic exercise.35,36 Such direct comparisons are needed to inform clinicians who may advise patients on the potential 
effects of different exercise regimes.

We conducted a 12-week randomized controlled trial to compare the effects of a supported yoga-based exercise intervention to 
an aerobic exercise intervention and a wait-list control group (usual activities) on verbal fluency, in physically inactive but 
otherwise healthy older adults. We hypothesized that participation in yoga and aerobic exercise would be associated with 
equivalent magnitude improvements in verbal fluency compared to control conditions.

Materials and Methods
Design and Setting
We conducted a twelve-week, three-group, single-blinded, parallel randomized controlled trial (RCT) in accordance with 
the CONSORT statement (Table S1, Supplementary Materials) and the Helsinki Declaration for research involving 
humans.37 This study was conducted at the Karolinska Institute (KI) in central Stockholm and approved by the Regional 
Ethics Committee in Stockholm (2017/1862-31/2, amendment number 2018/2156-32). The trial was prospectively 
registered with German Clinical Trials (DRKS 00015093). A study protocol is publicly available.38

Participants
A total of 82 community-dwelling participants were recruited via three separate advertisements in a newspaper distributed 
throughout central Stockholm (“Mitt-I”, April 2019–January 2020). Inclusion criteria: Age 65–85 years, resident of Stockholm 
County and fluent in Swedish. Informed consent was obtained prior to enrollment. Exclusion criteria: (a) Participation in regular, 
structured exercise ≥ two days/week, moderate-to-vigorous activities ≥ 75 min/week, or light-to-moderate activities ≥150min/ 
week during the previous three months; (b) Physical disability, injury or severe cognitive deficit (diagnosed dementia); (c) Major 
surgery during the past year (or planned the coming year) that would impair physical activity or movement; (d) Insulin-dependent 
diabetes, irregular pulse, uncontrolled blood glucose or blood pressure; (e) Advised against moderate exercise by a medical 
professional; (f) Recent diagnosis of serious mental illness (major depressive disorder, bipolar disorder, or schizophrenia spectrum 
disorders) or acutely suicidal; (g) Unable to attend the yoga studio or a fitness centre used in the study. A more detailed description 
of the inclusion criteria is available in the study protocol.38

https://doi.org/10.2147/CIA.S359185                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Clinical Interventions in Aging 2023:18 534

Welford et al                                                                                                                                                         Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=359185.docx
https://www.dovepress.com/get_supplementary_file.php?f=359185.docx
https://www.dovepress.com
https://www.dovepress.com


Procedure
Individuals who were interested in the trial were advised to contact (by phone or email) a research assistant who conducted a 20- 
minute telephone screening interview to determine eligibility (section 2.2). Those eligible were invited to a baseline assessment 
(~1.5 hours) between one and three weeks later, during which demographic, questionnaire and anthropometric data were collected 
by a research assistant. Participants were referred to have baseline blood samples taken at the Karolinska University Hospital 
laboratory (in collaboration with Karolinska Trial Alliance). Follow-up appointments were booked at 6 weeks (midpoint) and 12 
weeks (endpoint). Midpoint assessments involved a brief (~15 minutes) assessment for adverse events and aimed to resolve 
adherence issues (eg, accessing exercise classes). Follow-up assessments were identical to baseline assessments but were 
conducted by a different research assistant.

Randomization and Blinding
A sex-stratified randomization list was generated by an independent statistician using a random number computer 
program. The allocation sequence was then transferred into sealed, opaque envelopes by an independent research 
assistant. Participants opened envelopes immediately after the baseline assessment. Group allocation was recorded on 
separate forms that were not readily available to follow-up assessors and participants were asked to avoid revealing group 
allocation. Research assistants were therefore blinded to group allocation at follow-up.

