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Abstract 

The growing population of older adults with depression is a significant public health concern, 

and effective treatments are necessary. Mindfulness meditation intervention offers effective 

treatment for depression, but little research has been conducted on the older population. This 

study aimed to evaluate if the combination of the Internet Mindfulness Meditation 

Intervention (IMMI) plus iMINDr application improves well-being in older adults with 

depressive symptoms. Potential participants were recruited online. IMMI included a one-hour 

online session once a week, a daily 30-minute home practice of guided meditation using the 

iMINDr app, and a workbook. Measures were collected online before and after the six-week 

intervention period. Online session adherence was tracked. Thirty-eight participants 

completed all study requirements and are included in the analysis. Participants showed 

clinically and statistically significant improvements in depression symptoms, well-being, 

positive and negative affect, sleep quality, and pain intensity. Participants took 9.9 ± 3.5 weeks 
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to complete the course. High attrition rates mainly were related to participants' motivation 

to complete the course and stress levels. There were no significant demographic differences 

between participants and depression symptoms. Potential applications and limitations are 

discussed. Internet Mindfulness Meditation Intervention (IMMI) was effective in treating 

depression symptoms in older adults. 

Keywords  

Depression in older adults; iMINDr; Internet Mindfulness Meditation Intervention (IMMI); 

insomnia; pain; positive and negative affect; sleep quality 

 

1. Introduction 

Older adults are a growing and significant population. The number of US adults 65 years and 

older grew by 34.2% in the past ten years [1] and is expected to increase by nearly 50% from 2016 

to 2030. Older adults will likely require support from many society sectors to ensure their physical 

health and well-being [2], which is why researching alternative treatments such as meditation is 

essential. The study’s objective was to evaluate if a mindfulness meditation internet program in 

addition to a home practice smartphone application would improve well-being in older adults with 

depressive symptoms. 

Older adults need greater support because they have more outstanding health issues, including 

mental health conditions [3]. Aging is associated with decreased cognitive function resulting from 

psychological stress, including depression [4]. Late-life depression can lead to increased mortality 

rates from medical disorders and suicide if not appropriately treated and is caused by various 

intricate relationships between social, biological, and psychological components [5]. Older adults’ 

health issues became even more evident with the COVID-19 pandemic stay-at-home and social 

distancing orders that put older adults at higher risk for suicide [6], and continuing age 

discrimination in medical care treatment [7].  

At present, over 239,000 people have died in the United States from the COVID-19 pandemic, 

more than 90% of which are over 50 years old (15.2% 50-64 years old, 20.9% 65-74 years old, 26.6% 

75-84 years old, and 32.2% 85+) [8]. The COVID-19 highlighted the imperative of finding alternative 

treatments to help this population now. 

Treating depression in older adults is often challenging due to limited prevention initiatives and 

appropriate diagnosis. Some issues related to early recognition and effective treatment of 

depression in older adults are: a) older patients rarely report the symptoms due to cognitive decline 

and a stigma associated with mental illness; b) lack of transportation to medical facilities; c) 

clinicians’ varied adequacy in detection or treatment; d) scarcity of geriatric psychiatrists (one 

geriatric psychiatrist per 5,682 older patients with a psychiatric condition is estimated by 2030); e) 

managing fragmented care [9]; and f) increased costs for health care for older adults with 

depression compared to those without [4, 10, 11]. The recommended treatments for depression in 

older adults are psychotherapy and medication, but these can be ineffective and cause unwanted 

side effects such as palpitations, weight gain, and death [12-15]. 

https://www.zotero.org/google-docs/?broken=8tSvg2
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Older adults also suffer from depression-related symptoms like sleep disturbances [14] and 

chronic pain [15]. Also, people with depressive symptoms have lower levels of self-compassion, 

which are negatively correlated to depressive symptoms, rumination, and cognitive and behavioral 

avoidance [16]. People with depression symptoms find that compassion and self-compassion can 

help them deal with their symptoms [17], and psychotherapies are encouraged to incorporate 

compassion into their treatments [16, 17]. 

Additional options for delivering effective and safe care to elders with depression symptoms are 

needed. With the increasing risk of suicide and mortality rates among older adults caused by COVID- 

and non-COVID-related health conditions such as depression, clinicians and healthcare 

professionals have a moral imperative for delivering alternative, quick, more effective, safe, and 

accessible solutions for older adults with depression. The COVID-19 pandemic also highlights the 

imperative to find alternative treatments that allow them to socially distance at home. 

