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Abstract

Introduction: Low rates of adherence to self-management behaviors are common among patients 

with COPD. Health literacy and cognitive abilities may influence engagement in self-management 

behaviors. We sought to assess the association between health literacy and cognitive abilities with 

self-management behaviors in patients with COPD.

Methods: We conducted an observational cohort study among American adults with COPD in 

New York, New York, and Chicago, Illinois. Outcomes included adherence to COPD medication, 

metered dose inhaler (MDI) and dry powder inhaler (DPI) technique, receipt of vaccination, and 

routine healthcare appointments. Health literacy was measured with the Short Test of Functional 

Health Literacy in Adults. Cognitive function was assessed in terms of global, fluid (working 

memory, processing speed, executive function) and crystallized (verbal) ability.

Results: Adequate health literacy was associated with adequate adherence to COPD medications 

(OR 1.46; 95% CI, 1.02–2.08), correct MDI (OR 1.66; 95% CI, 1.13–2.44) and DPI (OR 2.17; 
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95% CI, 1.30–3.64) technique. Fluid abilities were also associated with medication behaviors and 

visiting a regular healthcare provider, while crystalized abilities were not. Global cognitive 

abilities were associated with correct inhaler technique. No other associations were found with 

non-medication self-management behaviors.

Conclusions: COPD patients with limited health literacy and deficits in fluid cognitive abilities 

have lower rates of adherence and poorer inhaler technique than individuals with adequate health 

literacy and greater fluid cognitive abilities. These findings highlight the importance of 

considering the health literacy level and cognitive ability when caring for and educating patients 

with COPD.
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1. Introduction

Chronic obstructive pulmonary disease (COPD) is a leading cause of morbidity and 

mortality in the United States [1]. Engaging patients consistently in guideline recommended 

self-management behaviors is one key mechanism to reduce COPD exacerbations and 

subsequent hospitalizations and to improve quality of life [2]. However, COPD self-

management is complex and includes appropriate use of daily medications, receipt of 

influenza and pneumococcal vaccination, routine appointments with healthcare providers, 

and when appropriate, use of supplemental oxygen [3, 4]. Despite the documented benefits 

of self-management, previous studies have shown that many patients are non-adherent to 

their COPD medications [5–7], misuse their inhalers [8], and fail to receive recommended 

vaccinations [9].

Health literacy, the degree to which individuals have the capacity to obtain, process and 

understand basic health information and services needed to make appropriate health 

decisions [10], as well as a more expansive set of cognitive abilities, are predictive of 

adherence to self-management behaviors across an array of conditions [11–14]. Limited 

health literacy and poorer cognitive abilities are associated with worse health outcomes 

among COPD patients [15–17], however their associations with COPD self-management 

behaviors is unknown. Cognitive abilities may be especially relevant to engagement in 

COPD self-care behaviors as patients with COPD are known to suffer from higher rates of 

cognitive impairment, likely resulting from chronic hypoxemia [18]. The objective of this 

investigation was to assess the association between health literacy and cognitive abilities 

with self-management behaviors in patients with COPD. We hypothesized that limited 

health literacy and poor cognitive abilities would be associated with poor self-management 

behaviors in patients with COPD.

2. Methods

2.1. Study Design

We conducted a prospective cohort study of adults with COPD recruited from hospital and 

community-based primary care and pulmonary practices in New York City, New York and 
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Chicago, Illinois. Patients were enrolled from November 2011 to January 2015. Potential 

participants were identified through queries of clinic records based on eligibility criteria that 

were documented within the electronic health records. After obtaining physician permission, 

potential participants were mailed a letter informing them about the study and provided a 

toll-free number to decline participation. Ten days following the initial mailing, trained 

bilingual research coordinators contacted participants by telephone to administer a brief 

eligibility screener. Interested and eligible participants were scheduled for an in-person 

baseline interview, during which written informed consent was obtained. All research 

coordinators were trained to administer all assessments included in the study battery and 

were required to pass a certification test before completing participant interviews. Follow-up 

interviews were conducted at 6, 12, 18 and 24 months.