Measures
Verbal fluency was tested at baseline and at 12-week follow-up. To assess phonological fluency, participants were 
required to recall as many unique words as possible beginning with the letters F, A and S, within 60 a second 
period for each letter (total-FAS). Participants were then asked to name as many animals and verbs as they could, 
in 60 seconds for each category, in order to test semantic fluency. All tests were audio recorded, and the number of 
unique words (total-FAS, animals and verbs) were calculated by the research assistant following each test. Verbal 
fluency tests are widely reported as valid, reliable measures of executive functioning and language in older adults; 
phonological fluency, in particular, is considered to depend heavily on executive functions.39–41

Baseline assessments involved collecting demographic data including age, gender and education), along with indicators of 
somatic health, such as self-reported information about comorbidities, medications, smoking, alcohol consumption and physical 
activity behaviours (International Physical Activity Questionnaire) were collected at baseline.42 We assessed blood pressure and 
resting heart rate using the Omron M3 Comfort monitor. Body mass index was calculated from objective measurements, waist 
circumference was measured, and balance examined using the Berg Balance Scale.43 Grip strength for the dominant hand was 
assessed with an electronic hand-held dynamometer. Blood samples were analysed for total cholesterol, high-density lipoprotein 
(HDL) and low-density lipoprotein (LDL). Participants recorded their exercise adherence using a training calendar which 
indicated when a scheduled yoga or aerobic exercise session was completed. Participants were asked to aim to complete at 
least three classes/week for a period of 12 weeks and also to record any additional, informal sessions of moderate-vigorous 
physical activity. Exercise intensity was estimated at six-weeks via Borg’s Rating of Perceived Exertion scale (RPE); scored from 
six (no exertion) to 20 (maximal exertion).44 Mid-ranges on the RPE (the target of this intervention) are as follows: 11 = fairly 
light, 13 = somewhat hard, 15 = hard. Scores between these values have no narrative values. The mean RPE reported for three 
exercise sessions during the previous week was calculated. Adverse events were assessed at weeks six and 12 by asking 
participants if they had experienced any injuries caused by participating in the trial. All participants who reported adverse events 
were referred to see their doctor (general practitioner).

Interventions
Yoga
Each yoga group participant received a free 12-week membership to a centrally located yoga studio. Classes were one hour in 
length, designed for older adults and beginners and also available to adults not participating in the study. Classes were offered at 
least three times/week. Yoga participants were also provided with access to “Yogobe”, an online platform with yoga classes 
adapted for seniors. These could be used for home yoga practice. The intervention was based on Hatha yoga which involves gentle 
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physical postures (asanas) plus breathing exercises and is appropriate for older adults.45 Opening postures included: Cat/Cow 
pose, Mountain pose and Partial Sun Salute. Classic Hatha yoga postures were then instructed, including Chair pose, Plank, Tree 
pose, Warrior I and II, Downward facing dog, Side stretch, Spine twist, Cobra pose and Bridge pose. The finishing series included 
relaxation exercises such as Dead man’s pose. A detailed description of these movements has been reported previously.45 Around 
50 minutes was devoted to physical postures and 10 to breathing exercises and relaxation. Between two and 10 people participated 
in each class.

Aerobic Exercise
The aerobic exercise group received a free 12-week membership with ‘Friskis & Svettis’, permitting access to fitness centres 
across Stockholm. Participants were asked to complete three 60-minute supervised group aerobic exercise classes/week. All 
classes were suitable for older adults. To optimize adherence, participants were given the option of three different types of aerobic 
exercise: cycling/spinning, dance-based exercise, and light-to-moderate intensity aerobics (synchronized movement to music). 
Participants met a personal trainer (~30 minutes) for an introduction to the web-based booking system and to help them choose 
classes. Participants also received a DVD produced by the fitness centre that contained several seated aerobic exercise workouts 
suitable for older adults, and could also access online classes as part of their fitness centre membership. Participants were 
encouraged to increase gradually to a subjectively “moderate” exercise intensity. All classes were delivered by qualified fitness 
instructors and were available to adults not taking part in the study. Typically, classes were attended by 10–25 people.

Wait-List Control
The wait-list control group was instructed to continue usual daily activities without increasing physical activity levels or 
commencing a new exercise regime. To improve adherence, a free cinema ticket and a 12-week membership (to begin after 
the study ended) to either the yoga studio or the aerobic exercise facility was offered to those who adhered to the wait-list condition 
and completed a follow-up assessment.

