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Abstract

The aging population routinely has comorbid conditions requiring complicated medication 

regimens, yet non-adherence can preclude optimal outcomes. This study explored the association 

of adherence in the elderly with demographic, socio-economic and disease burden measures. Data 

were from the fifth visit (2011–2013) for 6,538 participants in the Atherosclerosis Risk in 

Communities Study, conducted in four communities. The Morisky Green Levine Scale measured 

self-reported adherence. Forty percent of respondents indicated some non-adherence, primarily 

due to poor memory. Logit regression showed, surprisingly, that persons with low reading ability 

were more likely to report being adherent. Better self-reported physical or mental health both 

predicted better adherence, but the magnitude of the association was greater for mental than for 

physical health. Compared to persons with normal or severely impaired cognition, mild cognitive 

impairment was associated with lower adherence. Attention to mental health measures in clinical 

settings could provide opportunities for improving medication adherence.
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INTRODUCTION

As disease burden continues to rise in the aging population, more complicated medication 

regimens are routinely required to treat or delay disease progression (An & Nichol, 2013). 

An estimated one-half of patients with chronic diseases maintain adequate medication 

adherence, and medication non-adherence accounts for 30–70% of all adverse medication-

related hospitalizations in the U.S. (Burkhart & Sabate, 2003; Toh, Jackson, Gascard, 

Manning, & Tuck, 2010). Hospitalizations due to poor medication adherence cost over $100 

billion (Osterberg & Blaschke, 2005), and non-adherence also hinders quality of life and 

overall public health. The incidence and consequences of non-adherence may be especially 
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profound in the elderly due to increased frailty (Chan, Nicklason, & Vial, 2001; Col, Fanale, 

& Kronholm, 1990). An estimated 75% of older adults have two or more chronic conditions 

(Anderson, 2010; Paez, Zhao, & Hwang, 2009). Given the high prevalence of chronic 

diseases and the potential importance of enabling physicians to identify patients at high risk 

of non-adherence, our study aimed to identify factors associated with medication adherence 

in the elderly population.

CONCEPTUAL FRAMEWORK

Studies of factors associated with non-adherence in the elderly have been limited in sample 

size and often have conflicting results, especially in the areas of disease burden, social 

status, and health literacy (Balkrishnan, 1998; MacLaughlin et al., 2005; Osterberg & 

Blaschke, 2005). Most studies evaluate a single disease in isolation and rarely account for 

concomitant diseases (Bramley, Gerbino, Nightengale, & Frech-Tamas, 2006; Gislason et 

al., 2007; Granger et al., 2005; Jackevicius, Li, & Tu, 2008; Vrijens, Vincze, Kristanto, 

Urquhart, & Burnier, 2008; Wu, Moser, Chung, & Lennie, 2008). For example, one study 

assessed medication adherence for six chronic diseases among veterans but analyzed each 

disease individually without controlling for comorbidities or assessing the implication of 

disease burden (Neugaard, Priest, Burch, Cantrell, & Foulis, 2011).

Physical and mental health could both affect medication adherence, albeit through 

potentially different mechanisms. Mental illness can impair functioning such that individuals 

are less attentive to or interested in adhering to medication regimens. While worse physical 

health by itself may positively or negatively influence adherence, persons with more medical 

conditions commonly have more complicated medication regimens and an accompanying 

lower likelihood of being strictly adherent primarily due to high pill burden. Prior studies 

show that major predictors of poor adherence include patient mental health (especially 

depression and cognitive impairment), understanding of their disease (including having 

asymptomatic disease or a belief in value of treatment), and barriers (e.g., side effects, 

medication cost, lack of insurance coverage) (Osterberg & Blaschke, 2005). These 

researchers also identified other problems that might be less amenable to assessment in an 

office visit (e.g., missed appointments, poor provider-patient relationships) and noted that 

gender, race and socio-economic status have not been consistently associated with non-

adherence. We therefore hypothesized that medication adherence might be determined by 

demographics and socio-economic status as well as disease burden, including measures of 

mental as well as physical health.

New Contribution

This analysis aims to expand to our knowledge about non-adherence in several ways. First, 

we use a large community-based sample of elderly individuals with a range of medical 

conditions rather than the small or disease-specific samples used in many prior studies. 

Second, we use a validated self-reported scale of overall adherence as well as personal 

reports of the reasons for non-adherence. Third, while we use indicators of general health as 

well as specific diseases, we also explore how the relationship between cognition and 

adherence may vary for elderly persons who are experiencing onset of mild cognitive 
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impairment. Specifically, we hypothesize that adherence may be most compromised for 

people experiencing mild cognitive impairment. In contrast, people without cognitive 

impairment may have relatively good adherence, while persons with severe cognitive 

impairment may have caregivers who ensure that medications are taken. Since physicians 

may often be in a position to identify initial cognitive decline in their patients, an 

understanding of the relationship of adherence with the full range of cognition is important.

METHODS

Study Design, Setting and Sample

The ARIC Study was initiated in 1986 as a prospective epidemiological study comprised of 

15,972 participants from four U.S. communities: Forsyth County, North Carolina, Jackson, 

Mississippi, suburban Minneapolis, Minnesota, and Washington County, Maryland (The 

ARIC Investigators, 1989). Standardized examinations and interviewer-administered 

questionnaires were conducted over five visits. The fifth visit, conducted in 2011–2013, 

collected various measures of socio-economic status and disease burden. In addition, study 

participants responded to questions concerning medication insurance coverage, number of 

medications, self-reported medication adherence, and self-reported reasons for non-

adherence.