Patients were eligible if they: 1) had a diagnosis of COPD made by a healthcare provider, 2) 

were ≥55 years, 3) spoke English or Spanish, and 4) were community-dwelling. We 

excluded patients with 1) asthma or another chronic respiratory illness, 2) a chart 

documented diagnosis of dementia or >2 errors on a 6-item dementia screening tool [19], 

and 3) any other neurological and psychological conditions that profoundly affect cognition 

(e.g., stroke, advanced Parkinson’s disease, schizophrenia). The study was approved by the 

Institutional Review Boards of the Mount Sinai School of Medicine, Northwestern 

University Feinberg School of Medicine, and Mercy Hospital and Medical Center.

2.2. Study Outcomes

2.2.1. Medication Adherence—Adherence to COPD medications was assessed via 

self-report using the Medication Adherence Reporting Scale (MARS). The MARS is a 

validated instrument that was previously adapted to assess adherence with inhaled 

medications and correlates well with objective electronic-monitoring adherence measures 

[20]. The scale includes ten items to examine both intentional and non-intentional 

determinants of medication non-adherence, and the questions are framed as a negative 

statement to minimize social desirability bias. Each item is rated on a 5-point Likert scale 

with higher scores indicating greater adherence. Participants with a MARS score of ≥4.5 

were classified as having adequate medication adherence, which is equivalent to never or 

rarely forgetting to take a medication [20–22].

2.2.2. Inhaler Technique—Participants’ ability to administer their metered dose inhaler 

(MDI) and/or a dry powder inhaler (DPI) devices was assessed using previously validated 

standardized checklists [23]. The MDI and DPI assessments address 8 and 7 steps in the use 

of the devices, respectively, covering the essential elements for adequate drug delivery. The 

steps included essential elements to drug delivery from preparation of the devices to their 

actuation and delivery of the medications. The MDI checklist included: 1) shake inhaler and 

remove protective cap, 2) hold inhaler upright, 3) exhale to residual volume, 4) place 

mouthpiece between lips and teeth, 5) inhale slowly and simultaneously activate the canister, 

6) continue slow and deep inhalation, 7) hold breath for 5–10 seconds, 8) remove inhaler 

from mouth. The DPI steps included: 1) prepare inhaler before usage, 2) keep inhaler 

horizontal, 3) exhale to residual volume, 4) place mouthpiece between lips and teeth, 5) 

inhale forcefully and deeply, 6) take inhaler out of the mouth, 7) hold breath for 5 seconds. 
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Trained interviewers observed the patients and documented the number of steps that were 

completed correctly. A threshold of >75% correctly completed steps was set to define 

adequate inhaler technique [11, 12], as a conservative mid-point that falls within a broad 

range of acceptable definitions of inhaler technique [8].

2.2.3. Other Self-Management Behaviors—Participants self-reported whether they 

had received an influenza vaccination in the past 12 months or ever received a pneumococcal 

vaccination. We also obtained information regarding whether participants had a healthcare 

provider (pulmonologist or general internist) who oversaw their COPD care, and whether 

they attended routine checkups for their COPD in the past 12 months.

2.3. Study Predictors

2.3.1. Health Literacy—Health literacy was measured using the reading comprehension 

section of the Short Test of Functional Health Literacy in Adults (S-TOFHLA) [24]. The S-

TOFHLA is a valid and reliable assessment commonly used in health literacy research that 

is strongly correlated with intermediate and distal health outcomes [25]. The S-TOFHLA is 

validated in both English and Spanish [26] and consists of a series of health-related 

passages, in which every fifth or seventh word is omitted, and respondents are asked to 

choose the appropriate missing word from four multiple choice items. As per S-TOFHLA 

administration procedures, the assessment is only administered to individuals with adequate 

visual acuity, defined as vision ≤20/50. Prior to completing the S-TOFHLA, vision with 

current correction was assessed using the Snellen handheld chart following standard 

administration procedures. Individuals with vision worse than 20/50 were omitted. Scores 

range from 0 to 36, with higher scores indicating higher health literacy; participants were 

classified as having adequate (score ≥23) or limited (score <23) health literacy.