Because of the above issues, mind-body therapies are often sought and used by patients as they 

are cost-effective, have few or no harmful effects, and empower patients to play an active role in 

their treatment [16, 17]. Mindfulness meditation is one such option that helps older adults with 

their mood symptoms. Previous studies provide evidence that meditation programs improve sleep, 

stress-related issues, anxiety, pain, and depression in clinical and older adults [17-20] as effectively 

as evidence-based therapies for older adults with psychiatric diagnoses [21], and are more effective 

than aerobic or resistance training for clinically depressed older (>65 aged) populations [22].  

However, the standard in-person group format of mindfulness-based interventions (MBIs) can 

be physically demanding for older adults with immobility issues and challenging for those unwilling 

to engage in a group setting [23]. An online survey investigated the preferred delivery method for 

MBIs and found that older adults (60-90 years old) favor the internet (43%) over individual (39%) or 

group (10%) format, and 10% stated they would not engage in a group format [24]. The online 

format for MBIs could provide one solution to accommodate this population with an alternative to 

the group format.  

The Internet Mindfulness Meditation Intervention (IMMI) is one such program that offers a 

desirable format and helps with depression, sleep, and pain. IMMI brings mindfulness meditation 

education and practice to the comfort and safety of people’s homes via the Internet through a six-

week program consisting of one-hour weekly sessions and 20 minutes of daily home practice [25]. 

Previous studies on IMMI’s effect on relatively healthy adults reported increased mindfulness home 

practice engagement than the control group [26]. Using IMMI with older adults has been found 

satisfactory, feasible, and without adverse effects [27]. The latest study investigating IMMI’s effects 

on older adults (55-80 years old) with depression and related symptoms reported improved sleep 

disruption, perceived stress, pain intensity, and depression symptoms [23]. 

The current study builds on previous work to evaluate the effects of IMMI with the addition of a 

smartphone application for home practice (iMINDr). The study offers a preferred delivery format 

known to increase meditation practice with comfortable, safe, and convenient access to meditation 

without requiring participants to visit the research lab and a more accessible home practice platform. 

The study’s objective was to evaluate if the combination of IMMI plus iMINDr effectively improves 

well-being in older adults with depressive symptoms. Mood and related outcomes collected for this 

trial were depression symptoms, well-being, affect, compassion, sleep quality, and pain intensity. 

We hypothesized that the combination of IMMI and iMINDr would decrease depressive symptoms 

in older adults.  
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2. Methods 

The Institute of Noetic Sciences (IONS) Institutional Review Board (IRB) approved all study 

activities (WAHH_2018_02).  

2.1 Recruitment 

Older adults (50-90 years old) with depression symptoms were recruited mainly through 

outreach to IONS’ community members, including 1) eNewsletters (membership ~65,000); 2) 

community group-specific eNewsletter (~85,000 followers); 3) targeted email outreach; 4) blogs, 5) 

IONS’ website; 6) associated social networks; 7) affiliate organizations' social networks; 8) 

networking sites such as NextDoor and Craigslist, and 9) participants who had previously completed 

other meditation-related studies with IONS.  

2.2 Screening 

Potential participants were provided with a link to a HIPAA-compliant SurveyMonkey screening 

questionnaire about inclusion/exclusion criteria, which were kept broad to maximize recruitment, 

generalizability, and public health applicability. Inclusion criteria were: age 50-90 years old, Center 

for Epidemiologic Studies Depression Scale-5 (CESD-5) [28]  greater than four and less than 32, 

current residence in the United States, regular access to a smartphone, tablet, or computer, and the 

internet, and willingness to complete all six IMMI sessions. Exclusions were: significant acute 

medical illness that would decrease the likelihood of study completion (self-report), significant and 

untreated depression (CESD-5>32), and previous meditation practice that exceeded 5 minutes a day 

for 30 or more days in the last six months. Those who were not eligible to participate in the study 

were provided with mental health care resources and mindfulness meditation resources.  