Effects of COVID-19 on Recruitment, Exercise Adherence and Assessment
Trial recruitment commenced in April 2019 and concluded in March 2020 due to COVID-19 restrictions, which mandated closure 
of the yoga and aerobic exercise facilities. There was, however, no formal lockdown or restriction of unsupervised, outdoor 
physical activity. Prior to restrictions, 82 trial participants were enrolled; 41 had completed a 12-week intervention and 41 were in 
various stages of completion. To facilitate intervention continuation, we provided enrolled participants with verbal and written 
instructions on how to continue their exercise regimes. Yoga participants received a leaflet produced by the trial’s yoga teacher 
with instructions and diagrams illustrating the postures and sequences used at the studio. Participants were asked to continue yoga 
sessions at home three times/week using the booklet or online materials as a guide. Similarly, those randomized to aerobic exercise 
were instructed to continue their preferred form(s) of aerobic exercise from home and, where possible, to replicate the exercises 
offered during the trial. All follow-up assessments that occurred after restrictions were introduced were conducted via telephone. 
Thus, post-COVID-19 follow up assessments did not include physical examinations such as blood pressure and heart rate.

Data Analysis Plan
Sample Size
A sample size calculation is described in the published protocol.38 Based on a previous related study46 and a predicted small effect 
size (0.2) – favouring yoga compared to aerobic exercise – a total sample of 180 participants was estimated. Due to COVID-19 
restrictions this target could not be met; the trial is thus underpowered to detect statistically significant differences. Instead, our 
analyses focus on the magnitude of group differences (estimated effect sizes).

Statistical Methods
Descriptive statistics were stratified according to intervention group. Primary analyses followed intention-to-treat (ITT) 
principals. Between-group differences in verbal fluency were assessed using Analysis of Covariance (ANCOVA) with 
baseline score included as the covariate. Within-group changes in mean verbal fluency test scores (baseline to 12-weeks) 
are reported with 95% confidence intervals (CIs). Independent samples t-tests with Bonferroni corrections were used to 
explore contrasts between differences in the three groups at follow-up (yoga versus aerobic exercise; yoga versus wait- 
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list control; aerobic exercise versus wait-list control). Estimated effect sizes (Hedges’ g) with p-values are reported for 
the three groups and interpreted using the following criteria; 0.2, small, 0.5, medium and 0.8 or higher, a large effect 
size.47 Assumptions were examined using the Shapiro–Wilk test for normality and Levene’s homogeneity of variance 
test. Patterns in missing follow-up data were assessed using Little’s missing completely at random (MCAR) test. Pre- 
planned sensitivity analyses consisted of repeating the methods described above after imputing missing follow-up data 
(last observation carried forward (LOCF) method).38 As no interim analyses were performed, results were not known at 
the point of ceasing recruitment into the trial. Analyses were conducted using SPSS v27.

Results
Participants
As this trial stopped early due to COVID-19, final follow-up took place in May 2020. The flow of participants’ progress through 
the trial is reported in Figure 1.

Baseline characteristics for the 82 participants are presented in Table 1. The mean age was 72.5 years (65–85, 
standard deviation (SD) 5.3). Despite a preponderance of females (77%), the distribution of sexes was similar between 
groups. About 78% of participants were retired and 65% were university educated. Participants reported having, on 
average, one (0—4) pre-existing medical condition (eg, controlled hypertension) and taking one (0–4) medication. The 
majority of participants were ex-smokers (55%), followed by non-smokers (40%) and only a minority were current 
smokers (5%). Alcohol consumption was generally below hazardous levels;48 Approximately 7% reported consuming 
nine units/week or more (where one unit = 12g of pure ethanol). Participant physical activity levels were lower than those 
recommended by WHO (ie, ≥150 minutes of moderate-to-vigorous physical activity/week);49 The mean self-reported 
amount of time spent undertaking moderate-to-vigorous physical activity was about 44 minutes/week. Cholesterol, grip 
strength and cognition (verbal fluency) scores were similar among the three groups at baseline. Body mass index and 
waist circumference measurements indicated that, on average, participants were overweight at baseline.

