'." frontiers

in Pharmacology

ORIGINAL RESEARCH
published: 07 December 2021
doi: 10.3389/fphar.2021.764697

OPEN ACCESS

Edited by:

Brian Godman,
University of Strathclyde,
United Kingdom

Reviewed by:

Suela Kellici,

University of Medicine, Tirana, Albania
Kurt Neumann,

Independent researcher, Kerékteleki,

Hungary

James Zhang,

University of Chicago, United States

*Correspondence:
Minghui Li
mlis4@uthsc.edu

Z. Kevin Lu
lu32@email.sc.edu

TThese authors have contributed
equally to this work

Specialty section:

This article was submitted to
Drugs Outcomes Research and
Policies,

a section of the journal
Frontiers in Pharmacology

Received: 25 August 2021
Accepted: 05 November 2021
Published: 07 December 2021

Citation:

Alnjjadi AA, Yuan J, Wu J, Li M and
Lu ZK (2021) Cost-Related Medication
Nonadherence (CRN) on Healthcare
Utilization and Patient-Reported
Outcomes: Considerations in
Managing Medicare Beneficiaries

on Antidepressants.

Front. Pharmacol. 12:764697.

doi: 10.3389/fohar.2021.764697

®

Check for
updates

Cost-Related Medication
Nonadherence (CRN) on Healthcare
Utilization and Patient-Reported
Outcomes: Considerations in
Managing Medicare Beneficiaries on
Antidepressants

Abdulrahman A. Alnijadi™?!, Jing Yuan®', Jun Wu*, Minghui Li®* and Z. Kevin Lu™*

"Department of Clinical Pharmacy and Outcomes Sciences, University of South Carolina, Columbia, SC, United States,
2Department of Pharmacy Practice, College of Clinical Pharmacy, King Faisal University, Al-Ahsa, Saudi Arabia, *Department of
Clinical Pharmacy and Pharmacy Practice, School of Pharmacy, Fudan University, Shanghai, China, “Department of
Pharmaceutical and Administrative Sciences, Presbyterian College, Clinton, SC, United States, °Department of Clinical Pharmacy
and Translational Science, University of Tennessee Health Science Center, Memphis, TN, United States

Background: Many patients face a financial burden due to their medications, which may
lead to poor health outcomes. The behaviors of non-adherence due to financial difficulties,
known as cost-related medication non-adherence (CRN), include taking smaller doses of
drugs, skipping doses to make prescriptions last longer, or delaying prescriptions. To date,
the prevalence of CRN remains unknown, and there are few studies about the association
of CRN on self-reported healthcare utilization (Emergency room (ER) visits and outpatient
visits) and self-reported health outcomes (health status and disability status) among older
adults taking antidepressants.

Objectives: The objectives were to 1) examine the CRN prevalence, and 2) determine the
association of CRN on self-reported healthcare utilization and self-reported health
outcomes.

Methods: This study was a cross-sectional study of a sample of older adults from the
Medicare Current Beneficiary Survey (MCBS) who reported having used antidepressants
in 2017. Four logistic regressions were implemented to evaluate the association of CRN,
and self-reported healthcare utilization and self-reported health outcomes.

Results: The study identified 602 participants who were Medicare beneficiaries on
antidepressants. The prevalence of CRN among antidepressant users was (16.61%).
After controlling for covariates, CRN was associated with poorer self-reported outcomes
but not statistically significant: general health status [odds ratio (OR): 0.67; 95% confidence
interval (Cl): 0.39-1.16] and disability status (OR: 1.34; 95% CI: 0.83-2.14). In addition,
CRN was associated with increased outpatient visits (OR: 1.89; 95% CI: 1.19-3.02), but
not associated with ER visits (OR: 1.10; 95% Cl: 0.69-1.76).
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CRN on Health Outcomes

Conclusion: For Medicare beneficiaries on antidepressants, CRN prevalence was high
and contributed to more outpatient visits. The healthcare provider needs to define the
reasoning for CRN and provide solutions to reduce the financial burden on the affected
patient. Also, health care providers need to consider the factors that may enhance patient
health status and healthcare efficiency.

