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Chronic obstructive pulmonary disease (COPD) is predicted 
to be the third leading cause of death worldwide by 2030 
(World Health Organization, 2017). COPD is usually a pro-
gressive and irreversible disease characterized by persistent 
airflow limitation and respiratory symptoms (Global Strategy 
for the Diagnosis, Management and Prevention of COPD, 
2019). Approximately 99% of patients with COPD reported 
daily symptoms like dyspnea and fatigue, and up to 80% of 
patients with COPD describe feeling anxious and/or depressed 
(Cannon et al., 2016; Yohannes & Alexopoulos, 2014). Due 
to the high symptom burden and frequently progressive 
nature of COPD, patients with COPD are often required to 
perform complicated and demanding self-care tasks at home. 
Self-care is the process by which individuals with chronic 
disease attain optimal health through learned, intentional 
health promoting actions; these activities must occur during 
both healthy and exacerbated states (Riegel, Jaarsma, Lee & 
Strömberg, 2018). Recently, an international consensus group 
of COPD experts described self-care/management interven-
tions as “structured, personalized and often multi-component, 
with goals of motivating, engaging and supporting the patients 
to positively adapt their health behavior(s) and develop 
skills to better manage their disease”—previous interventions 

falling under this definition have led to improvements in 
health-related quality of life (HRQoL), decreased risk for all-
cause hospitalization, reduced anxiety and depressive symp-
toms in patients with COPD (Effing et al., 2016; Jolly et al., 
2016; Zwerink et al., 2014).

Self-Care

According to the Middle Range Theory of Self-care of 
Chronic Illness, self-care comprises three related concepts: 
maintenance, monitoring, and management (Riegel, Jaarsma, 
& Strömberg, 2012). Self-care is herein used instead of self-
management as it is more encompassing. Each concept con-
tains progressively more complex self-care behaviors that 
patients with chronic conditions are expected to master over 
time. Behaviors inherent in each self-care concept can be 
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improved and mastered through the use of targeted educa-
tional interventions—this practice is prevalent in studies of 
other chronic disease like heart failure. However, COPD 
self-care lacks evidence as to which specific self-care behav-
iors clinicians should target when educating patients with 
COPD, as elaborated in two recent Cochrane Reviews on 
this matter (Lenferink et al., 2017; Zwerink et al., 2014).

Two recent Cochrane reviews including 22 and 29 stud-
ies, respectively, examined the efficacy of self-management 
interventions on outcomes such as HRQoL, hospitalizations, 
exacerbations, functional capacity, and mortality. In sum-
mary, those interventions that included comprehensive self-
management programs were found to increase HRQoL, 
reduce the risk for respiratory related admissions, but did not 
affect outcomes such as mortality, exacerbation frequency, or 
functional capacity (Lenferink et al., 2017; Zwerink et al., 
2014). Authors of these reviews cited several shortcomings, 
primarily related to the robustness of included interventions, 
prohibiting the author’s ability to pinpoint which behaviors 
were effective and at which dose elicited the greatest effect.

Contrarily, researchers have parsed some of these compre-
hensive interventions into smaller, more manageable pro-
grams centered on pulmonary rehabilitation (PR) programs 
and principles. PR and interventions paired with PR have cov-
ered many educational topics pertinent to those with COPD, 
ranging from exercise to mental well-being, symptom control, 
and exacerbation planning (Nguyen, Gill, Wolpin, Steele, & 
Benditt, 2009; Nguyen, Harrington, Liu, Lee, & Gould, 2015; 
Wouters et al., 2018). These interventions have been shown to 
reduce symptom distress, improve self-care behavior perfor-
mance, and improve HRQoL. However, one of the key limita-
tions of using PR literature to support self-management 
interventions relates to the confounding effect of the PR itself. 
PR is often highly structured and takes place over weeks to 
months, and in some cases years; this inherently contains for-
mal structured exercise and education, which may not reflect 
the reality of many patients with COPD.

To date, it is currently unknown how COPD patients 
interact with educational self-care interventions, and until 
recently with the advent of digitally delivered interventions, 
has been difficult to track their engagement and activity. 
Digitally delivered interventions have numerous benefits 
compared to traditional paper-based formats: (a) information 
can be rapidly communicated to patients and providers, (b) 
detailed usability statistics and intervention interactions can 
be generated/recorded passively, (c) there is less physical 
burden compared to traditional paper-format, and (d) the 
intervention can quickly be adapted and updated over time 
(Noar & Harrington, 2012).

Purpose

Thus, the purpose of this pilot study was to (a) develop an 
educational self-care intervention using evidence-based self-
care behaviors and (b) determine feasibility and acceptability 

in a pilot test of the intervention. Our secondary purpose was 
to collect data that indicated positive and or negative effects 
from the intervention on the following outcomes: perceived 
self-care ability, self-care adherence, self-care information 
needs (knowledge), somatic symptoms, anxiety, and depres-
sive symptoms in adult patients with stable COPD (N = 20).