Figure 1 Flow diagram of participants’ progress through the trial.
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Table 1 Baseline Demographic, Clinical and Physical Characteristics of Participants (N = 82)

Characteristic Yoga  
Intervention  
(n = 27)

Aerobic Exercise  
Intervention  
(n = 29)

Wait-List  
Control  
(n = 26)

Age (years) 72.1 (5.5) 73.3 (5.5) 72.1 (5.1)

Female sex, n (%) 20 (74.1) 22 (75.9) 21 (80.8)

Employment status, n (%):

Employed 4 (15.4) 2 (6.9) 1 (3.8)

Self-employed 1 (3.8) 1 (3.4) 0 (0)

Unemployed 1 (3.8) 1 (3.4) 0 (0)

Retired 19 (73.2) 23 (79.3) 22 (84.6)

Other 1 (3.8) 1 (3.4) 3 (11.5)

Education, n (%):

Primary or lower 3 (11.1) 5 (17.9) 1 (3.8)

High school 1 (3.7) 1 (3.6) 2 (7.7)

Post-secondary 5 (18.6) 4 (14.3) 6 (23.1)

University degree or higher 18 (66.6) 18 (62.1) 17 (65.4)

Number of comorbidities, n (%):

0 7 (25.9) 9 (31.0) 8 (30.8)

1–2 15 (55.6) 18 (62.1) 13 (50)

3–4 5 (18.5) 2 (6.9) 5 (19.2)

Number of medications, n (%):

0 10 (37.0) 9 (31.0) 8 (30.8)

1–2 14 (51.9) 17 (58.7) 14 (53.8)

3–4 3 (11.1) 3 (10.3) 4 (15.4)

Smoking status, n (%):

Current 0 (0) 4 (13.8) 0 (0)

Never 11 (40.7) 11 (37.9) 11 (42.3)

Ex 16 (59.3) 14 (48.3) 15 (57.7)

Weekly alcohol consumption, n (%):

0 units 5 (18.5) 7 (24.1) 8 (30.8)

1–4 units 13 (48.2) 11 (37.9) 10 (38.5)

5–8 units 7 (25.9) 9 (31.1) 4 (15.4)

9 units or more 2 (7.4) 2 (6.9) 2 (7.7)

Moderate-vigorous physical activity (minutes/week) 48.5 (88.7) 39.6 (126.2) 42.5 (88.9)

Sedentary time per day (mins) 470.0 (199.7) 406.5 (176.5) 469.6 (147.4)

Body mass index 26.6 (4.1) 27.2 (4.9) 27.4 (4.5)

Waist circumference 93.5 (11.4) 96.3 (15.2) 95.4 (12.6)

Resting heart rate, beats/min 73 (9.2) 69 (14.7) 70 (10.8)

Systolic blood pressure (mmHg) 132 (19.5) 138 (32.1) 143 (20.4)

Cholesterol (mmol/L):

Total 5.7 (0.9) 5.4 (1.2) 5.7 (0.9)

HDL 1.8 (0.6) 1.6 (0.6) 1.8 (0.3)

LDL 3.3 (0.8) 3.3 (1.1) 3.4 (0.8)

Grip strength, dominant hand (kg) 26.2 (7.6) 27.2 (8.5) 27.6 (11.0)

(Continued)
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Completeness of Follow-Up and Adherence
Baseline verbal fluency test scores were available for 80/82 participants; baseline data was missing for one wait-list 
control group participant and another wait-list participant was excluded from analyses due to difficulty following 
instructions during verbal fluency testing. Twelve-week follow-up was completed for 74/80 included participants (25/ 
27 randomized to yoga, 27/29 to aerobic exercise and 23/26 to wait-list control). Participants in the yoga group reported 
completing a median of 28 (0–54) yoga sessions, versus 16 exercise sessions (0–51) in the aerobic exercise group (t = 
2.569, p = 0.013). Yoga participants also reported completing a median of eight (0–36) informal sessions of moderate-to- 
vigorous physical activity, versus 17 (0–66) in the aerobic exercise group and 17 (0–90) among wait-list control group 
participants. On average (mean), Borg’s RPE was 14.5 (SD 1.4) per aerobic exercise session, slightly higher than a mean 
of 12.9 (SD 1.8) per yoga session (t = 3.17, p = 0.003).

Intervention Effects on Verbal Fluency
Table 2 shows within-group changes in mean verbal fluency at 12-week follow-up, with between-group comparisons and 
estimated effect sizes. Figure 2 illustrates these changes over time. Over the study duration, there were within-group 
increases (ie, improvements) in mean total-FAS among yoga participants (+5.0 words, p = 0.002) and aerobic exercise 
participants (+6.6 words, p = 0.004). Mean total-FAS in the wait-list control group, on the other hand, remained stable 
(−0.5 words, p = 0.838). Small increases in mean verbal fluency for animals in all three groups; yoga (+2.1 words, p = 

Table 1 (Continued). 