The fifth study visit was conducted with 6,538 of the 10,036 surviving cohort members 

(65% response rate). Visit participants, 66 to 90 years of age, were younger and healthier 

than cohort members who did not attend the visit (The ARIC Investigators, 2014). After 

excluding 259 visit participants for other reasons (223 non-response to the medication 

survey, 18 taking no medications, and 18 with race other than white or black), the sample 

available for cross-sectional analysis consisted of 6,279 visit participants (96%) who 

reported taking one or more medication and responded to the medication adherence 

questions. No cohort members in the final analysis sample were residing in a nursing home 

or assisted living facility.

Measures: Medication Adherence

Medication adherence was assessed using the Morisky Green Levine Scale (MGLS), a four-

item self-reported questionnaire (Morisky, Green, & Levine, 1986). Adherence was 

measured using the number of “yes” responses to the four questions (Figure 1): high (0 yes 

responses), intermediate (1–2), or low (3–4). The MGLS is a validated scale that has been 

commonly used to measure self-reported medication adherence. In a separate analysis, 

ARIC cohort participants enrolled in Part D who reported some non-adherence based on the 

MGLS were less likely to have a current corresponding Medicare claim (Savitz et al., 2016), 

further supporting the validity of the MGLS. Visit 5 cohort participants who reported less 

than 100% adherence in the past four weeks were asked to select from a list of 11 potential 

reasons for non-adherence (Crisp, Burkhart, Esserman, Weinberger, & Roth, 2011).

Measures: Demographics and Socio-economic Status (SES)—Demographic 

measures included age and gender. SES included race, site, education, marital status, 

medication insurance, self-reported social status, and reading ability. The MacArthur Scale 
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of Subjective Social Status (Adler & Stewart, 2007) presents a picture of a “social ladder” 

(10 rungs) and asks individuals to place an “X” on the rung on which they feel they stand. 

Reading ability was assessed by the reading component of the Wide Range Achievement 

Test-3 (WRAT-3). Low reading ability was defined as a score of <32 (DeWalt, Berkman, 

Sheridan, Lohr, & Pignone, 2004).

Measures: Disease Burden

Disease burden measures included: the Short Form-12 (SF-12) Health Survey (Ware, 

Kosinski, & Keller, 1996) which assesses both physical and mental health (0–100, 0 = worst 

health, 100 = perfect health); number of medications; satisfaction with care (based on a 5 

item Likert Scale); and select chronic conditions based on physical examination, laboratory 

measurements or hospital stay records/claims. Many of the SF-12 questions on mental health 

pertain to symptoms of depression or anxiety. Chronic conditions assessed were 

hypertension, hyperlipidemia, diabetes, atrial fibrillation, lung disease (asthma, bronchitis, 

and chronic obstructive pulmonary disease), aortic abdominal aneurysm, peripheral arterial 

disease, and chronic kidney disease. In addition, hospitalizations since 2005 for three 

conditions were validated by ARIC: heart failure, stroke and acute myocardial infarction, 

with hospitalization assumed to indicate at least a moderate level of disease.

Measures: Cognitive Status

Cognition measures included the Mini-Mental State Exam (MMSE) and presence of a proxy 

respondent. The US Preventive Services Task Force indicates that a large body of literature 

supports an upper MMSE threshold of 23–25 (Moyer, 2014). Prior research shows that the 

MMSE decreases with age and increases with education (Crum, Anthony, Bassett, & 

Folstein, 1993), though we control for these measures in our model. Based on a systemic 

review of diagnosing mild cognitive impairment (Stephan et al., 2013), we chose the 

following MMSE cutpoints: moderate to severe cognitive impairment (less than 21), mild 

cognitive impairment (21–24), and normal cognition (25–30).

Statistical Analysis

We use logistic regression analysis to assess predictors of medication adherence defined as a 

dichotomous indicator of high (versus intermediate or low adherence combined). The 

regression controlled for the demographic, socio-economic and disease burden factors 

described above. We conducted complete case regression analysis using 4,899 participant 

observations (78%). We applied inverse probability of response weighting (IPRW) to 

account for any observed differences between the population sample and those excluded due 

to missing data (Seaman & White, 2013). Specifically, we constructed weights for IPRW in 

two ways: (1) for the regression analysis sample versus the surviving ARIC cohort 

(regardless of participation in the fifth visit); and (2) for the regression analysis sample 

versus the full sample. The logistic regressions to construct the weights used dependent 

variables of sample response and controlled for all of the variables used in the regression to 

assess medication adherence. The results were extremely similar, so we present results using 

the latter set of weights.
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RESULTS

Cohort Characteristics

Table 1 describes baseline characteristics for both the full sample of 6,279 persons 

responding to the adherence questions and the 4,899 participants with complete data on all 

measures. The average age of the analysis sample was 75.4±5.1 years (ranging from 66 to 90 

years old), and the majority were female, white and married. Roughly 12% of the analysis 

sample had less than 12 years of education, and 11% reported not having medication 

insurance coverage. Only 6.1% had poor health literacy (WRAT-reading score < 32 points).

Based on the SF-12, study participants had slightly worse physical health but slightly better 

mental health than a comparable national sample (based on scores rescaled using national 

data). The mean number of self-reported medications including over-the-counter 

medications was 9.3. Most participants reported being very satisfied with their medical care. 

The most common chronic conditions were hypertension, followed by diabetes, chronic 

kidney disease, and hyperlipidemia. Only small percentages of participants were 

hospitalized since 2005 for the three conditions adjudicated by ARIC. While 89.1% of 

participants exhibited MMSE scores with normal cognition, 8.8% had intermediate 

cognition and 2.1% had severe cognitive impairment. Only 1.5% of participants had a proxy 

respondent. Differences in the measures between the full sample and regression analysis 

sample were accounted for in the analysis by using IPRW.