Methods

Intervention Development

We purposively searched primary and secondary sources that 
reflected the most up-to date self-care research in COPD 
(Jolly et al., 2016; Lenferink et al., 2017; Zwerink et al., 
2014), as well as current clinical guidelines from pulmonary 
organizations that have a global impact (such as the Global 
Initiative for Obstructive Lung Disease [GOLD], American 
Thoracic Society, and COPD Foundation) to identify evi-
dence-based self-care behaviors that could be incorporated 
into an educational intervention. In total, we identified 83 
self-care behaviors, similar to the results produced by Clari 
et al. (2017). The identified behaviors were analyzed for con-
tent and/or theme (within the context of the intervention for 
some behaviors). Content and/or themes were then synthe-
sized into seven self-care categories as agreed upon by the 
research team: (a) nutrition and diet, (b) physical activity and 
exercise, (c) medications, (d) breathing control, (e) mental 
health, (f) environment, and (g) exacerbation planning.

Each of the 83 behaviors were then labeled to reflect the 
Riegel et al (2012) self-care theory, including low-mastery 
behaviors (maintenance), intermediate mastery behaviors 
(monitoring), or high-mastery behaviors (management; 
Riegel et al., 2012)—these behaviors were labeled for inves-
tigator knowledge, but were not presented as such in the 
intervention itself. Given our aim to build an evidence-based 
intervention, the five most evidence-based behaviors from 
our literature review, in combination with the works from 
Clari et al. (2017), were chosen for each self-care behavior 
category, resulting in 35 total behaviors incorporated into 
this intervention. For each of the seven self-care behavior 
categories, there were at least one behavior from each mas-
tery level (maintenance, monitoring, and management) to 
account for the varying self-care ability levels present at 
baseline. Additionally, behaviors were chosen based upon 
previous evidence to support its efficacy and/or its recom-
mendation from medical societies. A summary of topics cho-
sen for each self-care category can be seen in Table 1.

We acknowledge that the PR literature has many studies 
pertaining to education in COPD. However, in the conceptu-
alization of our intervention, we analyzed the PR literature 
and deemed that inherent in PR are many latent and con-
founding effects on patient outcomes, due to the regimented 
nature of PR, as well as the heavy emphasis on exercise 
and physical activity. Taking these principles into account, 
we looked at the PR literature not to necessarily base our 
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intervention off of previously successful interventions, but 
rather to examine if certain educational constructs seemed 
beneficial and translatable to a self-guided intervention such 
as ours. There were numerous educational concepts extracted 
from PR literature and included in our intervention.

Incorporation of behaviors into a digital intervention. We then 
incorporated the five most evidence-based behaviors identi-
fied in our literature review into a digital intervention hosted 
on a website. The website was partitioned into two main sec-
tions: (a) the intervention and (b) data collection tools. The 
intervention was separated into seven distinct modules which 
reflect the seven synthesized self-care categories identified 
in our literature search (nutrition and diet, physical activity 
and exercise, medications, breathing control, mental health, 
environment, and exacerbation planning). For each of the 35 
total behaviors chosen to be incorporated into the interven-
tion, we developed writings, pictures, and/or videos to edu-
cate patients on how to preform each behavior, or incorporate 
the behavior into their activities of daily living.

One of the included behaviors was proper inhaler tech-
nique, in which we provided written directions, pictures of 
proper technique, and videos demonstrating the appropriate 
behavior. Another example was about environment modifi-
cation, specifically speaking to altering their living arrange-
ments to conserve energy. This included a list of things they 
could do, such as using extendable-reach grips to access 
things on higher shelves, trying to make as many tasks at 
waist to sternum level (e.g., making coffee and folding laun-
dry), and how to plan their day so that they space out energy 
intensive activities throughout the course of their day instead 
of completing them all at once. There were written, visual, 
and multimedia components built to teach the participants 
these concepts.

The modules were designed so that introductory teach-
ings encompassed low-level self-care behaviors and the 
later teachings encompassed high-level self-care teachings. 
Each module was designed to be open and self-guided, so 
that participants could access the material in which they 
believed needed the greatest amount of education. The web-
site was optimized to be viewed and used on a tablet or 
mobile device. For this pilot study, we provided the partici-
pants with a tablet-computer (Amazon Fire Tablet, 8 giga-
bytes, 7th generation).

Design

To study the variables in this report, we used a repeated-mea-
sures, quasi-experimental design for this pilot study—the 
total duration of the study was 3 weeks (21 consecutive days). 
Participants were assessed at baseline, after the first week 
(time 1), after the second week (time 2), and after the third 
week (time 3). Efficacy of the digital intervention was exam-
ined by comparing data collected at baseline to data from 
times 1, 2, and 3. Measures of perceived self-care ability, 

Table 1. Description of the Seven Educational Components 
Included in the Intervention.