2.3 Procedures 

Eligible participants were invited to review the Informed Consent, which described the study 

procedures, risks, benefits, and compensation to complete the study. Participants received $100 to 

complete all study measures (the course, the iMINDr, and pre- and post-surveys). The study team’s 

phone number and email were provided to all participants if they needed assistance with the study 

or Informed Consent. Once enrolled, participants received the pre-intervention measures and 

access to the six-week IMMI intervention and iMINDr smartphone application. The self-paced IMMI 

intervention included three components: 1) a one-hour online video session once a week for six 

weeks; 2) a home practice of daily guided meditation (30 minutes) using the iMINDr app; and 3) an 

IMMI workbook for tracking participant progress. After participants completed the six-week IMMI 

course, they received the post-intervention measures.  

2.4 IMMI  

Once participants completed the pre-intervention measures, they were provided instructions via 

email to access the six-week IMMI course, the iMINDr app, and the digital IMMI Workbook. 

Participants were asked to commit to about six-and-a-half hours of practice per week for six weeks. 

They could practice at any time that was convenient for them, although practicing at the same time 
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each day was recommended. The staff involvement was minimal to determine IMMI’s effect with 

the least amount of support. 

IMMI’s standardized and structured program was designed to increase participant awareness, 

understand and improve their stress-related reactions, and encourage their inspiration for self-care 

and a sense of competence and mastery [25]. Each IMMI session contained: 1) educational 

instruction and discussion on stress, relaxation, meditation, and mind-body relationship; 2) 

solution-driven methods for successful and joyful mindfulness practice; and 3) formal and informal 

mindfulness meditation guidance and practice [25]. Formal meditation sessions consisted of a 

mindful Body Scan and Sitting Meditation (breath awareness, body sensations, cognitive and 

affective processing). Participants had to complete each online session before continuing to the 

next one.  

Informal practice sessions promoted mindful daily activities (e.g., eating, cleaning, walking) to 

generalize mindfulness outside of formal practice. Formal practices included daily guided 

meditations for approximately 30 minutes per day. The iMINDr smartphone application 

administered the formal guided meditation home practice. The course workbook summarized each 

session’s content and home practice for the week. The research staff did not collect these 

workbooks. 

Upon enrollment in the study, the research managers encouraged participants to set times in 

their calendars to complete the IMMI Course videos (1-hour per week for six weeks) and complete 

the daily iMINDr meditations. The research team tracked participant adherence by checking IMMI’s 

administrative portal several times a week to confirm online session completion (attendance). 

Participants who failed to complete one or more IMMI sessions were contacted up to three times 

via email or phone to inquire about their continued participation and any additional support they 

might require to complete the study. Study staff offered email and phone/text reminders to 

complete the weekly IMMI sessions. If participants did not respond to contact or complete the 

session after three attempted contacts, they were considered drop-outs. Upon completing the 6-

week IMMI sessions, participants completed the post-intervention survey. After the survey was 

complete, they received access to the online guided meditations for a year to continue their practice. 

2.5 Measures 

The following measures were collected through SurveyMonkey.com before and after the six 

IMMI sessions.  

2.5.1 Well-Being 

The Arizona Integrative Outcomes Scale (AIOS) [29] is a single item, visual-analog self-rating scale 

that evaluates overall subjective sense of well-being. Participants are asked, “Please reflect on your 

sense of well-being, taking into account your physical, mental, emotional, social, and spiritual 

condition over the past 24 hours. Please move the slider below to a point that summarizes your 

overall sense of well-being for the past 24 hours.” The slider is from 0-100 with 0 = worst you have 

ever been, and 100 = best you’ve ever been. The scale results in one value with larger values 

indicating greater well-being. Convergent and divergent validity was significant compared to the 

Global Health Index (0.38) and Global Severity Index (-0.41), negative affect (-0.41), and positive 

affect (0.56) of the Positive and Negative Affect Scale. 
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2.5.2 Depression and Mood-Related Symptoms 

Depression: Center for Epidemiologic Studies Depression Scale is a commonly used self-report 

measure of depressive symptoms, with a 5-item subset of the original 20-item scale (CESD-5). The 

CESD-5 was used for the screening process. The raw score was multiplied by 4 for cutoff score 

criteria determination. The CESD-5 has demonstrated good sensitivity (>0.84), specificity (≥0.80), 

and high validity (>0.90) for identifying current depression symptoms by the full 20-item scale [30]. 

The full CESD was used for evaluating depression symptoms before and after the intervention. 