Keywords: cost-related medication nonadherence, healthcare utilization, patient reported outcomes, older adults,
medicare beneficiaries, antidepressants

1 BACKGROUND

Antidepressant drugs aim to relieve the symptoms of depression
and are also used for many conditions of mental well-being and
long-term  pain management (NHS Choices, 2021).
Antidepressants act by resolving neurotransmitter’s chemical
imbalance in the brain (Andrade and Rao, 2010). The
chemical imbalances in the brain contribute to changes in the
patient’s behavior and mood (Harvard Health, 2019). Examples
of these neurotransmitters are serotonin, dopamine and
noradrenaline, and norepinephrine (Khushboo and Sharma,
2017). There are many antidepressant drug classes available to
help with the chemical imbalance in the brain. The most
commonly prescribed classes are Selective Serotonin Reuptake
Inhibitors (SSRIs), Serotonin and Noradrenaline Reuptake

Inhibitors  (SNRIs), Tricyclic —Antidepressants (TCAs),
Monoamine Oxidase Inhibitors (MAOIs), and Atypical
Antidepressants  (Antidepressants, 2021;  Ogbru, 2021).

Approximately 20% of older adults use antidepressants in a
month, according to the National Center for Health Statistics
(NCHS) (Products Data Briefs Number, 2020).

Older adults are prone to financial burden and increased
health care expenditures linked to polypharmacy and
comorbidities (Nobili et al, 2011). Psychiatric drugs are
among the most expensive drugs (Bartels, 2003). Medications
are priced differently based on whether they are generic, brand-
name, or mail-order, and they are divided into five tiers (Behring,
2020). When a drug is placed in a higher tier, the patient will pay a
higher copayment or coinsurance (Medicare, 2021). The
difference in prices will be applicable for all medications,
including antidepressant prescriptions. Many patients face a
serious financial burden due to medications, contributing to
medication non-adherence to save money. In addition, there is
significant data on how Medicare Part D and the coverage gap
impact utilization and out-of-pocket expenditures (Park and
Martin, 2016).

Antidepressants are the third among prescription drugs and
the fourth most commonly sold drug in the United States, with up
to 10% of adults taking at least one prescription (Pratt et al., 2011;
Davey and Chanen, 2016). It is critical to determine the extent of
non-adherence with these drugs. Non-adherence happens when
patients skip 20% or higher of the antidepressant drug (ten
Doesschate et al., 2009). It is believed that comorbid
conditions, patient characteristics, patient behaviors, and
patient education can be significant factors that may influence
medication adherence (Pampallona et al, 2002; Prukkanone
et al., 2010). Non-adherence with medication may pose a

higher risk to older adults, resulting in poorer outcomes
compared to younger populations (Hughes, 2004; Banning,
2008). For antidepressant drugs, there is a clear association
between non-adherence and deterioration of patient clinical
and economic outcomes (Ho et al, 2016). In addition,
medication non-adherence may lead to health complications
that result in an economic strain on the health care system,
and it is more problematic, particularly for patients with chronic
disorders such as psychiatric illnesses like depression (Dunbar-
Jacob and Mortimer-Stephens, 2001; Weiden et al., 2004).
Non-adherence behavior caused by financial challenges is
referred to as cost-related medication non-adherence (CRN)
(Lee et al., 2018). The Medicare Part D introduced in 2006
was fairly successful in lowering CRN levels. Nevertheless,
CRN was not completely solved, and CRN was reported
among Medicare beneficiaries in subsequent years (Madden,
2008; Kennedy et al., 2011). Cost is the major cause of non-
adherence for those taking antidepressants (Piette et al., 2004).
Even though numerous policies (for example, Part D) have been
implemented to reduce CRN, the CRN of the older adults using
antidepressants remains Also, we have limited
knowledge of how CRN influences individuals with varying
socioeconomic factors. Acknowledging the contributing factors
associated with CRN among Medicare beneficiaries on
antidepressants will assist stakeholders and health care
providers in order to assess CRN rates in older adults. The
assessment will allow for better CRN management to
overcome this issue. In addition, consider the factors that may
enhance patient health status and healthcare efficiency.
Therefore, the objectives of this study were to 1) examine the
CRN prevalence, and 2) determine the association of CRN on
healthcare utilization and self-reported health outcomes.

unclear.

2 METHODS

2.1 Data Source

We used the data from the Medicare Current Beneficiaries Survey
(MCBS) in 2017. The MCBS is a longitudinal rotating panel
survey funded by the Centers for Medicare and Medicaid Services
(CMS). Medicare beneficiaries were surveyed for twelve rounds,
three data collection periods per year, and followed up to 4 years.
The MCBS data is ideal for this analysis, as it covers almost all
applications in healthcare for eligible patients in all areas of
healthcare In particular, the MCBS provides
information on health status, access to healthcare, insurance
coverage, out-of-pocket expenses, financial resources, and

services.