Self-Care 
Component Content Covered

Nutrition/Diet Caloric intake and weight management
Appropriated of macronutrients
Meal timing and portions
Water consumption
Vitamins, minerals, and dietary supplements

Physical 
Activity

Physical activity promotion (ways to improve 
light physical activity not normally considered 
“exercise”)

Recommended exercises for people with 
COPD

Amount of exercise per day/week
Breathing control while exercising
Developing prolonged exercise habits (routine 

reinforcement)
Medications Compiling an accurate list of medications

Timing and dosing of daily medications 
(knowledge and behavior practice)

Non-pharmacologic ways to manage acute 
symptom onset

Establishing the most common side effects of 
different medications

Establishing an action plan for when symptoms 
need acute treatment

Breathing 
Control

Pursed lip breathing
Diaphragmatic/belly breathing
Utilizing rest to prevent dyspnea
Postural positioning for optimal breathing
Using relaxation techniques to combat the 

anxiety-dyspnea cycle
Mental Health Identification of life stressors

Developing a plan to combat common life 
stressors

Utilization of breathing techniques to reduce 
anxiety/dyspnea

Non-pharmacologic ways to cope with anxiety: 
meditation, mindfulness, muscle relaxation, 
biofeedback, and distraction therapy

Identifying depression and depressive 
symptoms

Environmental 
Modification

Smoking cessation and avoiding lung irritants
Involvement of caregiver/significant other/

friend/family with medical care
Promoting social interaction
Energy conservation (spacing activities)
Modifying living arrangements

Exacerbation 
Planning

Developing an action plan
Establishing symptom norms and knowing 

when to seek help
Identifying where is most appropriate to seek 

medical treatment
Identifying early warning signs of worsening 

symptoms
Medication uses when symptoms become 

worse

Note. All materials were delivered via print, pictures, and/or interactive 
videos.
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anxiety, and depression, were measured at baseline and at 
times 1, 2, and 3. Perceived self-care adherence and self-care 
information needs (knowledge) were measured at baseline 
and at time 3. As stated previously, this pilot study was 
intended to test processes; thus sensitivity to change was not 
prioritized in our measures. We observed which topics the 
participants accessed the most, and thus which behaviors 
were likely to contribute to any observed outcomes. Given the 
exploratory nature of this pilot study, however, we only 
expected to observe changes in topics that have historically 
been shown to change over a short duration (knowledge, 
adherence, and anxiety).

Sample and Setting

Patients were recruited using a purposive, non-probability 
sampling method. Patients aged 40 years to 70 years old who 
were present for routine follow up visits for primary or sec-
ondary diagnosis of COPD at a pulmonary clinic in the 
United States were screened for eligibility. Patients were 
candidates for inclusion if they (a) had a confirmed diagnosis 
of COPD verified by spirometry demonstrating moderate to 
severe disease according to GOLD criteria (forced expira-
tory volume in one second [FEV

1
]/ forced vital capacity 

[FVC] <70% and FEV
1
 < 80%); (b) had stable disease state 

defined by absence of an acute exacerbation of COPD (sud-
den worsening of respiratory symptom requiring medical 
intervention; self-report and verified by medical records) in 
last 3 months; (c) had access to home Wi-Fi/internet; (d) 
could read, write, and speak English; and (e) had a cell-phone 
with text messaging capabilities. Patients were excluded if 
they had (a) presence of symptomatic cardiovascular dis-
eases or severe systemic diseases (end-stage liver or renal 
disease, systemic lupus erythematosus, or malignancy); (b) 
impaired eyesight prohibiting accurate visualization of tablet 
font as evidenced by failure to correctly read the tablet home 
screen application list; (c) obvious cognitive impairment 
(MiniCog scores <3) (Borson, Scanlan, Chen, & Ganguli, 
2003); or (d) low health literacy as evidenced by a score of 
more than four incorrect responses on the Newest Vital Sign 
instrument (Weiss et al., 2005).

Due to the exploratory nature of this pilot study, a sample 
of 20 participants, with no control group, were recruited. 
Given the primary and secondary purposes of this pilot study 
was to observe the feasibility and acceptability of the inter-
vention while collecting data that indicated positive and or 
negative effects from the intervention, 20 was deemed suffi-
cient to fulfil our purposes.

Measures

Clinical and sociodemographic variables. Sociodemographic 
variables included age, sex, ethnicity, highest education 
level, marital status, employment status, and living situa-
tion. Clinical data included height, weight, body mass index 

(BMI), spirometry measures (forced expiratory volume/sec-
ond [FEV

1
], forced vital capacity [FVC], FEV

1
/FVC, refer-

ence FEV
1
, reference FVC and reference FEV

1
/FVC), 

GOLD stage (indicator of severity of disease), number of 
exacerbations in past year, smoking status (packs per day 
and pack years), and current prescribed medications. These 
data were obtained from medical record review and patient 
interview.