2.3.2. Cognitive Abilities—Cognitive abilities were broadly classified as fluid, 

crystallized or global cognitive ability. Fluid abilities (processing speed, working memory, 

long-term memory, executive function) refer to cognitive traits associated with active 

information processing in which prior knowledge is of relatively little help. Processing speed 

was measured using the Pattern Comparison test which asks participants to compare pairs of 

simple line drawings that are the same or different and to complete as many trails as one can 

in a given time period [27]. Working memory was measured using the Size Judgement Span 

task, in which participants are read lists of differing amounts of randomly ordered, size-

constant items and asked to reorder the items from smallest to largest [28, 29]. Delayed 

recall was assessed using the New York University Paragraph Recall test, which asks 

participants to repeat back as much of a story as possible after an approximate twenty 

minute delay [30]. Assessment of executive function was performed through the Trail 

Making Test, a test that requires respondents to connect dots on a page scattered with 

numbers (Trails A) or both numbers and letters (Trails B) in the appropriate sequence [31]. 

A latent trait for fluid ability was derived from these tests [32]. Crystallized (verbal) ability 

refers to stored information in long-term memory, or general background knowledge, and 

was measured using the animal naming task, in which participants are asked to name as 

many animals of any kind in one minute [33]. Global cognitive ability was assessed using 

the Mini Mental State Exam, which is a commonly used exam in medical settings [34]. The 
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MMSE includes items that assess attention, recall, calculation, orientation, and ability to 

follow verbal and written commands, and includes aspects of both fluid and crystallized 

abilities. Scores range from 0–30 and were classified as low (≤24) or adequate (>24) [34].

2.4. Covariates

Measures of age, race/ethnicity, income, and the number of self-reported chronic conditions 

were recorded. COPD severity was assessed with the COPD Severity Index, a validated self-

report instrument based on respiratory symptoms, systemic corticosteroid use, other COPD 

medications, home oxygen use, hospitalizations and intubation history. Possible scores range 

from 0–25, with higher values indicating greater disease severity [35].

2.5. Statistical Analysis

Descriptive statistics were calculated for all participant characteristics. T-tests and chi-square 

statistics were used to examine differences in self-management behaviors by health literacy 

level and global cognitive ability. A factor score for fluid ability was created to reduce 

several correlated cognitive skills to one measure and to avoid multicollinearity in 

subsequent regression models. The summary score was created by forcing a single factor 

using maximum likelihood estimation. Repeated measure analyses to explore the association 

between health literacy and different cognitive domains with COPD self-management 

behaviors was conducted using generalized estimating equation (GEE) models on 

observations at baseline, 12 months, and 24 months. Each model was then adjusted for age, 

gender, race/ethnicity, income, number of comorbidities, and COPD severity. We tested for 

the presence of interaction due to time on the relationship between cognition and health 

literacy within each model. We did not observe a significant interaction term and therefore 

did not include an adjustment for time in our final analyses. Medication adherence analyses 

were limited to individuals prescribed a COPD medication (n=337), inhaler technique was 

limited to individuals prescribed a metered dose inhaler (n=338) or a dry powder inhaler 

(n=198).

3. Results

We identified 1098 patients, successfully contacted 927 by telephone, and screened 618, of 

whom 482 were eligible. Of these, 393, 333, and 299 completed the baseline, 12-month, and 

24-month interviews, respectively. Among those who did not complete their 24-month 

interview, 31 were deceased, 15 declined participation, and 48 were unable to be contacted. 