Medication Non-Adherence and Self-Reported Reasons for Non-Adherence

Based on the four MGLS questions (Figure 1), one-third of participants reported forgetting 

to take a medication and 10% admitted to being careless at times about medication taking. 

Overall, only 60% of the 6,279 study participants reported high/optimal medication 

adherence by responding “no” to all four MGLS questions. Approximately 37% reported 

intermediate adherence, and only 2.5% reported poor adherence. When questioned about 

reasons for non-adherence, 73% of the 2,119 subjects reporting less than 100% adherence 

indicated their non-adherence was due to poor memory. The second most common reason 

for non-adherence was running out of medication (7%); other specific reasons (feeling 

better, side effects, not believing drugs would help, could not afford, lack of transportation 

or directions too confusing/complicated) were each identified less than 3% of the time. 

Despite being queried with a fairly extensive list of commonly reported reasons, almost 20% 

of subjects selected “other” as an explanation for non-adherence.

Factors Associated with Medication Adherence

Table 2 provides regression estimates of the associations (odds ratios) of all predictors with 

self-reported high/optimal adherence. Controlling for other covariates, adherence was 

significantly higher with increasing age, better physical or mental health status, greater 

satisfaction with care and lower health literacy. Hypertension and prior hospitalization for 

stroke were also associated with greater adherence, but persons with diabetes were less 

likely to be adherent. As hypothesized, adherence was significantly lower for persons 

reporting mild cognitive impairment compared to persons with normal cognition on the 

MMSE; persons reporting moderately or severely impaired cognition were more likely to be 
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adherent compared to persons with normal cognition, though the association was not 

significant at p<0.05.

Odds ratios for continuous linear measures rather than dichotomous measures are difficult to 

interpret. Therefore, Figure 2 provides predicted rates of adherence for the range of SF-12 

physical and mental health component scores calculated for the visit participants. In our 

sample, SF-12 physical health scores ranged from 7 to 67, while mental health scores ranged 

from 8 to 74. Predicted adherence varies more for mental health (ranging from 20% for the 

lowest mental health score to almost 80% for the highest mental health score). In contrast, 

adherence only ranges from about 42% to 65% for reported variation in physical health.

We found weak evidence that adherence might be associated with race as blacks in Jackson 

has lower adherence (p<0.10) than white in Minnesota; while site and race effects cannot be 

separated easily in the ARIC study, blacks in Forsyth County has a similar effect (odds 

ratio). Furthermore, higher self-assessed subjective social status was weakly associated with 

better adherence (p<0.10). Adherence was not significantly related to other factors including 

sex, education, marital status, medication coverage, number of medications, several chronic 

disease indicators and use of a proxy respondent.

DISCUSSION

Our study assessed predictors of medication adherence in a contemporary older community 

cohort. We found that medication non-adherence is prevalent (40%) and multi-factorial. 

Memory was reported as the most common cause for non-adherence, with 73% of 

participants citing this reason. Previous literature has also cited forgetfulness as a common 

barrier to adherence, with reported forgetfulness varying from 22% to 73% across studies 

(Vervloet et al., 2012). Assessment of executive function and working memory has been 

suggested to identify older adults at risk for medication non-adherence (Insel, Morrow, 

Brewer, & Figueredo, 2006b). The prominence of forgetfulness in our study sample likely 

reflects the age of the sample in combination with confounding factors such as declining 

cognition. Despite a comprehensive list of potential causes of non-adherence, almost 20% of 

subjects reported “other” as the reason for non-adherence. Responses of “other reasons” may 

reflect factors related to cognition, including a possible reluctance of people to acknowledge 

memory problems in a survey setting; alternatively, people who are non-adherent due to 

depression might have been less likely to pick any of the specific reasons for non-adherence.

Although some prior studies found conflicting relationships between poor cognition and 

adherence (Gray, Mahoney, & Blough, 2001; Insel, Morrow, Brewer, & Figueredo, 2006a; 

Ownby, Hertzog, Crocco, & Duara, 2006; Stoehr et al., 2008), our study emphasizes the 

potential importance of identifying early declines in cognition for optimal medication 

adherence, especially given the challenges in assessing barriers to medication adherence in 

the cognitively impaired population (Campbell et al., 2012). The ARIC study administered 

the MMSE to a broad sample of individuals from four communities. We found that 

intermediate cognitive impairment (MMSE scores from 21 to 24) was strongly associated 

with adherence relative to non-adherence in persons with normal cognition (OR 0.71; 95% 

CI: 0.57 to 0.89). Although adherence for persons with severe cognitive impairment (MMSE 
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< 21) did not differ from persons with normal cognition, the magnitude of the effect was 

large (OR 1.30; 95% CI: 0.80 to 2.11) and adherence was significantly better than for 

persons with mild cognitive impairment. Persons with severe cognitive impairment may 

have good adherence due to caregiver supervision of medication administration, while the 

family of someone experiencing onset of mild cognitive impairment have not yet have 

identified the need to intervene in supervising medication behaviors. Thus, medication 

adherence likely should be more closely scrutinized in patients with mild cognitive 

impairment and methods to identify such patients should be considered for interventions to 

improve adherence.