Perceived self-care ability. Self-care ability was defined as “the 
core behavioral and cognitive abilities which presumably 
contribute to sustainable well-being” (Cramm, Strating, de 
Vreede, Steverink, & Nieboer, 2012). Self-care ability was 
measured with the Self-Management Ability Scale-Short 
(SMAS-S; Cramm et al., 2012). It is an 18-item, self-report 
questionnaire that has been used in patients with COPD and 
other chronic illnesses (Cramm & Nieboer, 2013). The 
SMAS-S total score assesses self-management ability with 
items in six sub-scales that include taking initiative, invest-
ment behavior, variety, multi-functionality, self-efficacy, and 
positive frame of mind. Subscales vary between a 5-point 
and a 6-point Likert scale, where higher scores indicate bet-
ter self-care ability. Each sub-scale can be used indepen-
dently, or all 18 questions can be used as a total composite 
score; scores can range from 18 to 102, and there is no estab-
lished cutoff for this scale. The six sub-scales had satisfac-
tory internal consistency with Cronbach’s α ranging from 
0.69 to 0.77. For this pilot study, we only used the composite 
score as our indicator of self-care ability.

Self-care adherence. Self-care adherence was defined as the 
extent to which an individual follows the self-care recom-
mendation/prescription (Sherbourne, Hays, Ordway, DiMat-
teo, & Kravitz, 1992). Self-care adherence was measured 
with a modified version of the Medical Outcome Study Spe-
cific Adherence Scale (MOS-SAS; Sherbourne et al., 1992). 
This modified MOS-SAS was built with the investigative 
team (using the principles of face validity) as an eight-item 
instrument that assesses adherence for each of the seven 
self-care domains included in this study. The MOS-SAS 
evaluates, “How often have you done each of the following 
in the past week?”; each answer is measured on a 6-point 
Likert scale ranging from “none of the time” to “all of the 
time.” Specific question topics included were exercising 
regularly, taking medications as prescribed, using relaxation 
techniques, stopping or cut down on smoking, following a 
low carbohydrate diet, cutting down on stress, and compar-
ing symptoms to previous day(s) symptoms. Each response 
is weighted to achieve a range of possible total score of 
0–100; all items are added then averaged. There are no 
established cut points for this scale. Internal consistency for 
the MOS-SAS ranged from 0.50 to 0.78 in similar chronic 
disease populations who require sustained, lifelong treat-
ment (diabetes, hypertension, and heart failure; Sherbourne 
et al., 1992).
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Self-care information needs (knowledge). Self-care information 
needs were defined as the content required by an individual 
so they can perform self-care (Hyland, Jones, & Hanney, 
2006). Self-care information needs were measured with the 
Lung Information Needs Questionnaire (LINQ; Hyland et al., 
2006). The LINQ is a 16-item questionnaire developed to 
assess self-care information needs and COPD knowledge in 
patients with COPD. Six domains comprise the LINQ; these 
include disease knowledge, medicines, self-management, 
smoking, diet, and exercise. Item scores for each domain are 
added to achieve a range of total scores from 0 to 25, with 
higher scores indicating higher information needs. There is no 
set cutoff for adequacy of informational needs. LINQ total 
score has satisfactory internal consistency with a Cronbach’s 
α of 0.62 (Hyland et al., 2006).

Somatic symptoms. Somatic symptoms were defined as the 
participant’s evaluation of the degree of intensity and change 
over 24 hours in disease-related symptoms of: distress due to 
cough, chest tightness, distress due to mucous, dyspnea with 
normal activity, dyspnea at rest, and fatigue. A modified ver-
sion of the Daily Symptom Scale (DSS) (Webel, Frazier, 
Moser, & Lennie, 2007) was used to measure symptom 
severity and variability. The 6-item, modified DDS prompted 
the participants to rate the severity of their symptoms daily 
on a 100-point visual analog scale (VAS) where 0 was 
absence of a symptom and 100 was the most distressful the 
symptom could be (Webel et al., 2007). The DDS has been 
shown to be reliable in patients with similar chronic diseases 
such as cardiovascular disease and heart failure (Webel et al., 
2007). Face validity of the modified DDS was confirmed by 
two pulmonary care experts. Reliability and validity of a 
computerized VAS has been shown to be low to moderately 
reliable with test-retest reliability coefficient of 0.56 and 
demonstrated strong convergent validity with non-computer-
ized measures (Abend, Dan, Maoz, Raz, & Bar-Haim, 2014).