Frontiers in Pharmacology | www.frontiersin.org

December 2021 | Volume 12 | Article 764697


https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Alnijadi et al.

socio-economic and demographic characteristics of the entire
beneficiary of Medicare (MCBS Methodology Report, 2016).

2.2 Study Population

The survey respondents were included in the study if they were
65 years or older and used antidepressants based on Medicare
Part D claims. Participants were excluded from the study if they
were eligible for Medicare due to End-Stage Renal Disease
(ESRD) or if they were enrolled in Health Maintenance
Organization (HMO) plans.

The cost of healthcare for individuals with impairments such
as ESRD is more than twice as expensive as those with temporary
or no disabilities (Pumkam et al., 2013). Individuals with ESRD
will be sicker than included participants, which may result in a
higher financial burden and more hospital visits. Excluding these
people prevents extreme or outlier observations from influencing
the regression result. HMO members had no data from claims on
various health problems in the MCBS survey data (Raghunathan
et al., 2020). Thus, they must be excluded from the study.

2.3 Measurements

2.3.1 Dependent Variables

Self-reported health outcomes were related to the quality-of-life
metrics reported in the MCBS, including health status (Excellent,
Very good, Good, Fair and Poor) and disability status (No
disability, One disability, Two or more disabilities) (Medicare
Current Beneficiary Survey, 2017). We used binary outcomes for
health status (Great health status and Poor health status) and
disability status (No disability and one or more disability). In
MCBS, we have included four related disability indicators: any
difficulties with concentration/remembering/deciding, walking/
climbing stairs, dressing/bathing, and difficulties in doing errands
(Medicare Current Beneficiary Survey, 2017). Self-reported
healthcare utilizations were defined as ER and hospital
outpatient visits (Yes or No), as reported through the MCBS
survey.

2.3.2 Independent Variables

CRN was calculated based on Yes or No responses to any of these
four survey questions: taking smaller doses of drugs, skipping
doses to make medications last longer, delaying prescriptions
because of cost, and not getting prescriptions because they cost
too much (Pierre-Jacques et al., 2008; Zivin et al., 2009). Survey
participants’ characteristics, including gender, age, race/ethnicity,
marital status, census region, residence, income, and education.
We also calculated the Charlson comorbidity index (CCI) for the
number of comorbidities.

2.4 Statistical Analysis

We conducted four models of logistic regression, two models for
the association of CRN on self-reported healthcare utilization and
two models for the association of CRN on self-reported health
outcomes. For all four models, the covariates were the same
(demographics, socioeconomic status, and health status). The key
independent variable was the same for both objectives: CRN. The
key dependent variables were different depending on the
objectives, including whether health outcomes (health status

CRN on Health Outcomes
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FIGURE 1 | CRN prevalence by antidepressant use for racial/ethnicity
and gender.

and disability status) or patient healthcare utilization (ER visits
and outpatient visits) were used.

All the data analyses were carried out by using version 9.4 of
Statistical Analysis Systems (SAS) Software.

3 RESULTS

The study identified 602 participants who were Medicare
beneficiaries on antidepressants. For the CRN prevalence by
antidepressant use, there were 16.61% of participants reported
CRN. Females reported CRN more than males (13.14 vs. 10.62%).
For the prevalence by racial/ethnicity, 15.52% were African
American, 11.52% were White, 10.24% were Hispanic, and
18.18% other races (Figure 1).

Table 1 described the characteristics of the study sample. For
the self-reported health outcomes, 78.24% of participants
reported superior general health status, and 50.66% reported
no disability. For patient healthcare utilization, 43.19% of
participants visited outpatient and 41.53% visited ER. For the
demographic characteristic, 45.18% of the participants were age
between 75 and 84 years old; 73.42% were female; 89.04% were
White; 6.48% were African American; 2.99% were Hispanic;
41.69% were single; 40.70% of participants lived in the South;
7492% were in  metropolitan residence. Regarding
socioeconomic status, 66.95% were income higher than
$20,000 US dollars; 44.35% attended some college or possessed
a degree. For the health status characteristics, 43.52% of
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TABLE 1 | Baseline characteristic of the study sample.