Our study addressed adherence in the context of multiple chronic conditions. Studies have 

shown variability in the relationship between comorbidity and adherence especially in the 

area of psychological disease (Balkrishnan, 1998; Balkrishnan, Bhosle, Camacho, & 

Anderson, 2006; Grenard et al., 2011; MacLaughlin et al., 2005). The role of mood 

disorders such as depression in adherence is extremely complex and dependent on the 

individual psychological disorder as well as many other factors (Pompili et al., 2013). Our 

study found that better self-reported physical health and mental health are both associated 

with greater adherence. Another marker of disease burden, number of medications, was 

hypothesized to be associated with non-adherence; however, this association was not 

supported by this analysis. Most commonly, a negative relationship between adherence and 

medication number previously has been documented in elderly patients (Gazmararian et al., 

2006; Stoehr et al., 2008), though prior analyses often did not control for as many factors as 

this analysis.

Other measures of interest in adherence research have included satisfaction with care, which 

can include the physician visit experience. Previously, adherence rates have been positively 

associated with having more physician visits and fewer missed appointments, but negatively 

associated with having logistical barriers to obtaining medications (e.g., lack of insurance 

coverage or transportation), giving lower priority to discussing therapy with the physician, 

and less knowledge about disease. In addition, poor provider-patient relationships have been 

documented as predicting lower adherence (Grenard et al., 2011; Osterberg & Blaschke, 

2005). Our study confirmed the important positive relationship between patient satisfaction 

with care and adherence.

The relationships between adherence to various cardiovascular medications and improved 

outcomes have also been well documented (Chowdhury et al., 2013). In our study, adherence 

was only significantly associated with three of the chronic conditions explored: hypertension 

and prior hospitalization for stroke were associated with greater adherence, while diabetes 

was associated with less adherence. The strong association for stroke hospitalization may 

reflect cognitive challenges and likely caregiver involvement that accompany this disease. 

The contrasting findings observed with hypertension and diabetes, two relatively silent 

diseases, could be imbedded in issues associated with management of these conditions. The 

potential benefits of disease prevention could motivate individuals with either hypertension 

or diabetes to be more vigilant in adhering to medication regimens. In contrast, diabetics 

who develop comorbid conditions with associated symptomatology (e.g., diabetic 

neuropathy) may be discouraged from being adherent due to higher pill burden and worse 
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overall physical health. Furthermore, underlying behaviors, such as poor diet and sedentary 

lifestyle, that initially contributed to development and/or progression of diabetes may be 

challenging to overcome. Admittedly, these latter arguments could also be made for patients 

with hypertension, though some participants with hypertension likely had relatively 

uncomplicated disease. The lack of statistical significance for other diseases may be due, in 

part, to relatively low prevalence in the sample, or to multicollinearity with other measures 

such as number of medications.

Evidence from previous studies shows conflicting relationships between non-adherence and 

age as well as socio-economic status (Balkrishnan, 1998; Balkrishnan et al., 2006; 

MacLaughlin et al., 2005; Mathes, Jaschinski, & Pieper, 2014; Monane et al., 1996). Our 

study demonstrated that within a sample of individuals over age 70, adherence increased 

with age while controlling for a number of other factors. Being non-white or having low 

income has been associated with non-adherence, and higher adherence has also been 

reported in those living in areas with higher income in addition to higher education (Couto et 

al., 2014) (Balkrishnan, 1998; Couto et al., 2014; Holmes et al., 2012; Rolnick, Pawloski, 

Hedblom, Asche, & Bruzek, 2013), We found weak evidence (p<0.10) that adherence was 

lower in persons with low subjective social status and for blacks in one community, though it 

is not possible to disentangle the effects of race and geographic site in the ARIC study. 

Education and insurance coverage for medications were also not associated with adherence 

once the other measures were controlled.

While one study suggested no definite association between health literacy and medication 

adherence in older adults (Loke, Hinz, Wang, & Salter, 2012), our study found that persons 

with low reading scores were more adherent when controlling for other measures. The 

WRAT reading score in the elderly may be confounded by poor cognition, though significant 

effects were found for both measures. While some advocate that healthcare providers utilize 

a screening tool to independently assess literacy, our study suggests that the WRAT should 

be interpreted cautiously in this population.

The study had several limitations. Cross-sectional analysis does not allow for causal 

inferences. The initial cohort was population-based, but the current sample is of participants 

in the fifth ARIC visit are known to be healthier than non-participants; we used inverse 

probability weighting to adjust for selection into visit participation based on observed 

variables. Medication adherence was self-reported and not specific to individual disease 

states; the latter factor is a strength, though studies validating concordance of the Morisky 

Green Levine Scale have only assessed adherence in individual disease states (Shi et al., 

2010). Errors in self-report of adherence, both deliberate and unintentional, could bias the 

estimated associations, though a comparison of self-reported adherence using the MGLS 

supported the validity of the scale (Savitz et al., 2016). Random error in reported adherence 

would bias estimates towards zero, but we still find statistically significant associations for 

many factors including mild impairment versus normal cognition. Medications documented 

at the fifth visit included both prescribed and over-the-counter medications; this fact may be 

either a strength or weakness of this study. Including over-the-counter medications such as 

aspirin represents real world medication burden, and many recommend assessing such as 

standard of practice. Finally, additional measures that may be associated with adherence, 
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such as prescriber continuity, were not obtained, and the ARIC study design precluded 

separating race from community effects.

The high prevalence (40%) of self-reported non-adherence among the elderly is concerning, 

given the clinical and financial ramifications of non-adherence. Our analysis does not 

provide guidance for specific MMSE cutpoints for use in clinical practice, since other 

factors such as age or education should be considered (Moyer, 2014). Screening tools such 

as the MMSE could be used by providers or researchers to identify patients with declining 

cognition who would benefit from targeted adherence interventions. Indications of 

depression may also be more indicative of proclivity for non-adherence and therefore 

potential benefit from interactions to increase adherence than other measures of physical or 

clinical disease burden.