Anxiety and depressive symptoms. The Hospital Anxiety and 
Depression Scale (HADS) was used to measure anxiety and 
depression (Zigmond & Snaith, 1983). The HADS is a 
14-item self-report questionnaire with a 7-item anxiety sub-
scale and 7-item depression subscale. Each subscale can be 
used independently, and scores range from 0 to 21 for each 
subscale; a total score out of 42 is calculated, with higher 
scores indicating greater levels of anxiety, depression and 
overall psychological distress. The HADS is responsive to 
change in longitudinal trials of those with COPD and demon-
strates responsiveness of Cohen’s D from -0.45 to -0.62, and 
a minimal clinically important difference of 1.6 (Smid et al., 
2017). Subscale scores of eight or higher indicate probable 
anxiety and/or depressive symptoms; the HADS has well 
established validity, reliability, and diagnostic accuracy for 
measurement of anxiety and depressive symptom in patients 
with COPD (Phan et al., 2016).

Procedure

Ethical considerations. The study site’s Institutional Review 
Board approved this pilot study prior to participant recruit-
ment (approval number: BHL-17-1435). All participants 
gave written informed consent to participate in this study. 
Data were collected from December 2017 to February 2018.

Recruitment and enrollment. Before enrollment, potential par-
ticipants were screened for cognitive impairment using the 
MiniCog (Borson et al., 2003) and for adequate health liter-
acy using the Newest Vital Sign (Weiss et al., 2005). Confir-
mation of home Wi-Fi and a smart phone with text-messaging 
capabilities were obtained. After determination of adequate 
health literacy and absence of obvious cognitive impairment, 
potential participants gave written informed consent and 
were provided with a tablet-computer. Extensive training on 
use of the tablet was then administered. Each participant was 
also given written instructions and reminders use of the tab-
let and how to access the intervention. After orientation to 
the tablet, baseline data collection took place in an empty 
exam room. All measures were completed and automatically 
transmitted via W-Fi to an encrypted data collection system 
(Research Electronic Data Capture), located behind a Uni-
versity firewall.

For the first week (days 1–7) patients were given access to 
a restricted version of the website to acclimate to navigating 
the tablet and the study’s website—this period provided stan-
dard medical education provided by the recruiting clinic. 
Troubleshooting and issues with accession were addressed 
during this time period. On Day 8, participants were granted 
access to the whole website and intervention package. Given 
this was the initial testing of this intervention, the partici-
pants were instructed to use the modules in any way they 
chose so that we could observe their natural interactions with 
the intervention and platform.

Text messaging to promote adherence. Participants received 
daily text messages between 1600 and 1900 hours on Days 2 
to 21 to remind them to acclimate to the website, explore the 
educational modules, and complete the respective measures 
when indicated.

Data analysis

Descriptive statistics including means (standard deviations) 
and frequencies were used to characterize the sample and 
the variables studies. Three repeated measures ANOVAs 
(RM-ANOVA) were conducted to compare mean scores for 
a perceived self-care ability, anxiety, and depressive symp-
toms at baseline to measures collected on day 8, day 15, and 
day 21. Paired sample t-tests were conducted to compare 
mean perceived self-care adherence, self-care information 
needs scores, and somatic symptom scores between pre- and 
post intervention. Spearman correlation coefficients were 
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used to evaluate the associations among variables based on 
the ordinal level of the data. Website usability was summa-
rized using descriptive statistics. Although it was not the 
intent to investigate for significant differences of our vari-
ables over time, analyses were performed using SPSS ver-
sion 24 (IBM, Armonk, NY) with an a priori α = 0.05 to 
indicate significance—we did not adjust our significance 
level to account for multiple comparisons of outcome vari-
ables due to the exploratory nature of the data analysis.

Digital Intervention Usability

Usability of the intervention is described by the total num-
ber of time the website was accessed, time spent on the web-
site, medium used to access the website, and adherence to 
weekly measures. General acceptability was also described. 
Participant’s usage of the tablet and webpage were tracked 
using Google Analytic Software.

Results

A total of 133 patients were screened for eligibility (Figure 1.). 
Thirty-seven met eligibility criteria and 20 (54%) patients 
were able and willing to participate. Seventeen were excluded; 
nine for obvious cognitive impairment, five for inadequate 
health literacy, two due to an inability to use the tablet, and 
one refused enrollment despite meeting all inclusion and 
exclusion criteria. Participant recruitment and follow-up took 
place from December 2017 to February 2018.

Characteristics of the Participants

Participants (N = 20) were primarily female, obese, Caucasian, 
with an averaged 62 years of age (Tables 2 and 3). A majority 
of participants had at least a high school education, were 
single, widowed, or divorced, and were not working due to 
disability, retirement or lack of employment. A majority of 

Figure 1. Screening and Enrollment Flow Diagram.
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the participants had advanced COPD (GOLD spirometric 
grade III or IV) and averaged 1.5 exacerbations in the previ-
ous year. Eight participants (40%) reported they were current 
smokers, while 50% of participants had quit smoking at 
some point. Participants had over six comorbidities on aver-
age and reported being prescribed a large number of medica-
tions. Two participants had previously participated in a PR 
program and no participants were part of a palliative care 
program. It should be noted that 12 participants reported 
having a caregiver of some sort (formal or informal).