Characteristics Antidepressant users (n = 602)

n %

CRN

Yes 100 16.61

No 502 83.39
General health status

Great health status 471 78.24

Poor health status 131 21.76
Disability status

No 305 50.66

one or more 297 49.34
Outpatient visit

Yes 260 43.19

No 342 56.81
ER visit

Yes 250 41.53

No 352 58.47
Age group

65-74 222 36.88

75-84 272 45.18

85+ 108 17.94
Gender

Female 442 73.42

Male 160 26.58
Race/ethnicity

Non-Hispanic White 536 89.04

Non-Hispanic Black 39 6.48

Hispanic 18 2.99

Others — —
Education

Less than high school 199 33.06

High school graduate 136 22.59

Some college degree 93 15.45

College graduate 174 28.90
Marital status

Single 251 41.69

Married 124 21.10

Widowed 224 37.21
Family income per year (US$)

<10,000 per year 54 8.97

10,001-20,000 per year 145 24.09

20,001-40,000 per year 173 28.74

>40,001 per year 230 38.21
Census region

Northeast 102 16.94

Midwest 148 24.58

South 245 40.70

West 107 17.77
Residence

Non-metropolitan 151 25.08

Metropolitan 451 74.92
CCl

0 89 14.78

1 61 10.13

2+ 201 33.39

Unknown 251 41.69
Antidepressant class

SSRIs 351 58.31

SNRIs 87 14.45

TCAs 36 5.98

MAOQIs — —

Other classes 128 21.26

CRN, cost-related medication nonadherence; CC, charison comorbidity index; ER, emergency
room; SSRIs, selective serotonin reuptake Inhibitors; SNRIs, serotonin and noradrenaline
reuptake inhibitors; TCAs, tricyclic antidepressants; MAOIs, monoamine oxidase inhibitors.

CRN on Health Outcomes

participants have reported one or more comorbidities. For the
antidepressant classes, 58.31% were SSRI users, 14.45% were
SNRI users, 5.98% were TCAs users, and 31.26% used other
antidepressants.

The factors associated with general health status, after adjusting
for possible confounders, we discovered that Medicare beneficiaries
with antidepressants who had some college degree [odds ratio
(OR): 2.48; 95% confidence interval (CI): 1.23-5.02], had a
graduate degree (OR: 3.01; 95% CI: 1.57-5.78), had an income
of $10,001-$20,000 per year (OR: 1.09; 95% CI: 0.52-2.28), had an
income of $20,001-$40,000 per year (OR: 1.90; 95% CI: 0.85-4.25),
and had income more than $40,000 per year (OR: 3.01; 95% CI:
1.22-7.42), and were in the South region (OR: 2.01; 95% CI:
1.08-3.75) were more likely to report a superior general health
status (Table 2). On the contrary, among antidepressant users who
were male (OR: 0.50; 95% CI: 0.30-0.83), were Africans Americans
(OR: 0.46; 95% CI: 0.22-0.97), had less than a high school of
education (OR: 0.86; 95% CI: 0.49-1.50), had one comorbidity
(OR: 0.34; 95% CI: 0.13-0.87), and had two or more comorbidities
(OR:0.32;95% CI: 0.14-0.72) were more likely to report an inferior
general health status. Furthermore, the factors associated with
disability status, antidepressant users who had some college
degree (OR: 0.60; 95% CI: 0.35-1.02), had a graduate degree
(OR: 0.61; 95% CI: 0.38-0.97), had an income of $10,001-
$20,000 per year (OR: 0.93; 95% CI: 0.44-1.96), had an income
of $20,001-$40,000 per year (OR: 0.50; 95% CI: 0.23-1.06), had an
income of $40,000 or more (OR: 0.40; 95% CI: 0.18-0.89) were less
likely to report a disability (Table 2). On the other hand,
antidepressant users who were 85 + years of age (OR: 1.98; 95%
CI: 1.14-3.45), and had two or more comorbidities (OR: 2.02; 95%
CI: 1.16-3.55) were more likely to report a disability.

After controlling for other covariates, CRN was statistically
associated with outpatient visits (OR: 1.89; 95% CI: 1.19-3.02)
but not statistically associated with ER visits (OR: 1.10; 95% CI:
0.69-1.76) (Table 3). The factors associated with outpatient visits,
antidepressant users with an income of $10,001-$20,000 per year
(OR: 2.28; 95% CI: 1.07-4.84), an income of $20,001-$40,000 per
year (OR: 2.62; 95% CI: 1.20-5.74), an income of more than $40,000
per year (OR: 2.66; 95% CI: 1.15-6.15), had two or more
comorbidities (OR: 2.06; 95% CI: 1.18-3.60) were more likely to
visit the outpatient department. On the other hand, antidepressant
users who were age 85+ (OR: 0.56; 95% CI: 0.32-0.99), were living in
the South region (OR: 0.54; 95% CI: 0.32-0.89), were metropolitan
residence (OR: 0.41; 95% CI: 0.27-0.63) and had one comorbidity
(OR: 0.99; 95% CI: 0.48-2.04) were less likely to visit outpatient
department. Moreover, the factors associated with ER visits,
antidepressant users were age 85+ (OR: 1.99; 95% CI: 1.16-3.42)
were more likely to visit ER. By contrast, antidepressant users who
had an income of $20,001-$40,000 per year (OR: 0.30; 95% CL
0.14-0.62), or an income of more than $40,000 per year (OR: 0.37;
95% CI: 0.17-0.80) were less likely to visit ER.