Acknowledgments

The Atherosclerosis Risk in Communities Study is carried out as a collaborative study supported by National Heart, 
Lung, and Blood Institute contracts (HHSN268201100005C, HHSN268201100006C, HHSN268201100007C, 
HHSN268201100008C, HHSN268201100009C, HHSN268201100010C, HHSN268201100011C, and 
HHSN268201100012C). The authors thank the staff and participants of the ARIC study for their important 
contributions.

References

Adler N, Stewart J. [Last accessed 10/6/2016] The MacArthur Scale of Subjective Social Status. 2007. 
http://www.macses.ucsf.edu/Research/Psychosocial/subjective.php

An JJ, Nichol MB. Multiple Medication Adherence and its Effect on Clinical Outcomes Among 
Patients With Comorbid Type 2 Diabetes and Hypertension. Medical Care. 2013; 51(10):879–887. 
[PubMed: 23929398] 

Anderson G. Chronic Care: Making the Case for Ongoing Care. 2010. Retrieved from http://
www.rwjf.org/en/library/research/2010/01/chronic-care.html

Baker DW, Gazmararian JA, Sudano J, Patterson M. The association between age and health literacy 
among elderly persons. Journals of Gerontology Series B-Psychological Sciences and Social 
Sciences. 2000; 55(6):S368–S374.

Balkrishnan R. Predictors of medication adherence in the elderly - Commentary. Clinical Therapeutics. 
1998; 20(4):764–771. DOI: 10.1016/s0149-2918(98)80139-2 [PubMed: 9737835] 

Balkrishnan R, Bhosle MJ, Camacho FT, Anderson RT. Predictors of medication adherence and 
associated health care costs in an older population with overactive bladder syndrome: A longitudinal 
cohort study. Journal of Urology. 2006; 175(3):1067–1071. DOI: 10.1016/s0022-5347(05)00352-6 
[PubMed: 16469620] 

Bramley TJ, Gerbino PP, Nightengale BS, Frech-Tamas F. Relationship of blood pressure control to 
adherence with anti hypertensive monotherapy in 13 managed care organizations. Journal of 
Managed Care Pharmacy. 2006; 12(3):239–245. [PubMed: 16623608] 

Burkhart PV, Sabate E. Adherence to long-term therapies: Evidence for action. Journal of Nursing 
Scholarship. 2003; 35(3):207–207. [PubMed: 14562485] 

Campbell NL, Boustani MA, Skopeljia EN, Gao SJ, Unverzagt FW, Murray MD. Medication 
Adherence in Older Adults With Cognitive Impairment: A Systematic Evidence-Based Review. 
American Journal of Geriatric Pharmacotherapy. 2012; 10(3):165–177. DOI: 10.1016/j.amjopharm.
2012.04.004 [PubMed: 22657941] 

Chan M, Nicklason F, Vial JH. Adverse drug events as a cause of hospital admission in the elderly. 
Internal Medicine Journal. 2001; 31(4):199–205. DOI: 10.1046/j.1445-5994.2001.00044.x 
[PubMed: 11456032] 

Rodgers et al. Page 9

Med Care Res Rev. Author manuscript; available in PMC 2019 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.macses.ucsf.edu/Research/Psychosocial/subjective.php
http://www.rwjf.org/en/library/research/2010/01/chronic-care.html
http://www.rwjf.org/en/library/research/2010/01/chronic-care.html


Chowdhury R, Khan H, Heydon E, Shroufi A, Fahimi S, Moore C, … Franco OH. Adherence to 
cardiovascular therapy: a meta-analysis of prevalence and clinical consequences. European Heart 
Journal. 2013; 34(38):2940–2948. DOI: 10.1093/eurheartj/eht295 [PubMed: 23907142] 

Col N, Fanale JE, Kronholm P. The role of medication noncompliance and adverse drug reactions in 
hospitalizations of the elderly. Archives of Internal Medicine. 1990; 150(4):841–845. [PubMed: 
2327844] 

Cooper JK, Love DW, Raffoul PR. Intentional Prescription Non-Adherence (Non-Compliance) by the 
Elderly. Journal of the American Geriatrics Society. 1982; 30(5):329–333. [PubMed: 7077010] 

Couto JE, Panchal JM, Lal LS, Bunz TJ, Maesner JE, O’Brien T, Khan T. Geographic Variation in 
Medication Adherence in Commercial and Medicare Part D Populations. Journal of Managed Care 
Pharmacy. 2014; 20(8):834–842.

Crisp GD, Burkhart JI, Esserman DA, Weinberger M, Roth MT. Development and Testing of a Tool for 
Assessing and Resolving Medication-Related Problems in Older Adults in an Ambulatory Care 
Setting: The Individualized Medication Assessment and Planning (iMAP) Tool. American Journal 
of Geriatric Pharmacotherapy. 2011; 9(6):451–460. DOI: 10.1016/j.amjopharm.2011.10.003 
[PubMed: 22055209] 

Crum RM, Anthony JC, Bassett SS, Folstein MF. Population-based norms for the Mini-Mental State 
Examination by age and educational level. Jama. 1993; 269(18):2386–2391. [PubMed: 8479064] 

DeWalt DA, Berkman ND, Sheridan S, Lohr KN, Pignone MP. Literacy and health outcomes - A 
systematic review of the literature. Journal of General Internal Medicine. 2004; 19(12):1228–1239. 
DOI: 10.1111/j.1525-1497.2004.40153.x [PubMed: 15610334] 