Participants reported values for each item (e.g., depressed mood, movement/exercise, loss of 

appetite, sleeping problems, feelings of guilt, worthlessness, and helplessness), producing total 

scores ranging from 0 - 60, where higher scores reflect greater depression symptoms [31]. 

Affect: The Positive and Negative Affect Schedule (PANAS) is a self-report measure including two 

mood scales, one measuring positive affect and the other measuring negative affect [30, 31]. Users 

rate each item on a 5-point Likert Scale ranging from 1 = never to 5 = always. Five items measure 

positive affect, and five items measure negative affect. Positive and negative items are summed for 

the scores. The scales range from 5 - 25, with higher scores representing higher positive or negative 

affect levels. 

Compassion: Dispositional Positive Emotions Scale Compassion subscale is a five-item scale 

asking participants about their capacity for compassion and compassionate acts rated on a Likert 

Scale from 1 = strongly disagree to 7 = strongly agree [32]. Compassion is an emotional response 

when suffering is perceived and involves an authentic desire to alleviate that suffering. Higher 

scores indicate greater levels of positive compassion.  

2.5.3 Depression-Related Symptoms 

Sleep Quality: Acute sleep is a single-item 11-point numeric scale measuring acute sleep. 

Participants rate their sleep quality over the past 24 hours on a scale ranging from 0 - 10, with 0 = 

best possible sleep and 10 = worst possible sleep. An investigation of this Sleep Quality Scale 

suggests the single-item format has favorable measurement properties. Specifically, the results 

provide evidence of its reproducibility, convergent validity, and responsiveness to treatment as an 

overall sleep rating in two clinical trials [33]. 

Pain: The Numeric Pain Rating Scale (NPRS) is a visual analog scale in which a respondent rates 

the intensity of their pain “in the last 24 hours,” or average pain intensity. The 11-point numeric 

scale ranges from 0 = no pain to 10 = worst possible pain. The NPRS is a reliable scale in terms of 

inter- or intra-rater repeatability and its ability to detect change [34].  

2.5.4 Subjective Experience of Intervention 

Transformation items: After the intervention, participants rated how true they felt the following 

statement was, “I feel like I have positively changed as a result of this workshop,” on a scale of 0 - 

100 with 0 = definitely false and 100 = definitely true. They also rated if the following statement was 

true, “I experienced a moment of clarity or profound insight during my workshop.” 

Open-ended text: There was also the optional question, “Is there anything you would like us to 

know about your workshop/event experience?” where participants could type their open-ended 

answers. These comments were qualitatively reviewed.  
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2.6 Statistical Analysis 

Means, standard deviations are reported for continuous variables and counts and percentages 

for categorical variables. Data manipulation and analyses were performed using the statistical 

programming language R [35] and STATA 15.1. The raw data were analyzed by taking the difference 

of pre- and post-event scores (pre- minus post-). The normality of the differences was assessed 

using the Shapiro-Wilk test. Non-normally distributed differences were analyzed using the Wilcoxon 

signed-rank test if symmetric and the Sign test otherwise.  

Data were imputed using the R package Amelia [36], which performs multiple imputation on 

cross-section (survey) or time-series data. If both pre- and post-event data were missing for a 

participant, the observation was removed (as it cannot be accommodated by multiple imputation). 

100 imputed data sets were generated per t-test. Paired t-tests were performed using the R package 

MKmisc [37] using functions specifically designed to perform multiple imputation Student’s t-tests 

(t-tests that are carried out on multiple imputed data sets). This procedure was repeated once for 

only completers and once for both completers and non-completers. A False Discovery Rate 

correction for multiple comparisons was applied using p = 0.05 as the cutoff [38]. 

The Cochrane Handbook for Systematic Reviews of Interventions [39] states that intention-to-

treat analysis can be performed in the presence of missing data using imputation, wherein 

sensitivity analysis involves the use of different methods to validate the result. This approach is used 

here to generate three sets of results for validation. 