Exploratory Analysis of Outcomes

Comparison of perceived self-care ability, anxiety, and depressive 
symptoms. Perceived self-care ability, anxiety, and depres-
sive symptom scores were measured four times (baseline, 
day 8, 15, and 21) and compared using a RM-ANOVA 
(Table 4). At baseline, anxiety scores averaged 6.6 ± 3.3, 
depressive symptoms 5.6 ± 3.5, and self-care ability averaged 
58.9 ± 12. There were no significant differences in scores 
among the measurement times for self-care ability [F(3, 48) 
= 2.46, p = .07], anxiety symptoms [F(3,51) = .585, p = .63] 
or depressive symptoms [F(3,51) = 0.45, p = .72].

Comparison of self-care adherence, self-care information needs 
and somatic symptoms. Perceived self-care adherence, self-
care information needs, and somatic symptoms were mea-
sured at baseline and on day 21, after completion of the 
intervention. Baseline mean scores were compared to scores 
obtained on day 21 with paired samples t-tests. There was a 
significant improvement in adherence scores from baseline 
(58.1 ± 19.3) to post-intervention (67.6 ± 12.2); t(17) = 
-2.47, p = .025. Self-care information needs were signifi-
cantly reduced after the intervention (baseline: 13.7 ± 3.1; 
post intervention: 11.3 ± 1.8; t(17) = 2.82, p = .012). This 
indicates that adherence improved and information needs 
decreased, which is indicative of an increase in knowledge. 
There were no significant changes in any of the six measured 
somatic symptoms from baseline to the end of the interven-
tion. Visual trends in the data suggest that symptoms gener-
ally were perceived as more severe at Day 21 than at baseline, 
however a larger study with more participants is needed to 
confirm this trend.

Association between perceived self-care ability, adherence, knowl-
edge, anxiety/ depressive symptoms. The association between 
self-care ability and adherence was significant at the con-
clusion of the study (p = .016). There was a positive rela-
tionship (r = .56; 95% bias corrected confidence interval 
[BCa CI] = .17 - .81); as participants reported higher degrees 
of self-care ability, they also reported higher degrees of 
self-care adherence. There were no significant associa-
tions between self-care ability and knowledge in this sample, 
r = -.193, p = .44, [.23, -.59]. There were no significant 
associations between self-care ability and anxiety symptoms 
in this sample, r = -.157, p = .54, [-.64, .42]. Perceived self-
care ability was significantly related to depressive symptoms, 
r = -.63, p < .01, [.88, -.17]. There was an inverse relation-
ship, meaning that as self-care ability scores increases, 
depressive symptoms decreased.

Website feasibility and usability. Due to technical issues 
regarding the website tracking software, usability statistics 
were only available for seven participants; two participants’ 
data were incomplete (the analytic software was enabled for 
their days 11–21) and five participants’ usability data were 
complete (the analytic software captured their usability for 

Table 2. Characteristics of Participants (N = 20).

Characteristics n(%)

Female 13(65%)
Ethnicity
 Caucasian 18 (90%)
Highest Education Level
 Less than high school 8 (40%)
 High school graduate or above 12 (60%)
Marital Status
 Single 8 (40%)
 Married 7 (35%)
 Widowed/divorced 5 (25%)
Smoking Status
 Current smoker 8 (40%)
 Quit smoking 10 (50%)
 Never smoker 2 (10%)
Employment Status
 Employed 8 (40%)
 Disabled/sick leave 6 (30%)
 Retired/unemployed 6 (30%)
Live Alone 6 (30%)
GOLD Stage
 II 9 (45%)
 III 5 (25%)
 IV 6 (30%)

Abbreviations: GOLD, Global Initiative for Obstructive Lung Disease 
Stage.

Table 3. Characteristics of Participants (N = 20).

Characteristics Mean Standard Deviation

BMI in kg/m2 30.2 7.6
Number of comorbidities 6.6 4.6
Number of exacerbations 

in previous year
1.5 1.2

Number of medications 
prescribed

12.9 6.6

FEV
1
 in liters per second 1.17 .43

% predicted FEV
1

43 14.9
FVC in liters 2.5 .73
FEV

1
/FVC 48 13.4

Abbreviations: BMI, body mass index; FEV
1,
 forced expiratory volume in 

one second; FVC, forced vital capacity.
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days 1–21). However, in regards to instrument completion, 
229 out of 240 (95.4%) of all instruments, among all time 
points, were submitted with complete data—this indicates 
that the timing and structure of data collection were 
acceptable.