Characteristic Yoga  
Intervention  
(n = 27)

Aerobic Exercise  
Intervention  
(n = 29)

Wait-List  
Control  
(n = 26)

Verbal fluency test:

FAS total score 43.6 (13.0) 38.3 (12.0) 42.3 (14.6)

Animals 21.6 (5.3) 20.0 (4.5) 19.4 (6.1)

Verbs 19.5 (5.0) 18.7 (5.5) 18.4 (4.8)

Notes: Reported data are means (standard deviations) unless otherwise stated. Data were missing for aerobic exercise group (employment 
status, n = 1; education, n = 1) and wait-list control group (weekly alcohol consumption, n = 2).

Table 2 Within- and Between-Group Treatment Effects on Cognition (Verbal Fluency), Intention-to-Treat Analyses (N = 74)

VF 

Category

Group Baseline, 

Mean (SD)

Follow-Up, 

Mean (SD)

Within Group 

Change  

(95% CI)

Group Effect, 

ANCOVA*

Between-Group Contrasts p-value** 

(Hedges’ g)

F p-value Yoga vs AE Yoga vs 

WLC

AE vs 

WLC

Total 

FAS

All participants 2.69 0.075 1.000 (−0.17) 0.213 (0.51) 0.098 (0.57)

Yoga (n = 25) 43.6 (13.1) 47.9 (14.4) 5.0 (1.2, 8.9)

Aerobic exercise (n = 27) 38.3 (12.0) 45.3 (16.0) 6.6 (2.9, 10.3)

Wait-list control (n = 22) 41.3 (14.0) 40.6 (11.9) −0.5 (−3.6, 4.5)

Animals All participants 1.96 0.148 1.000 (0.11) 0.155 (0.28) 0.766 (0.19)

Yoga (n = 25) 21.6 (5.3) 23.6 (6.3) 2.1 (0.0, 4.2)

Aerobic exercise (n = 27) 20.0 (4.5) 21.7 (4.7) 1.5 (−0.5, 3.5)

Wait-list control (n = 22) 19.0 (5.9) 19.4 (5.4) 1.1 (−1.7, 2.7)

Verbs All participants 2.73 0.072 1.000 (0.09) 0.085 (0.50) 0.233 (0.59)

Yoga (n = 25) 19.5 (5.0) 21.9 (8.2) 2.0 (−0.2, 4.3)

Aerobic exercise (n = 27) 18.7 (5.5) 20.3 (6.5) 1.4 (−0.7, 3.6)

Wait-list control (n = 22) 17.9 (4.0) 16.4 (4.9) −1.1 (−3.5, 1.3)

Note: *Test assumptions of normality and homogeneity of variance were met. **Bonferroni adjustment applied. 
Abbreviations: VF, verbal fluency; SD, standard deviation; CI, confidence interval.
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Figure 2 Changes in verbal fluency test over time (N = 74): (a): Increases in mean total-FAS for yoga (+5.0 words, p=0.002) and aerobic exercise groups (+6.6 words, 
p=0.004) over time. (b): Mean animals for yoga (+2.1 words, p=0.071), aerobic exercise (+1.5 words, p=0.127) and wait-list control (+1.1 words, p=0.671) groups over time. 
(c): Mean verbs for yoga (+2.0 words, p=0.194), aerobic exercise (+1.4 words, p=0.114), and wait-list control groups (−1.1 words, p=0.195) over time.
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0.071), aerobic exercise (+1.5 words, p = 0.127) and wait-list control (+1.1 words, p = 0.671) were not statistically 
significant. There were similar, non-significant increases in mean verbal fluency test scores for verbs in the yoga (+2.0 
words, p = 0.194) and aerobic exercise (+1.4 words, p = 0.114) groups, and a slight decrease in the wait-list control group 
(−1.1 words, p = 0.195). There were medium-magnitude, positive estimated treatment effects on total-FAS for yoga 
versus wait-list control and aerobic exercise versus wait-list control: Hedges’ g = 0.51 (p = 0.213) and 0.57 (p = 0.098) 
respectively). However, no significant between-group differences were detected at the study endpoint (p = 0.075). 
Similar, medium-sized treatment effects were estimated for verbs (yoga vs wait-list control, g = 0.50, p = 0.085; aerobic 
exercise vs wait-list control, g = 0.59, p = 0.233), along with small treatment effects for animals (yoga vs wait-list 
control, g = 0.28, p = 0.155; aerobic exercise vs wait-list control, g = 0.19, p = 0.766).