3. Results 

3.1 Participants 

Study activities occurred between April 10, 2019, and February 11, 2020. With extensive 

recruitment, 389 people accessed the screening questionnaire. Of those, eight stopped after the 

consent form, 13 were younger than 50, 12 did not have a smartphone, 71 had more than 5 minutes 

of daily meditation practice, two stopped after the meditation question, and 47 did not leave any 

contact information. That resulted in 228 volunteers who were invited to complete the CESD 

depression screening questionnaire, 220 of whom completed it. Of those, 154 were eligible and 

asked to complete the baseline measures (66 were not eligible because their CESD score was less 

than five or greater than 31). One hundred and four participants completed the baseline survey, 

102 of which responded and received the intervention materials (e.g., log-in information and 

instructions). Of the 102, 19 dropped out for various reasons (i.e., one cancer diagnosis, one ill 

spouse, four too busy, four technical issues or didn’t like the program, nine no explanation). Seven 

of the people who dropped out completed module 1, and two completed module 2. Two 

participants completed all six modules in 45 minutes. Forty did not respond to the three staff 

reminders. Thirty-eight participants completed all six IMMI sessions. All data was retained for the 

intention-to-treat analysis. Participant characteristics are displayed in Table 1. Although participants 

were requested to complete one session per week, the average time to complete the course was 

9.9 ± 3.5 weeks (range 4-22).  
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Table 1 Participant characteristics. 

Characteristics Units/Categories 
Values 

Mean (SD) or n (%) 

Age Years 63.3 ± 8.0, range 50-83 

Education Years 16.9 ± 3.3 

Gender 
Female 

Male 

74 (71.2) 

30 (28.9) 

Ethnicity 

Asian or Asian American 

Black or African American 

Hispanic 

White/Caucasian 

Other 

3 (2.9) 

3 (2.9) 

2 (2.0) 

95 (91.4)  

1 (1.0) 

Relationship 

In a relationship 

Not in a relationship 

No response 

68 (66.7)  

34 (33.3) 

2 (5.3) 

Setting 

Rural 

Suburban 

Urban 

19 (18.6) 

54 (52.9) 

29 (28.4) 

Overall Health 

Poor 

Fair 

Good 

Very good 

Excellent 

1 (1.0) 

13 (12.6) 

50 (48.5) 

36 (35.0) 

3 (2.9) 

Note. n = 104. 

3.2 Mood and Related Outcomes 

After comparing the before and after IMMI participants’ data, there were improvements in 

depression symptoms, well-being, positive and negative affect, sleep quality, and pain intensity 

(Table 2). Most participants felt that the statement, “I feel like I have positively changed due to this 

workshop,” was true (81.6 ± 19.6). Seventy-six percent of the participants endorsed the statement, 

“I experienced a moment of clarity or profound insight during my workshop.” 

Table 2 Depression and related symptoms summary statistics and paired test results for 

the data before and after IMMI + iMINDr without multiple imputation. 

Outcome 
Pre 

n 

Pre 

Mean (SD) 

Post 

n 

Post 

Mean (SD) 

Δ  

n 

Δ 

Mean (SD) 
Paired Test Result 

Depressiona* 104 20.7 (8.5) 41 13.3 (8.8) 41 7.4 (10.2) t(40) = 4.7, p = 0.00003 
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Well-Beinga* 97 51.8 (16.8) 41 66.0 (17.8) 38 
-14.1 

(17.7) 

t(37)= -4.971, p = 

0.00002 

Positive Affecta* 100 15.7 (3.6) 41 17.4 (4.3) 41 -2.1 (4.7) t(40)= -2.87, p = 0.007 

Negative Affectb* 100 10.2 (3.4) 41 8.4 (3.5) 41 1.1 (4.2) V = 453, p = 0.02 

Compassionc 103 5.3 (1.2) 42 5.7 (1.1) 42 -0.2 (0.8) s = 15, p = 0.50 

Sleep Qualitya* 102 4.7 (2.3) 42 2.9 (2.2) 42 2.1 (2.6) t(41) = 5.3, p = 0.000005 

Painc* 98 3.6 (2.7) 42 2.5 (2.4) 38 1.0 (2.1) s = 18, p = 0.03 

Note. Affect (5-25; 25 = higher levels of positive or negative affect); Compassion (1-7; 7 = greater 

levels of compassion); Depression (0-60; 0 = no depression symptoms); Pain last 24 hours (0-10; 

0 = no pain); SD–Standard Deviation; Sleep quality last night (0-10; 0 = best sleep); Well-

Being/AIOS (0-1000; 0 = worst you have ever been). 
a = paired t-test, b = Wilcoxon Signed Rank Test, c = Sign-Test; *Significant using False Discovery 

Rate p = 0.05 

Multiple imputation of the completer analysis (Table 3) revealed similar results for depression 

and well-being. The pain measure p-value became more significantly significant (p = 0.03 without 

imputation and p = 0.009 with imputation).  