Participants who did not complete the 24-month interview were more likely to be older, 

identify as Hispanic, speak Spanish, have lower educational attainment, inadequate health 

literacy, and more severe COPD, and chronic conditions at baseline (p’s<0.05). The average 

age of participants was 68 years, the majority were non-white (43.8% African American, 

16.5% Hispanic), had a high school education or less (47.7%), and low-income (48.2% <

$1350/month) (Table 1). Participants had an average of four comorbidities (M=3.6, SD=1.8), 

and the average (SD) COPD severity score was 7.31 (±5.7). Nearly a third (28.5%) of the 

sample was classified as having limited health literacy. A total of 37.7% were classified as 

having cognitive impairment according to their MMSE score.
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At baseline, 38.9% of participants were adherent with their COPD medication, 66.9% 

demonstrated correct metered dose inhaler technique, and 52.5% demonstrated correct 

technique for using their dry powder inhaler (Table 2). The majority (78.9%) reported 

receiving the influenza vaccination in the past 12 months, and 81.9% reported receiving the 

pneumococcal vaccination. Most respondents, 80.6%, identified a regular healthcare 

provider who managed their COPD care, and 59.2% had a routine visit for COPD in the past 

12 months.

In bivariable analyses, compared with individuals with adequate health literacy, participants 

with limited health literacy were less likely to be adherent to their COPD medicines (23.3% 

vs. 46.0%, p<0.001), demonstrate correct MDI (57.8% vs. 71.9%, p=0.02) or DPI (40.0% 

vs. 56.7%, p=0.04) technique, or have one healthcare provider regularly manage their COPD 

(71.8% vs. 84.2%, p=0.02; Table 2). We did not observe significant differences between 

patients with adequate and limited health literacy for rates of influenza (75.0% vs. 80.0%, 

p=0.41) and pneumococcal (81.9% vs. 79.0%, p=0.62) vaccination, or routine visits with 

healthcare providers (53.9% vs. 62.5%, p=0.22). Similar results were found by global 

cognitive ability score (Table 2).

In unadjusted repeated measures analyses, health literacy and global cognitive ability were 

associated with medication adherence, and correct MDI and DPI technique (Table 3). Global 

cognitive ability was also associated with influenza vaccination. Fluid abilities were 

associated with all self-management behaviors, except vaccination uptake, while crystallized 

abilities were solely associated with correct MDI technique and influenza vaccination in the 

past 12 months.

In adjusted analyses (Table 3), adequate health literacy was independently associated with 

adequate adherence to COPD medications (OR 1.46; 95% CI, 1.02–2.08), and correct MDI 

(OR 1.66; 95% CI, 1.13–2.44) and DPI (OR 2.17; 95% CI, 1.30–3.64) technique. Similarly, 

fluid ability was an independent predictor of medication adherence (OR 1.74; 95% CI, 1.37–

2.21), correct MDI (OR 1.59; 95% CI 1.27–1.98) and DPI (OR 1.47; 95% CI, 1.08–2.00) 

technique, and visiting a COPD healthcare provider in the past 12 months (OR 1.42; 95% CI 

1.01, 1.99). Conversely, crystallized ability was not associated with adequate medication 

adherence (OR 0.93; 95% CI, 0.67–1.27), MDI technique (OR 1.30; 95% CI, 0.93–1.81), or 

DPI (OR 0.92; 95% CI, 0.58–1.47) technique. Global cognitive ability was predictive of 

correct MDI and DPI technique. Health literacy, fluid cognitive abilities or crystallized 

abilities, or global cognitive ability were not associated with having a regular healthcare 

provider, receipt of the influenza or pneumococcal vaccination.

Further investigation of subdomains of fluid cognitive abilities (Table 3) found greater 

immediate and delayed recall and processing speed were predictive of adequate medication 

adherence and correct inhaler technique.