4 DISCUSSION

This study found that the prevalence of CRN was high among
antidepressant users. The prevalence of CRN in antidepressant
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TABLE 2 | The association of CRN on patients’ reported health outcomes.

General health status

CRN on Health Outcomes

Disability status

OR 95% (CI) OR 95% (Cl)

CRN

No (Ref) (Ref)

Yes 0.67 0.39 1.16 1.34 0.83 2.14
Age group

65-74 (Ref) (Ref)

75-84 1.19 0.72 1.95 1.34 0.90 2.00

85+ 1.62 0.83 3.17 1.98 1.14 3.45
Gender

Female (Ref) (Ref)

Male 0.50 0.30 0.83 1.21 0.79 1.84
Race

Non-Hispanic White (Ref) (Ref)

Non-Hispanic Black 0.46 0.22 0.97 1.65 0.77 3.54

Hispanic 1.05 0.34 3.31 1.66 0.52 5.35

Others 5.77 0.64 52.12 2.21 0.43 11.40
Education

Less than high school 0.86 0.49 1.50 1.15 0.69 1.93

High school graduate (Ref) (Ref)

Some college degree 2.48 1.23 5.02 0.60 0.35 1.02

College graduate 3.01 1.67 5.78 0.61 0.38 0.97
Marital status

Single 0.95 0.50 1.81 0.98 0.58 1.66

Married (Ref) - — (Ref)

Widowed 0.91 0.51 1.63 1.46 0.92 2.32
Income (US$)

<10,000 per year (Ref) — - (Ref)

10,001-20,000 per year 1.09 0.52 2.28 0.93 0.44 1.96

20,001-40,000 per year 1.90 0.85 4.25 0.50 0.23 1.06

>40,001 per year 3.01 1.22 7.42 0.40 0.18 0.89
Census region

Northeast (Ref) (Ref)

Midwest 1.21 0.63 2.32 0.96 0.55 1.67

South 2.01 1.08 3.75 0.76 0.46 1.27

West 1.21 0.59 2.50 0.94 0.52 1.70
Residence

Non-metropolitan (Ref) (Ref)

Metropolitan 0.81 0.49 1.33 1.07 0.71 1.63
CCl

0 (Ref) (Ref)

1 0.34 0.13 0.87 1.31 0.64 2.67

2+ 0.32 0.14 0.72 2.02 1.16 3.55

Unknown 0.61 0.27 1.33 1.38 0.79 2.39

CRN, cost-related medication nonadherence; CCl, charlson comorbidity index.

users is not well documented in the literature. Many studies
reported the prevalence of CRN among individuals with
depression, and it was relatively over 20% (Bambauer et al,
2007; Zivin et al, 2009; Gu and Shen, 2020). From the
literature, gender was not typically associated with CRN.
However, our study and other studies reported that females
were more likely to experience CRN than males (Heisler et al.,
2005; Briesacher et al., 2007; Zivin et al., 2010).

We found that CRN was not associated with general health
status and disability status for self-reported health outcomes. In
comparison to other studies, De Avila et al. reported a higher risk
of persistent CRN was linked to worse self-reported health and
depression (De Avila et al., 2021). Bambauer et al. indicated that
CRN was worsened by poor health among both older adults and
beneficiaries with disabilities (Bambauer et al, 2007).

Furthermore, for self-reported healthcare utilization, CRN was
associated with increased outpatient visits. The reason for
increased outpatient visits may be related to the deterioration
of the patient’s clinical outcome. There was a clear relationship
between non-adherence and worsening patient clinical outcomes
among individuals with antidepressant drugs (Ho et al,, 2016).
Also, our study found there was no association for ER visits and
CRN. In comparison to other studies, Blanchard et al. indicated a
statistically significant link between severe CRN and ER visits
(Blanchard et al., 2013). Individuals who reported CRN were
more likely to visit ER at least once and had a greater overall mean
number of visits than those who did not report CRN (Blanchard
et al,, 2013).