From the seven patients’ website usage, there were a total 
of 1,120 page-views. Given that this reflects less than half of 
our participants, we anticipate that interaction with the inter-
vention was substantially higher than what is reflected. The 
website was accessed 75.3% of the time using tablets, 20.2% 
using desktop computers, and 4.5% using mobile phones. 
The highest volume of users was recorded between 8 am and 
10 am, as well as between 3 pm and 8 pm on any given day; 
this is believed to reflect the daily variation in disease burden 
from morning to evening. Participants spent 6 minutes and 
19 seconds per session on average, and accessed 5.66 differ-
ent pages per session—given that each component of the 
intervention contained numerous brief subsections, we 
believe 5.66 page-views reflects a high degree of usage per 
day. The most accessed educational module was the diet/
nutritional webpage followed by the breathing control, medi-
cation, physical activity, environment modification, exacer-
bation, and mental health webpages, respectively. Participants 
overall viewed the intervention as helpful and acceptable, 
which feedback such as, “I would have never known some of 
these things about my breathing” and “This provided me 
with information my doctor never told me.” Several partici-
pants reported that they would like to have an integration 
between the intervention and their primary care. Of note, 
four participants voiced that they would be interested in a 
program like this permanently, and specifically “I thought 
the symptom diary was helpful for me to track how I have 
been feeling.”

Discussion

We tested the use of a digital educational intervention for 
patients with COPD and evaluated its effect on perceived 
self-care ability, self-care adherence, self-care knowledge, 
anxiety, and depressive symptoms. Although a small pilot 
study, these preliminary results are promising for future 
examination of this self-care intervention. Given this was the 
initial testing of this intervention, and was delivered at a low 
dose, we stimulated change in two of our outcome variables. 
This fundamentally suggests that adherence and knowledge 
can be improved with minimal intervention from the practi-
tioner, and these variables may be able to be altered rather 
passively. Outcomes such as self-care ability, anxiety, and 
depression may require a more targeted, involved approach 
to elicit responses.

Results from this pilot study will likely result in moderate 
to substantive changes and adaptions for future testing. An 
important and possibly confounding finding was related to 
our sample. We likely had an atypical sample, similar to that 
reported from several of Nguyen and colleagues studies 
(Nguyen et al., 2013, 2015). These peoples were moderate to 
highly educated, were insured, had previously demonstrated 
self-management skills with some degree of proficiency, and 
were technologically savvy, which could result in limited 
opportunities for improvement from baseline. However, our 
sample performed similarly to those with COPD who partici-
pated in digital self-management interventions, who reported 
high degrees of comfort in using digital health tools.

In the COPD literature, people demonstrate significantly 
worse scores of self-care ability compared to other chronic 
diseases (Cramm & Nieboer, 2012). However, the partici-
pants in this sample reported a moderate to high level of self-
care ability. This is likely multifactorial given the participants 

Table 4. Comparison of Mean Scores for Symptoms, Anxiety, Depressive Symptoms, Perceived Self-Care Ability, Adherence and 
Information Needs (n = 19).

Baseline Day 8 Day 15 Day 21  

Variable M SD M SD M SD M SD P Value

HADS – anxiety 6.6 3.3 6.8 3.9 6.2 4.1 6.3 4.3 .63
HADS – depression 5.6 3.5 5.8 3.1 5.5 3.3 6.1 3.4 .72
Perceived self-care Ability 58.9 12 55.5 13.5 54.3 14.5 57.4 14.5 .07
Self-care adherence 58.1 19.3 - - - - 67.6 12.2 .03*
Self-care information needs 13.7 3.1 - - - - 11.3 1.8 .01*
Distress due to cough 26.6 25.4 - - - - 27.8 26.2 .59
Distress due to mucous 27.9 22.3 - - - - 29.3 23.3 .68
Chest tightness 28.8 24.1 - - - - 28.1 24.4 .79
Dyspnea with activity 45.4 27.8 - - - - 48.0 28.9 .27
Dyspnea with rest 25.9 26.1 - - - - 27.4 24.3 .48
Fatigue 38.0 26.8 - - - - 44.8 27.2 .08

Note. Values are mean ± SD.
Comparisons were performed with paired t-tests, or repeated measures analysis of variance, based on the number of repeated measures; * indicates 
significant finding.
Abbreviations: HADS, Hospital Anxiety and Depression Scale; SMAS-18, Self-management Ability Scale – 18-item version.
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were a convenience sample of patients from a local pulmo-
nary clinic and those who volunteered for participation in 
this study were already engaged in self-care activities to 
some degree, and 10% of our sample had previously partici-
pated in a PR program. A majority of our participants com-
pleted more than a high school education and we screened 
for adequate health literacy and satisfactory cognitive func-
tion; thus, our participants may not represent the typical 
patient with COPD.