Gazmararian JA, Baker DW, Williams MV, Parker RM, Scott TL, Green DC, … Koplan JP. Health 
literacy among Medicare enrollees in a managed care organization. Jama. 1999; 281(6):545–551. 
[PubMed: 10022111] 

Gazmararian JA, Kripalani S, Miller MJ, Echt KV, Ren JL, Rask K. Factors associated with medication 
refill adherence in cardiovascular-related diseases: A focus on health literacy. Journal of General 
Internal Medicine. 2006; 21(12):1215–1221. DOI: 10.1111/j.1525-1497.2006.00591.x [PubMed: 
17105519] 

Gislason GH, Rasmussen JN, Abildstrom SZ, Schramm TK, Hansen ML, Buch P, … Torp-Pedersen C. 
Persistent use of evidence-based pharmacotherapy in heart failure is associated with improved 
outcomes. Circulation. 2007; 116(7):737–744. DOI: 10.1161/circulationaha.106.669101 [PubMed: 
17646585] 

Granger BB, Swedberg K, Ekman I, Granger CB, Olofsson B, McMurray JJV. … investigators C. 
Adherence to candesartan and placebo and outcomes in chronic heart failure in the CHARM 
programme: double-blind, randomised, controlled clinical trial. Lancet. 2005; 366(9502):2005–
2011. DOI: 10.1016/s0140-6736(05)67760-4 [PubMed: 16338449] 

Gray SL, Mahoney JE, Blough DK. Medication adherence in elderly patients receiving home health 
services following hospital discharge. Annals of Pharmacotherapy. 2001; 35(5):539–545. 
[PubMed: 11346058] 

Grenard JL, Munjas BA, Adams JL, Suttorp M, Maglione M, McGlynn EA, Gellad WF. Depression 
and Medication Adherence in the Treatment of Chronic Diseases in the United States: A Meta-
Analysis. Journal of General Internal Medicine. 2011; 26(10):1175–1182. DOI: 10.1007/
s11606-011-1704-y [PubMed: 21533823] 

Holmes HM, Luo R, Hanlon JT, Elting LS, Suarez-Almazor M, Goodwin JS. Ethnic Disparities in 
Adherence to Antihypertensive Medications of Medicare Part D Beneficiaries. Journal of the 
American Geriatrics Society. 2012; 60(7):1298–1303. DOI: 10.1111/j.1532-5415.2012.04037.x 
[PubMed: 22702464] 

Insel K, Morrow D, Brewer B, Figueredo A. Executive function, working memory, and medication 
adherence among older adults. J Gerontol B Psychol Sci Soc Sci. 2006a; 61(2):P102–107. 
[PubMed: 16497953] 

Insel K, Morrow D, Brewer B, Figueredo A. Executive function, working memory, and medication 
adherence among older adults. Journals of Gerontology Series B-Psychological Sciences and 
Social Sciences. 2006b; 61(2):P102–P107.

Rodgers et al. Page 10

Med Care Res Rev. Author manuscript; available in PMC 2019 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Jackevicius CA, Li P, Tu JV. Prevalence, predictors, and outcomes of primary nonadherence after acute 
myocardial infarction. Circulation. 2008; 117(8):1028–1036. DOI: 10.1161/circulationaha.
107.706820 [PubMed: 18299512] 

Loke YK, Hinz I, Wang X, Salter C. Systematic review of consistency between adherence to 
cardiovascular or diabetes medication and health literacy in older adults. Ann Pharmacother. 2012; 
46(6):863–872. DOI: 10.1345/aph.1Q718 [PubMed: 22669802] 

MacLaughlin EJ, Raehl CL, Treadway AK, Sterling TL, Zoller DP, Bond CA. Assessing medication 
adherence in the elderly - Which tools to use in clinical practice? Drugs & Aging. 2005; 22(3):
231–255. DOI: 10.2165/00002512-200522030-00005 [PubMed: 15813656] 

Mathes T, Jaschinski T, Pieper D. Adherence influencing factors - a systematic review of systematic 
reviews. Arch Public Health. 2014; 72(1):37.doi: 10.1186/2049-3258-72-37 [PubMed: 25671110] 

McDonnell PJ, Jacobs MR. Hospital admissions resulting from preventable adverse drug reactions. 
Annals of Pharmacotherapy. 2002; 36(9):1331–1336. DOI: 10.1345/aph.1A333 [PubMed: 
12196047] 

Monane M, Boh RL, Gurwitz JH, Glynn RJ, Levin R, Avorn J. Compliance with antihypertensive 
therapy among elderly Medicaid enrollees: The roles of age, gender, and race. American Journal of 
Public Health. 1996; 86(12):1805–1808. DOI: 10.2105/ajph.86.12.1805 [PubMed: 9003143] 

Morisky DE, Green LW, Levine DM. Concurrent and Predictive Validity of a Self-Reported Measure 
of Medication Adherence. Medical Care. 1986; 24(1):67–74. DOI: 
10.1097/00005650-198601000-00007 [PubMed: 3945130] 

Moyer VA. Screening for Cognitive Impairment in Older Adults: U.S. Preventive Services Task Force 
Recommendation StatementScreening for Cognitive Impairment in Older Adults. Annals of 
Internal Medicine. 2014; 160(11):791–797. DOI: 10.7326/M14-0496 [PubMed: 24663815] 

Neugaard BI, Priest JL, Burch SP, Cantrell CR, Foulis PR. Quality of Care for Veterans with Chronic 
Diseases: Performance on Quality Indicators, Medication Use and Adherence, and Health Care 
Utilization. Population Health Management. 2011; 14(2):99–106. DOI: 10.1089/pop.2010.0020 
[PubMed: 21091367] 