4. Discussion

In this multi-site cohort study of patients with COPD, we found a large proportion of 

participants were not adherent with their COPD medication regimen, and nearly half 
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demonstrated poor inhaler technique. We also found that worse health literacy and fluid 

cognitive abilities were consistently associated with medication non-adherence and incorrect 

inhaler technique. These findings add to an existing body of research documenting 

associations between limited health literacy and poor health outcomes among COPD 

patients [15], but had not examined associations between health literacy and intermediary 

outcomes, such as self-management behaviors that could serve as points of intervention. Our 

findings suggest that low adherence and inhaler technique may be important contributors 

along the causal pathways between limited health literacy and poor COPD outcomes and 

offers points of intervention for COPD self-management programs. Our findings also add to 

a growing body of literature that posits the construct of health literacy represents a broader 

cognitive skill set [11, 36]. Numerous definitions and conceptual models of health literacy 

exist, Sorensen and colleagues identified 17 definitions and 12 conceptual models [37], and 

these finding suggest that cognitive abilities may be critical components.

We found that verbal ability, or more generalized knowledge, was not associated with COPD 

self-management behaviors, while fluid cognitive abilities, or an individual’s ability to 

actively learn and process new information were predictive of core COPD self-management 

behaviors including medication adherence and inhaler technique. These findings are notable, 

especially among a sample of older adults as fluid abilities decline over the lifecourse, while 

crystallized verbal abilities remain stable [38]. We could expect that as patients with COPD 

continue to age, they will experience greater difficulty with fluid cognitive abilities. 

Furthermore, immediate and delayed recall and processing speed were consistently 

predictive of these self-management behaviors. These findings suggest that patients may 

initially comprehend new information while within a healthcare encounter but they may 

have difficulty later recalling this information when they return home and must execute these 

behaviors. Additionally, patients may experience difficulty processing medical information 

presented to them in a rapid verbal interaction, which is commonplace during healthcare 

encounters.

Our findings support the need to incorporate health literacy and cognitive science best-

practices in managing patients with COPD. Self-management education materials for this 

population should be designed with features that support understanding of printed materials 

(e.g., low reading grade level, single concept per line, concrete instructions) [39–41]. A 

multi-step behavior should be ‘chunked’ into small steps in order to promote understanding. 

For example, inhaler technique could be chunked into three sections: (1) get your inhaler 

READY: shake the inhaler, remove the cap, and put the open end in the spacer; (2) SET your 

mouth to use your inhaler: breathe out slowly and put your lips around the mouthpiece; and 

(3) GO: push down on the inhaler and breathe in slowly [11, 42]. Teach-to-goal is an 

additional strategy which promotes understanding of new material or skills by asking 

patients to repeat in their own words the new information and if necessary re-teach the 

information [43]. A brief teach-to-goal intervention on MDI and DPI technique was found to 

be a successful strategy to improve inhaler technique [44]; however a follow-up study found 

that while the teach-to-goal intervention was able to reduce rates of misuse, the rates of 

misuse did increase between 30 and 90 day follow-up [45], suggesting additional forms of 

intervention are likely needed. The incorporation of tangible print memory prompts may 

facilitate recall during spoken counseling sessions [41]. As time for patient education and 
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counseling is generally limited to routine clinical encounters, these efforts need to be 

tailored to maximize both time-efficiency and efficacy. Our study team is currently 

evaluating the effectiveness of a patient-tailored intervention for adults with asthma using 

low literacy best practices and educational materials [46]; if successful, those interventions 

could also be applied to patients with COPD. Lastly, a recent systematic review of self-

management interventions for individuals with low health literacy found that the most 

effective interventions focused on three or four self-management skills (problem-solving, 

taking action, decision-making, partnership, resource utilization), while interventions that 

incorporated five aspects of less than three were not as effective. These findings support the 

need for multi-faceted approaches for individuals with low health literacy, but also suggest 

that addressing too many items may be overwhelming without sufficient time to develop 

these new skills [47].

We found that more than 60% of participants in our study were non-adherent to their COPD 

regimen. The non-adherence rate in our cohort exceeded rates reported in other studies based 

on similar self-report measures [48, 49] but is below more recent studies that calculated 

medication adherence based on pharmacy refill data [6, 7]. As studies have begun to 

compare adherence rates across conditions, there is growing evidence that adherence to 

inhaled COPD or asthma medications is lower than that of pill-form medications [6, 7, 50]. 