The lack of change in self-care ability could be due to the 
short time period of the study or a lack of sensitivity of the 
SMAS-S to small change. Self-management abilities com-
prise a set of skills that are meant to be practiced, used and 
perfected over time; thus, self-care ability might continue to 
improve over time and not be reflected in these initial scores. 
A number of prior studies measured indices of self-care abil-
ity such as keeping follow up appointments, completing 
daily symptom diaries, taking prescribed medications, moni-
toring for changes in symptoms, and contacting providers for 
suspected exacerbations (Bischoff et al., 2011; Blackstock, 
ZuWallack, Nici, & Lareau, 2016; Fan et al., 2012). 
Investigators for these studies reported no change or a grad-
ual decline of patient adherence and skills in these behaviors 
(Bischoff et al., 2011; Blackstock et al., 2016; Fan et al., 
2012). These declines in self-care behaviors were postulated 
to be related to loss of interest in self-care, increased com-
plexity in prescribed treatment regimen, and poor quality of 
care from providers. However, previous investigators imple-
mented a high dose of their intervention through repeated, 
structured interventions over the course of days to weeks, 
while we structured our intervention to be less structured and 
a smaller dose. Thus, it is likely that our short timeframe and 
low dose were not adequate to observe change. Furthermore, 
perceived self-care ability was already moderately high in 
our participants, hence it is likely the intervention did not 
provide an adequate dose to produce an improvement in self-
care ability.

Participants demonstrated significant improvement in 
perceived self-care adherence and self-care knowledge. On 
average, our participants improved their self-care adherence 
by 9.5% and reduced their self-care information needs by 
9.6% after the two-week intervention period. This is consis-
tent with previous investigators who examined the impact of 
self-care interventions on adherence and self-care knowl-
edge (Leiva-Fernandez, Leiva-Fernandez, Garcia-Ruiz, 
Prados-Torres, & Barnestein-Fonseca, 2014; Smit, de Vries, 
& Hoving, 2012). Previous investigators tested multidimen-
sional self-care interventions and demonstrated that the 
experimental group improved perceived adherence by 30.5% 
to 99% compared to control during longitudinal follow-up 
(Leiva-Fernandez et al., 2014; Smit et al., 2012). There is 
extensive evidence that supports various types of self-care 
interventions can improve COPD specific knowledge, thus, 
these findings are expected. Our results combined with pre-
vious findings support the need to incorporate these concepts 

into future self-care interventions as a means to improve 
adherence and self-care knowledge. However, future studies 
are needed to examine the long-term impact of interventions 
delivered using digital platforms on constructs such as self-
care adherence and knowledge in patients with COPD.

On average, our participants did not meet the HADS cut 
points for presence of anxiety and depressive symptoms, and 
there were no significant changes in anxiety and depressive 
symptom scores throughout the study. A number of previous 
investigators found self-care interventions had no effect on 
anxiety and depression (Effing, Zielhuis, Kerstjens, van der 
Valk, & van der Palen, 2011; Panagioti, Scott, Blakemore, & 
Coventry, 2014); while more recently in meta analyses of 
data, the investigators reported improvement in anxiety and 
depression scores after an intervention (Jolly et al., 2018; 
Usmani et al., 2017). It seems self-care interventions can 
improve anxiety and depression scores if participants exhibit 
anxiety or depressive symptoms pre-intervention. Given our 
participants did not report a significant degree of anxiety and 
depressive symptoms at baseline, it is not surprising we did 
not observe an improvement in HADS scores. Clearly, the 
initial degree of mental distress will influence the degree of 
change.

There are several limitations of this study. The sample for 
this study was small and short in duration, thus limiting our 
ability to detect differences for some of our analyses—this 
clearly warrants a longer follow-up time. Moreover, our 
selected instruments (self-care ability, adherence, and knowl-
edge) have no supporting literature regarding responsiveness 
in longitudinal studies in COPD, thus is another limitation in 
our ability to detect change not due to chance in the time-
frame studied. This was also a convenience sample who were 
relatively well educated, with adequate health literacy and 
normal cognitive function—thus, this sample may not be 
indicative of the population. The instrument used in this 
study was self-report, which introduced the potential for 
social desirability and response bias. However, the variables 
we measured were subjective and self-report was the only 
appropriate way to measure them. Use of the MOS-SAS 
should undergo more psychometric testing in COPD popula-
tions to ensure its usefulness in this population. Lastly, due to 
coding error, we lost the usability statistics from the inter-
vention, thus limiting our ability to speculate on associations 
between our intervention and included intervention 
behaviors.

Future Research

Further testing of this intervention is necessary to further elu-
cidate the efficacy of self-care interventions in people with 
COPD. Given the emphasis on both the intervention and the 
repeated text messages to participants, it is impossible to 
know which aspects had a greater effect, if any, on our 
observed outcomes. A sequential, multiple assignment, ran-
domized trial (SMART) may be a future step, which would 
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enable us to determine which components need to be empha-
sized to determine the greatest effect for people with COPD. 
Moreover, a second larger study should be conducted where 
the digital coding is correct and in place. This would enable 
us to draw inferences from the usability statistics of the 
intervention, content accessed on the Website, and outcomes 
measured.

Our theory-based, self-care educational intervention 
delivery via electronic means produced change in perceived 
self-care by nearly 10% and reduced knowledge needs by 
almost 10%. The participants were highly adherent and inter-
active with the intervention tested in this pilot study.
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