Table 3 Summary statistics and paired t-test results for completers with multiple 

imputation. 

Outcome 
Δ 

Mean (SD) 
Paired Test Result 

Depression* 7.5 (10.2) t(38) = 4.7, p = 0.00003 

Well-Being* -13.9(18.2) t(37)= -4.9, p = 0.00002 

Pain* 0.9 (2.2) t(36)= 2.8, p = 0.00002 

Note: n = 42 Measures that are not displayed here did not have any missing data or had instances 

of both pre- and post-survey values missing for a participant that were removed (these are not 

accommodated by the imputation procedure). *Significant using False Discovery Rate p = 0.05 

Multiple imputation of completer and non-completer data (Table 4) also revealed similar results 

with all measures except for compassion being significantly improved even with multiple 

comparison corrections. 

Table 4 Summary statistics and paired t-test results for completers and non-completers 

with imputation. 

Outcome Δ  Δ Multiple Imputation 
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n Mean (SD) Paired Test Result 

Depression* 104 7.4 (14.5) t(51) = 5.2, p = 0.000003 

Well-Being* 100 -14.1 (26.2) t(39)= -5.4, p = 0.000003 

Positive Affect* 100 -1.8 (6.7) t(41)= -2.7, p = 0.01 

Negative Affect* 100 1.5 (6.0) t(45)= 2.5, p = 0.02 

Compassion 103 -0.2 (1.4) t(32)= -1.7, p = 0.09 

Sleep Quality* 102 1.9 (3.3) t(49)= 5.9, p<0.0000005 

Pain* 102 1.0 (3.1) t(40)= 3.3, p = 0.002 

Note: n = 42 Measures that are not displayed here did not have any missing data or had instances 

of both pre- and post-survey values missing for a participant that were removed (these are not 

accommodated by the imputation procedure). *Significant using False Discovery Rate p = 0.05 

3.3 Subjective Experience of Intervention 

Most participants felt that the statement, “I feel like I have positively changed due to this 

workshop,” was true (81.6 ± 19.6). Seventy-six percent of the participants endorsed the statement, 

“I experienced a moment of clarity or profound insight during my workshop.” After the intervention 

survey included an open-text field requesting feedback about the study, twenty-one participants 

responded, and fifteen participants wrote a positive comment about the course or how it affected 

them. For example, some participants commented on the program’s positive impact on their well-

being “... despite a challenging life situation presently…,” and “... helpful with everyday challenges, 

and for finding great value in it.” 

Others reported that the coping skills they learned in this program were helpful in stressful 

situations, and that friends and family also noticed their “new-found equilibrium.” 

One participant specifically attributed the improvement in health to this practice after the doctor 

confirmed that their “... regular blood test numbers were really good… especially... blood pressure.” 

Two participants suggested improvements in audio quality and another in the course structure. 

Three participants talked about personal difficulties in their lives that precluded them from 

successfully participating in the course. 

4. Discussion 

4.1 Summary  

The current study examined the combined effects of an Internet Mindfulness Meditation 

Intervention (IMMI) program and iMINDr app on mood and related outcomes for older adults with 

depression symptoms with minimal research staff support. The completion rate of people initially 

enrolled in the study was low (24%). The study was feasible in that interested participants were able 

to complete the study activities given enough time. Depression symptoms, general well-being, 
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higher positive and lower negative affect, sleep quality, and pain levels improved after completing 

the IMMI intervention.  

4.2 Participant Characteristics 

There were no critical demographic differences between participants and depression symptoms. 

Most participants were Caucasian, which aligns with nationally representative survey findings [40]. 

More women took part in this study, as is the case with most complementary and alternative 

medicine studies [41]. All the participants were novice meditators.  

4.3 Adherence  

Participants had to complete all six sessions to be considered completers, and so all included 

participants were exposed to the six sessions. In general, participants did not have any issues 

downloading the iMINDr application for android or iOS devices. Increasingly older adults are now 

comfortable with smartphone technology, as reflected by a recent Pew Research Center survey 

reporting that 42% of US adults 65 and older and 59% of 65-69-year olds use smartphones [42]. 