Adverse Events
Of 82 participants, 17 (21%) reported minor adverse events, including 6/27 (22%) in the yoga group, 10/27 (37%) in the 
aerobic exercise group reported adverse events and 1/25 (4%) in the wait-list control group. Common adverse events 
included minor strains and sprains.

Sensitivity Analyses
Sensitivity analyses are presented in Supplementary Table S2 (Supplementary Materials). In general, the results 
following imputations were consistent with those of the main analyses, but with slightly attenuated effect sizes.

Discussion
Verbal fluency is one of the executive functions central to healthy aging, and while exercise appears to have positive 
effects on cognition, physical activity levels among older adults are decreasing.50,51 This 12-week RCT compared the 
effects of yoga, aerobic exercise, and usual activities on verbal fluency in 82 physically inactive, but otherwise healthy 
adults aged 65–85 years. Participants in both the yoga and aerobic exercise groups showed improvements in mean verbal 
fluency test scores (total-FAS). Compared to a wait-list control group, yoga and aerobic exercise interventions were 
estimated to have small-to-medium magnitude, positive effects on verbal fluency.

The findings of this study are consistent with a growing body of evidence suggesting that physical activity 
interventions, including yoga programmes, may improve cognitive function in healthy older adults.30–32,34,52 A 2021 
systematic review of RCTs by Hoy et al, for example, reported beneficial effects of yoga-based interventions on 
cognition among healthy older adults.32 Four of the six studies included in that review reported positive effects on 
various aspects of cognition, including executive function, although a high risk of bias was identified in all studies. 
A 2020 systematic review and meta-analysis of 33 RCTs indicated that effects on executive function may vary according 
to the frequency, duration and type of exercise, but not the intensity level.34 The authors reported a combined effect size 
for yoga and Tai Chi (g = 0.38, p <0.05), comparing favourably to that for aerobic exercise (g = 0.14, p <0.05). The 
estimated effect sizes in our study, by comparison, were somewhat larger than those reported by Chen et al, particularly 
in the case of aerobic exercise. We also note that yoga and aerobic exercise had similar estimated effects on verbal 
fluency, despite higher adherence in the yoga group and marginally higher RPE in the aerobic exercise group. Our 
findings, however, are in keeping with those of the largest trial (N = 792) in this field to date, which reported that once- 
weekly supervised yoga classes, with independent home practice, resulted in improved Mini-Mental State Examination 
(MMSE) and Rivermead Behavioural Memory Test (third edition) scores in older adults (mean age = 67.1 years, SD 3.2), 
when compared to a wait-list control group (yoga intervention versus wait-list, d = 0.43, p = 0.04; yoga intervention 
follow-up versus baseline, d = 0.46, p = 0.02).53 This is the first study to examine the effects of yoga on verbal fluency in 
older adults. One study54 showed that introducing an aerobic exercise regimen (spin cycling) in previously sedentary 
older adults (n=20) improves semantic fluency over a period of 12 weeks, which is consistent with the current findings.

Within-group changes in verbal fluency in the yoga and aerobic exercise groups in the current study may suggest the 
presence of intervention effects. Baseline scores for total-FAS, animals and verbs were equal to, or greater than existing 
normative mean values for Swedish adults aged 65–89 (total-FAS 36.6–45.2, animals 17.8–20.6 and verbs 14.9–19.4, 
dependent on educational level),55 observed changes are therefore unlikely to be explained by regression to the mean. 
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Verbal fluency scores also remained stable for the wait-list control group, suggesting that improvements in the yoga and 
aerobic groups are not adequately explained by test practice effects. Unfortunately, due to unforeseeable exercise facility 
closures that occurred due to COVID-19, this trial was insufficiently powered to detect between-group differences. We 
speculate that, had our intended sample size been reached and supervised training proceeded as planned, group 
differences – favouring yoga and aerobic exercise – may have reached statistical significance. It is unclear whether the 
within-group increments in verbal fluency that occurred among the yoga and aerobic exercise group participants reflect 
meaningful changes in executive function. Previous longitudinal work has tended to address the decline in verbal fluency 
that accompanies the progression of cognitive impairment, rather that increases in verbal fluency among healthy older 
adults.2 It is widely acknowledged, however, that executive functions are vital for participation in daily activities even 
among older adults without cognitive impairment.56