This discrepancy may be due to greater complexity of inhaler use, which requires multiple 

steps and coordinated actions, compared to the simpler task of taking tablets or capsules 

[51]. Furthermore, due to the variety of inhalation devices, COPD patients must familiarize 

themselves with the different steps and actions required for each inhaler prescribed for them. 

Due to the complexity of these devices, older patients with cognitive impairments may 

receive greater therapeutic benefit from nebulizers for drug delivery [52]. An additional 

cause of the discrepancy between inhaler and pill adherence may be the relatively greater 

monthly costs of inhalers, for which no generic options exist [53, 54]. Among our sample of 

older adults, Medicare was a primary source of insurance; in 2015 the average annual out-of-

pocket costs of one inhaler was $900. Many patients with COPD have two or three inhalers, 

raising annual costs to approximately $1600 and $2800 annually [55]. These are substantial 

costs for the sample of COPD patients in our study, about half of whom reported household 

incomes near or below the federal poverty level.

We did not find significant associations between health literacy or cognitive abilities with 

other self-management behaviors such as receipt of vaccines or routine visits with a 

healthcare provider. The lack of association may be due to the fact that these outcomes 

reflect behaviors that are less frequent, less cognitively complex and more likely to be 

influenced by quality improvement initiatives within health systems. Sampling bias may also 

have contributed to this observation since we recruited patients through clinical practices and 

were therefore already engaged in regular clinical care.

Our findings should be considered in the context of some methodological limitations. First, 

most of the outcomes we studied (medication adherence, vaccination and health services) 

were measured by self-report, which is subject to recall bias—a serious concern for a study 

focusing on cognitive ability. However, we took special precautions to limit recall bias by 

conducting frequent interviews to shorten the lookback period and using an adherence 
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measure that refers to recent use of medications. Additionally, the medication adherence 

assessment that we used was designed to minimize social desirability bias, and given that 

60% of our participants reported poor medication adherence, we do not suspect that the 

measure led to significant over-reporting of adherence. Second, our sample was recruited 

from urban medical practices so our findings may not be generalizable to patients living in 

non-urban areas. Third, a team of research coordinators completed the interviews with 

participants over the 24-month period, and one interviewer observed inhaler technique, and 

therefore observer bias may have been present. To mitigate this possibility, research 

coordinators were required to pass a certification test before beginning interviews with 

participants, and study staff held regular meetings to ensure accurate scoring of all 

assessments. Lastly, we did not report on use of supplemental oxygen and smoking 

cessation, two important components of COPD self-management.

5. Conclusion

In conclusion, COPD patients with limited health literacy and deficits in fluid cognitive 

abilities have lower rates of adherence and poorer inhaler technique than individuals with 

adequate health literacy and greater fluid cognitive abilities. These findings highlight the 

importance of considering the health literacy level and cognitive ability when caring for and 

educating patients with COPD.
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Highlights

• Limited health literacy was associated with poor adherence to COPD 

medications and poor inhaler technique.

• Fluid cognitive abilities, or an individual’s ability to actively learn and 

process new information, were associated with medication adherence and 

inhaler technique.

• Health literacy and cognitive abilities were not associated with other self-

management behaviors such as receipt of vaccines or routine visits with a 

healthcare provider.
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Table 1.

Demographic Characteristics of Study Participants at Baseline

Variable All Participants (N=388)

Age, Mean (SD) 68.0 (8.3)

Female, % 58.3

Race, %

 White, non-Hispanic 37.1

 African-American, non-Hispanic 43.8

 Hispanic 16.5

 Other 2.6

Education, %

 Some High School or less 25.8

 High School Graduate 21.9

 Some College 24.2

 ≥ College Graduate 28.1

Household Income, %

 <$1350 per month 48.2

Limited Health Literacy, % 28.5

Low MMSE Score, % 37.7

No. Chronic Conditions, Mean (SD) 3.7 (1.8)

COPD Severity Score (0–26), Mean (SD) 7.3 (5.7)
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