Osterberg L, Blaschke T. Drug therapy - Adherence to medication. New England Journal of Medicine. 
2005; 353(5):487–497. DOI: 10.1056/NEJMra050100 [PubMed: 16079372] 

Ownby RL, Hertzog C, Crocco E, Duara R. Factors related to medication adherence in memory 
disorder clinic patients. Aging & Mental Health. 2006; 10(4):378–385. DOI: 
10.1080/13607860500410011 [PubMed: 16798630] 

Paez KA, Zhao L, Hwang W. Rising Out-Of-Pocket Spending For Chronic Conditions: A Ten-Year 
Trend. Health Affairs. 2009; 28(1):15–25. DOI: 10.1377/hlthaff.28.1.15 [PubMed: 19124848] 

Pompili M, Venturini P, Palermo M, Stefani H, Seretti ME, Lamis DA, … Girardi P. Mood disorders 
medications: predictors of nonadherence - review of the current literature. Expert Review of 
Neurotherapeutics. 2013; 13(7):809–825. DOI: 10.1586/14737175.2013.811976 [PubMed: 
23898852] 

Rolnick SJ, Pawloski PA, Hedblom BD, Asche SE, Bruzek RJ. Patient characteristics associated with 
medication adherence. Clin Med Res. 2013; 11(2):54–65. DOI: 10.3121/cmr.2013.1113 [PubMed: 
23580788] 

Savitz ST, Stearns SC, Thudium EM, Zhou L, Alburikan KA, Tran R, Rodgers JE. A Comparison of 
Self-Reported Medication Adherence to Concordance Between Part D Claims and Medication 
Possession. Working Paper. 2016

Seaman SR, White IR. Review of inverse probability weighting for dealing with missing data. 
Statistical Methods in Medical Research. 2013; 22(3):278–295. DOI: 10.1177/0962280210395740 
[PubMed: 21220355] 

Senst BL, Achusim LE, Genest RP, Cosentino LA, Ford CC, Little JA, … Bates DW. Practical 
approach to determining costs and frequency of adverse drug events in a health care network. 
American Journal of Health-System Pharmacy. 2001; 58(12):1126–1132. [PubMed: 11449856] 

Shi LZ, Liu JN, Koleva Y, Fonseca V, Kalsekar A, Pawaskar M. Concordance of Adherence 
Measurement Using Self-Reported Adherence Questionnaires and Medication Monitoring 
Devices. Pharmacoeconomics. 2010; 28(12):1097–1107. DOI: 
10.2165/11537400-000000000-00000 [PubMed: 21080735] 

Rodgers et al. Page 11

Med Care Res Rev. Author manuscript; available in PMC 2019 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Stephan BCM, Minett T, Pagett E, Siervo M, Brayne C, McKeith IG. Diagnosing Mild Cognitive 
Impairment (MCI) in clinical trials: a systematic review. BMJ Open. 2013; 3(2)doi: 10.1136/
bmjopen-2012-001909

Stoehr GP, Lu SY, Lavery L, Bilt JV, Saxton JA, Chang CCH, Ganguli M. Factors Associated with 
Adherence to Medication Regimens in Older Primary Care Patients: The Steel Valley Seniors 
Survey. American Journal of Geriatric Pharmacotherapy. 2008; 6(5):255–263. DOI: 10.1016/
j.amjopharm.2008.11.001 [PubMed: 19161928] 

The ARIC Investigators. The Atherosclerosis Risk in Communities (ARIC) Study - Design and 
Objectives. American Journal of Epidemiology. 1989; 129(4):687–702. [PubMed: 2646917] 

The ARIC Investigators. Description of ARIC Visit 5 NCS Stage 1. 2014. 

Toh C, Jackson B, Gascard D, Manning A, Tuck E. Barriers to Medication Adherence in Chronic 
Heart Failure Patients during Home Visits. Journal of Pharmacy Practice and Research. 2010; 
40(1):27–30.

Vervloet M, Linn AJ, van Weert JCM, de Bakker DH, Bouvy ML, van Dijk L. The effectiveness of 
interventions using electronic reminders to improve adherence to chronic medication: a systematic 
review of the literature. Journal of the American Medical Informatics Association. 2012; 19(5):
696–704. DOI: 10.1136/amiajnl-2011-000748 [PubMed: 22534082] 

Vrijens B, Vincze G, Kristanto P, Urquhart J, Burnier M. Adherence to prescribed antihypertensive 
drug treatments: longitudinal study of electronically compiled dosing histories. British Medical 
Journal. 2008; 336(7653):1114–1117. DOI: 10.1136/bmj.39553.670231.25 [PubMed: 18480115] 

Ware J Jr, Kosinski M, Keller SD. A 12-Item Short-Form Health Survey: construction of scales and 
preliminary tests of reliability and validity. Medical Care. 1996; 34(3):220–233. [PubMed: 
8628042] 

Wolff JL, Starfield B, Anderson G. Prevalence, expenditures, and complications of multiple chronic 
conditions in the elderly. Archives of internal medicine. 2002; 162(20):2269–2276. DOI: 10.1001/
archinte.162.20.2269 [PubMed: 12418941] 

Wu JR, Moser DK, Chung ML, Lennie TA. Objectively measured, but not self-reported, medication 
adherence independently predicts event-free survival in patients with heart failure. Journal of 
Cardiac Failure. 2008; 14(3):203–210. DOI: 10.1016/j.cardfail.2007.11.005 [PubMed: 18381183] 

Rodgers et al. Page 12

Med Care Res Rev. Author manuscript; available in PMC 2019 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
ARIC Cohort Responses to the Four Morisky Green Level Scale Questions (n=6,279 ARIC 

participants)
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Figure 2. 
Predicted Adherence Based on SF-12 Scores
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Table 1