Many sociodemographic characteristics were factors and
played a major role in the association of self-reported
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TABLE 3 | The association of CRN on patients’ healthcare Utilization.

CRN on Health Outcomes

Outpatient visit ER visit
OR 95% (Cl) OR 95% (Cl)

CRN

No (Ref) (Ref)

Yes 1.89 1.19 3.02 1.10 0.69 1.76
Age Group

65-74 (Ref) (Ref)

75-84 0.92 0.62 1.36 1.36 0.91 2.03

85+ 0.58 0.33 1.02 1.99 1.16 3.42
Gender

Female (Ref) (Ref)

Male 0.71 0.47 1.07 1.49 0.99 2.24
Race

Non-Hispanic White (Ref) (Ref)

Non-Hispanic Black 1.63 0.79 3.36 1.72 0.85 3.51

Hispanic 0.85 0.26 2.73 0.51 0.18 1.48

Others 1.31 0.31 5.47 0.48 0.11 212
Education

Less than high school 1.32 0.79 2.21 0.71 0.43 117

High school graduate (Ref) (Ref)

Some college degree 1.17 0.69 1.98 0.67 0.39 1.14

College graduate 1.07 0.66 1.72 0.73 0.45 1.17
Marital Status

Single 0.86 0.51 1.45 0.87 0.51 1.46

Married (Ref) (Ref)

Widowed 0.84 0.53 1.34 0.79 0.50 1.26
Income (US$)

<10,000 per year (Ref) (Ref)

10,001-20,000 per year 2.28 1.07 4.84 0.59 0.30 1.18

20,001-40,000 per year 2.62 1.20 5.74 0.30 0.14 0.62

>40,001 per year 2.66 1.15 6.15 0.37 0.17 0.80
Census Region

Northeast (Ref) (Ref)

Midwest 0.97 0.57 1.67 0.89 0.52 1.53

South 0.54 0.32 0.89 0.68 0.41 1.12

West 0.82 0.46 1.46 0.92 0.52 1.64
Residence

Non-metropolitan (Ref) (Ref)

Metropolitan 0.41 0.27 0.63 1.04 0.69 1.58
CCl

0 (Ref) (Ref)

1 0.99 0.48 2.04 0.65 0.31 1.36

2+ 2.06 1.18 3.60 1.65 0.96 2.85

Unknown 1.95 1.13 3.37 1.20 0.70 2.06

CRN, Cost-related medication nonadherence; CCI, charlson comorbidity index; ER, emergency room.

healthcare utilization and self-reported health outcomes. Gender,
education, income, and comorbidities were all factors of self-
reported health status. Age, education, and income were all
factors of self-reported disability status. Region, residence, and
comorbidities were all factors of outpatient visits. Age, income,
and comorbidities were all factors of ER visits. Healthcare
providers need to consider these factors to enhance patient
health status and healthcare efficiency.

Healthcare providers play a major role in influencing patients’
medication adherence. Medication adherence improves patient
outcomes, and better patient outcomes are associated with close
physician-patient relationships (Johnson, 2019). According to the
patients, their healthcare provider is the most credible source of
information about their current health condition and
prescription regimen (Brundisini et al, 2015). Healthcare

providers must pay close recognition to Medicare beneficiaries
using antidepressants, in order to detect possible financial
obstacles to adherence. Also, to support individuals in seeking
other treatment options of antidepressants by identifying the
causes of CRN and providing solutions to alleviate the financial
burden on those impacted individuals. Solutions include offering
less costly generic comparable drugs, drug-discount programs,
and pharmaceutical and savings assistance programs (Bussell
et al., 2017). Furthermore, interventions like medication
therapy management (MTM) are necessary to avoid CRN in
older adults since MTM assure that patients receive the best
possible treatment. Patients with numerous chronic illnesses,
complex drug regimens, high prescription prices, and multiple
prescribers benefit the most from MTM (Community
pharmacists and medication, 2021).
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This study is the first of its kind to assess the association of
CRN on self-reported healthcare utilization (ER visits and
outpatient visits) and self-reported health outcomes (health
status and disability status) among Medicare beneficiaries on
antidepressants. In addition, this study uses the MCBS data,
which has rich information about patients compared to using
claims data only. The claims data has limited variables and is
not rich in information. The MCBS data provides rich
information on health status, access to services, insurance
benefits,  out-of-pocket  costs,  financial  resources,
socioeconomic information, and demographic information
of Medicare beneficiaries.