While we did not investigate the potential mechanism underlying improvements in verbal fluency in the current study, 
we speculate that findings may be explained by neurobiological, psychological, and social processes. Exercise appears to 
regulate the hypothalamo-pituitary-adrenal (HPA) axis, leading to reductions in glucocorticoid stress hormones.57 

Reducing the levels of circulating stress hormones may, in turn, ameliorate the detrimental effects of chronic stress on 
cognition.58 Similarly, reduced psychological stress and improved cognitive efficiency have been suggested to explain the 
effects of yoga on cognition.28,59 While the primary focus of interventions in our study was physical activity, rather than 
meditation, earlier work suggests that the meditative aspect of yoga may increase resting-state activity in multiple 
cortico-striatal circuits;60 offering a putative explanation for improvements in executive function.29 The psychological 
effects of increasing physical activity may also be important; exercise can act as a distraction from stressful life events, 
improve self-esteem, and may reduce negative attentional biases.61 The well-documented beneficial effects of exercise on 
mood may in itself lead to improved executive functions.62 Finally, social isolation is suggested to be detrimental for 
cognition in later life and has recently been amplified by the effects of COVID-19.63,64 We suggest that, in the current 
study, social interactions that occurred when attending yoga or aerobic exercise classes may have provided a further 
stimulus for improvements in verbal fluency.

Strengths and Limitations
Strengths of this study include the randomized design with blinded follow-up assessments, the comparison of two forms 
of community-based physical activity and the inclusion of a non-active control group. Physically inactive, but otherwise 
healthy older adults represent a growing but understudied population group. Verbal fluency testing included both 
phonological and semantic variations, providing a valid and reliable estimation of executive control processes.41 

Adherence and Borg’s RPE were assessed, allowing the intervention dose to be considered, although compliance with 
allocated interventions and exercise intensity were not measured objectively.

As noted previously, this trial was underpowered due to COVID-19 restrictions and half of the participants were 
affected by necessary changes to the study protocol. We recognise that conducting some follow-up assessments of verbal 
fluency via telephone may have disadvantaged certain participants, such those with hearing-impairments. Our rationale 
for reporting pre- and post-COVID-19 participants together was as follows. Firstly, all three groups were affected equally 
by restrictions, except for the termination of supervised exercises classes. We consider that, while this may have 
attenuated treatment effects, it is unlikely that significant bias was introduced. Secondly, as COVID-19 policy in 
Sweden did not include a formal lockdown, or curfews, participants were able to continue non-supervised physical 
activity and a degree of social contact, consistent with the original study protocol. Thirdly, we felt that reporting separate 
analyses would have introduced an unnecessary loss of statistical power, given that measures such as online materials 
were put in place to allow participants to continue planned interventions as closely as possible.

Study generalizability is likely to be limited by a healthy entrant effect, where participants were at a stage of readiness 
to change their physical activity habits, as well as by the predominance of female participants. The limited follow-up 
period also prevents any inference of longer-term cognitive benefits.
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Conclusion
Participation in either a 12-week yoga-based intervention or a 12-week aerobic exercise intervention was associated with 
an increase in phonological (total-FAS) verbal fluency. When compared to a wait-list control group, small-to-medium 
magnitude estimated treatment effects were seen for participation in either yoga or aerobic exercise. Overall, these 
findings support the recommendation of both yoga and aerobic exercise to promote healthy aging in physically inactive 
older adults. The results may inform the design of an appropriately powered RCT. Such work should also aim to evaluate 
the effects of yoga and aerobic exercise on other domains of cognitive function, as well as on brain structure, to better 
understand the mechanisms underlying potential cognitive changes.
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