Cohort Descriptive Statistics

Full Sample
N=6,279

Regression Sample
N=4,899

Demographic and Socio-Economic Status

 Age in Years (±SD) 75.8 (5.2) 75.4 (5.1)

 Sex, Male 40.9% 40.1%

 Education Less Than 12 Years 15.0% 12.4%

 Married 65.8% 67.8%

 ARIC site and race

  Minneapolis, MN (100% white) 29.4% 31.4%

  Forsyth County, NC (white) 20.4% 19.4%

  Forsyth County, NC (black) 1.6% 1.4%

  Jackson County, MS (100% white) 21.7% 20.1%

  Washington Country, MD (100% white) 26.9% 27.7%

 No Medication Insurance Coverage 10.8% 11.0%

 MacArthur Scale of Subjective Social Status 6.3 (1.9) 6.4 (1.8)

 Low Wide Range Achievement Test-3 Reading (<32) 7.40% 6.1%

Disease Burden

 Physical and Mental Health & Well-being SF-12

  Physical Health 45.7 (10.5) 46.7 (9.9)

  Mental Health 55.2 (7.8) 55.4 (7.5)

 Number of Reported Medications 9.4 (4.9) 9.3 (4.8)

 Very Satisfied with Care 78.3% 78.4%

 Select Diseases^

  Hypertension 75.5% 74.0%

  Diabetes 29.7% 27.6%

  Chronic Kidney Disease (GFR<60) 28.8% 26.9%

  Hyperlipidemia 21.4% 21.9%

  Lung Disease 16.8% 15.6%

  Atrial Fibrillation 7.7% 6.7%

  Peripheral Arterial Disease with Leg Pain 2.2% 2.1%

  Abdominal Aortic Aneurysm 2.1% 1.9%

  Myocardial Infarction Hospitalization 3.3% 3.2%

  Heart Failure Hospitalization 2.6% 2.2%

  Stroke Hospitalization 1.9% 1.8%

 Mini-Mental State Exam

  Normal cognition (score>24) 85.5% 89.1%

  Mild cognitive impairment (score 21–24) 10.2% 8.8%

  Moderate to severe cognitive impairment (score <21) 4.3% 2.1%

 Use of Proxy 2.9% 1.5%

Columns provide means (with standard deviations in parentheses) or percent.
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^
Select diseases defined by standard ARIC conventions.50 Hypertension was based on systolic≥140, diastolic≥90, or hypertension medication. 

Hyperlipidemia was defined LDL>129 mg/dL. Diabetes was defined as fasting serum glucose>126 md/dL or diabetes medications. Atrial 
fibrillation was defined as reported prevalent by visit 5. Lung disease includes asthma, bronchitis, and chronic obstructive pulmonary disease. 
Aortic abdominal aneurysm is measured by diagnosis during hospitalization or abdominal ultrasound with abdominal aortic diameter greater than 
30 mm. Peripheral arterial disease is measured by ankle brachial index less than 0.9 or greater than 1.3 units in conjunction with reported leg pain. 
Kidney disease is measured by glomerular filtration rate (GFR) less than 60 mL/min. Heart failure, stroke, and acute myocardial infarction were 
based on inpatient hospital record abstraction.
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Table 2

Logistic Regression Analysis of Factors Associated with Medication Adherence (n=4,899)

Odds Ratio 95% CI

Demographic and Socio-Economic Status

 Age in Years (±SD) 1.02*** (1.01 – 1.03)

 Sex, Male 0.97 (0.85 – 1.11)

 Education Less Than 12 Years 1.09 (0.89 – 1.34)

 Married 1.01 (0.879 – 1.16)

 ARIC site and race

  Minneapolis, MN (100% White) Reference

  Forsyth County, NC Whites 1.06 (0.89 – 1.26)

  Forsyth County, NC Blacks 0.84 (0.51 – 1.38)

  Jackson County, MS (100% Black) 0.83* (0.68 – 1.00)

  Washington Country, MD (100% White) 0.96 (0.82 – 1.12)

 No Medication Insurance Coverage 1.00 (0.83 – 1.21)

 MacArthur Scale of Subjective Social Status 1.03* (1.00 – 1.07)

 Low Wide Range Achievement Test-3 Reading (< 32) 1.62*** (1.20 – 2.18)

Disease Burden

 Physical and Mental Health & Well-being SF-12

  Physical Health 1.02*** (1.01 – 1.03)

  Mental Health 1.04*** (1.03 – 1.05)

 Number of Reported Medications 1.00 (0.99 – 1.02)

 Very Satisfied with Care 1.18** (1.02 – 1.36)

 Selected Diseases^

  Hypertension 1.16** (1.01 – 1.33)

  Diabetes 0.83*** (0.72 – 0.95)

  Stroke Hospitalization 1.96*** (1.18 – 3.26)

 Mini-Mental State Exam [versus normal cognition (score >24)]

  Mild cognitive impairment (score 21–24) 0.71*** (0.57 – 0.89)

  Moderate to severe cognitive impairment (score <21) 1.30 (0.80 – 2.11)

 Use of Proxy 1.08 (0.64 – 1.84)

***
p<0.01

**
p<0.05

*
p<0.10

^
Additional diseases besides hypertension, diabetes and stroke controlled for in the regression included: chronic kidney disease (GFR<60), 

hyperlipidemia, lung disease atrial fibrillation, myocardial infarction requiring hospitalization, heart failure hospitalization, peripheral arterial 
disease with leg pain, abdominal aortic aneurysm.
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