Having participants download the iMINDr app on their smartphones rather than mailing them a 

study iPod, as was done in previous studies, was a vast logistical improvement helpful for future 

studies. Those studies focused on the objective data collected by iMINDr to observe practice 

patterns in general and in relation to outcomes.  

High attrition rates were mostly related to participants' lack of motivation to complete the course 

and stress levels. We encountered similar issues in this study to other meditation studies in older 

adults [21, 27]. We made minimal efforts to support adherence to the study activities, as was the 

study’s purpose. The contact we did make was helpful with the participants who were committed 

to completing the program. Additional improvements could be to make the course more engaging 

or motivating so that participants would be inspired to complete it despite limited encouragement 

and high-stress levels. 

We found that eligible participants were initially very eager to participate in the study 

intervention but had trouble completing the study components. Likely, the combination of 

depression-related symptoms and some challenges with technology in this older population 

presented obstacles to complete self-directed study activities, such as watching the 1-hour weekly 

IMMI course material or meditating daily. Additionally, participants were often struggling with life 

circumstances, such as health issues, caring for ailing parents or loved ones, or coping with California 

wildfire-related issues that impeded their ability to dedicate time to the study. Motivated 

participants completed all six online sessions with minimal support if they had lower stress levels at 

home or their motivation levels were high enough to overcome the barriers for them to participate 

fully in the program. Future studies that aim to maximize participant adherence should consider 

adding more staff support (e.g., scheduled email/text reminders and telephone interactions). 

4.4 Mood and Related Outcomes 

According to the Center for Epidemiological Studies Depression Scale (CESD) scoring guide, the 

IMMI participants showed a statistically significant and clinically important improvement from 

before to after the IMMI course as found in other studies as well [23]. General well-being also 
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improved, as other mindfulness studies have also found [43]. Sleep quality also improved clinically 

and statistically in the IMMI participants. These improvements reflect previous findings in older 

adults with depression [23] and patients with insomnia and other chronic conditions [39-41]. Pain 

intensity scores improved significantly upon the IMMI completion but not as much as depression, 

well-being, affect, and sleep. Previous studies also report a positive influence of mindfulness 

meditation on pain outcomes [42-47], although the improvement may be due to the effect of the 

psychological aspect of chronic pain [48]. Improved depression, well-being, affect, sleep quality, and 

pain in participants with depression and related outcomes are noteworthy, considering that 

participants had minimal research staff support and were novice meditators.  

4.5 Limitations 

Several limitations should be considered when interpreting the results. The primary limitation is 

the lack of a control group. Future studies should consider a well-matched control group to evaluate 

effects. Our results are based on self-reported data, and future studies should be supplemented 

with objective methods [49]. Favorable correlations between the measures of well-being and social 

desirability have been found in previous studies [50] and should be taken into consideration when 

interpreting the results of our study since our participants received monetary compensation for 

their time. Furthermore, no cognitive screen or measure was included. High attrition may also have 

been from any cognitive decline participants were experiencing that prevented them from 

successfully navigating the technology requirements of the study. We did not measure expectancy 

and credibility, and future studies should consider including them as participants’ expectations 

toward the meditation practice may play a significant role in self-reported improvements. Although 

the benefits of mind-body interventions do not depend on expectancy effects [51], measuring this 

outcome is still recommended for better understanding and maximum impact of similar trials [52]. 

Even though having mostly Caucasian women prevented the results’ generalizability, these 

demographics reflect previous complementary and alternative medicine studies [41]. High attrition 

rates were expected, as is usually the case in studies with minimal staff support [53, 54] and yet, 

introduces a high risk of bias. The intention to treat analyses attempt to mitigate this risk and they 

did not find any substantive differences in the results. 

4.6 Future Directions 

Future studies would benefit from having an active and passive control group, additional time-

points of data collection to examine sustained positive effects of mindfulness meditation on 

depression, and additional staff support to increase adherence. 

5. Conclusions 

In conclusion, older adults who completed the IMMI course showed improvements in depression, 

well-being, affect, sleep quality, and pain symptoms. IMMI provides easy access and safe delivery 

of low-dose and -cost mindfulness meditation intervention via the internet, available to the older 

population who are unable to commute, do not like group settings, and need safe and effective 

therapies when interpersonal or professional help is unavailable, during and outside of the COVID-

19 pandemic.  
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