There are three limitations of this study. First, this research did
not distinguish between the various classes of antidepressants.
The analysis did not include a subgroup analysis of
antidepressant classes due to the small sample size of
antidepressant users. Second, the causal relationship cannot be
determined due to the nature of the cross-sectional study design.
Exposure and outcome are both determined at the same time in
cross-sectional studies (Kramer, 1988). We cannot assume that
exposure happened before the outcome since exposure is assessed
concurrently with the outcome (Kramer, 1988). Future studies
using a longitudinal research design are required to establish
cause-effect relationships. Finally, since MCBS was a self-
reported survey, some of the assessments may be vulnerable to
social desirability bias and recall bias — especially for CRN.
However, MCBS surveyed Medicare beneficiaries three times a
year to minimize recall bias (The Medicare Current Beneficiary
Survey, 2021). Also, MCBS uses proxy measures if the respondent
is unable to answer. Therefore, the use of self-reports is unlikely to
result in significant recall bias.

5 CONCLUSION

For Medicare beneficiaries on antidepressants, CRN prevalence
was high. Also, CRN contributed to more outpatient visits. The
healthcare provider needs to define the reasoning for CRN and

REFERENCES

Andrade, C.,, and Rao, N. S. (2010). How Antidepressant Drugs Act: A Primer on
Neuroplasticity as the Eventual Mediator of Antidepressant Efficacy. Indian
J. Psychiatry. 52 (4), 378-386. doi:10.4103/0019-5545.74318

Antidepressants (2021). Antidepressants: Types, Side Effects, Uses, and
Effectiveness. [Online]. [cited 2021 April 07. Available at: https://www.
medicalnewstoday.com/articles/248320.

Bambauer, K. Z,, Safran, D. G., Ross-Degnan, D., Zhang, F., Adams, A. S., Gurwitz,
J., et al. (2007). Depression and Cost-Related Medication Nonadherence in
Medicare Beneficiaries. Arch. Gen. Psychiatry. 64 (5), 602-608. doi:10.1001/
archpsyc.64.5.602

Banning, M. (2008). Older People and Adherence With Medication: A Review of the
Literature. Int. J. Nurs. Stud. 45 (10), 1550-1561. doi:10.1016/j.ijnurstu.2008.02.009

Bartels, S. J. (2003). Improving System of Care for Older Adults with Mental Illness
in the United States. Findings and Recommendations for the President’s New
Freedom Commission on Mental Health. Am. J. Geriatr. Psychiatry. 11 (5),
486-497. doi:10.1097/00019442-200309000-00003

CRN on Health Outcomes

provide solutions to reduce the financial burden on the affected
patient. Also, health care providers need to consider the factors
that may enhance patient health status and healthcare efficiency.

DATA AVAILABILITY STATEMENT

The data analyzed in this study is subject to the following licenses/
restrictions: The data will not be made readily available for the
privacy of the participants. Requests to access these datasets
should be directed to https://www.cms.gov/Research-Statistics-
Data-and-Systems/Research/MCBS.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by University of South Carolina Institutional Review
Board (USC IRB). Written informed consent for participation
was not required for this study in accordance with the national
legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

AA and ZL contributed to the conception and design of the
study. AA, JW, and ML took part in the literature review and
critical draft writing. AA and ML did data analysis. JW, JY, ML,
and ZL wrote sections of the manuscript. All authors
contributed to manuscript revision, read, and approved the
submitted version.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fphar.2021.764697/
full#supplementary-material

Behring, S. (2020). Does Medicare Cover Antidepressants? [Online][cited 2021
June 29. Available at: https://www.healthline.com/health/medicare/does-
medicare-cover-antidepressants#options.

Blanchard, J., Madden, J. M., Ross-Degnan, D., Gresenz, C. R., and Soumerai, S. B.
(2013). The Relationship Between Emergency Department Use and Cost-
Related Medication Nonadherence Among Medicare Beneficiaries. Ann.
Emerg. Med. 62 (5), 475-485. doi:10.1016/j.annemergmed.2013.04.013

Briesacher, B. A., Gurwitz, J. H., and Soumerai, S. B. (2007). Patients At-Risk for
Cost-Related Medication Nonadherence: A Review of the Literature. J. Gen.
Intern. Med. 22 (6), 864-871. doi:10.1007/s11606-007-0180-x

Brundisini, F., Vanstone, M., Hulan, D., DeJean, D., and Giacomini, M. (2015).
Type 2 Diabetes Patients’ and Providers” Differing Perspectives on Medication
Nonadherence: a Qualitative Meta-Synthesis. BMC Health Serv. Res. 15 (1), 516.
doi:10.1186/s12913-015-1174-8

Bussell, J. K., Cha, E., Grant, Y. E,, Schwartz, D. D., and Young, L. A. (2017). Ways
Health Care Providers Can Promote Better Medication Adherence. Clin.
Diabetes. 35 (3), 171-177. doi:10.2337/cd016-0029

Community pharmacists and medication (2021). Community Pharmacists and
Medication Therapy Management. [Online].; 2021 [cited 2021 September 17.

Frontiers in Pharmacology | www.frontiersin.org

December 2021 | Volume 12 | Article 764697


https://www.cms.gov/Research-Statistics-Data-and-Systems/Research/MCBS
https://www.cms.gov/Research-Statistics-Data-and-Systems/Research/MCBS
https://www.frontiersin.org/articles/10.3389/fphar.2021.764697/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2021.764697/full#supplementary-material
https://doi.org/10.4103/0019-5545.74318
https://www.medicalnewstoday.com/articles/248320
https://www.medicalnewstoday.com/articles/248320
https://doi.org/10.1001/archpsyc.64.5.602
https://doi.org/10.1001/archpsyc.64.5.602
https://doi.org/10.1016/j.ijnurstu.2008.02.009
https://doi.org/10.1097/00019442-200309000-00003
https://www.healthline.com/health/medicare/does-medicare-cover-antidepressants#options
https://www.healthline.com/health/medicare/does-medicare-cover-antidepressants#options
https://doi.org/10.1016/j.annemergmed.2013.04.013
https://doi.org/10.1007/s11606-007-0180-x
https://doi.org/10.1186/s12913-015-1174-8
https://doi.org/10.2337/cd016-0029
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Alnijadi et al.

Available  from:
pharmacist-mtm.htm.

Davey, C. G., and Chanen, A. M. (2016). The Unfulfilled Promise of the
Antidepressant Medications. Med. J. Aust. 204 (9), 348-350. doi:10.5694/
m;jal6.00194

De Avila, J. L., Meltzer, D. O., and Zhang, J. X. (2021). Prevalence and Persistence
of Cost-Related Medication Nonadherence Among Medicare Beneficiaries at
High Risk of Hospitalization. JAMA Netw. Open. 4 (3), €210498. doi:10.1001/
jamanetworkopen.2021.0498

Dunbar-Jacob, J., and Mortimer-Stephens, M. K. (2001). Treatment Adherence in
Chronic Disease. J. Clin. Epidemiol. 54 (12), S57-S60. doi:10.1016/s0895-
4356(01)00457-7

Gu, D., and Shen, C. (2020). Cost-Related Medication Nonadherence and Cost-
Reduction Strategies Among Elderly Cancer Survivors With Self-Reported
Symptoms of Depression. Popul. Health Manag. 23 (2), 132-139.
doi:10.1089/pop.2019.0035

Harvard Health (2019). What Causes Depression? [Online]. [cited 2021 June 23.
Available at: https://www.health.harvard.edu/mind-and-mood/what-causes-
depression.

Heisler, M., Wagner, T. H., and Piette, J. D. (2005). Patient Strategies to Cope With
High Prescription Medication Costs: Who Is Cutting Back on Necessities,
Increasing Debt, or Underusing Medications? J. Behav. Med. 28 (1), 43-51.
doi:10.1007/s10865-005-2562-z

Ho, S. C., Chong, H. Y., Chaiyakunapruk, N., Tangiisuran, B., and Jacob, S. A.
(2016). Clinical and Economic Impact of Non-adherence to Antidepressants in
Major Depressive Disorder: A Systematic Review. J. Affect Disord. 193, 1-10.
doi:10.1016/j.jad.2015.12.029

Hughes, C. M. (2004). Medication Non-Adherence in the Elderly. Drugs & Aging.
21, 793-811. doi:10.2165/00002512-200421120-00004

Johnson, T. (2019). The Importance of Physician-Patient Relationships
Communication and Trust in Health Care. Duke Personalized Health Care.
Available at: https://dukepersonalizedhealth.org/2019/03/the-importance-of-
physician-patient-relationships-communication-and-trust-in-health-care/.
(Accessed November 15, 2021).

Kennedy, J. J., Maciejewski, M., Liu, D., and Blodgett, E. (2011). Cost-Related
Nonadherence in the Medicare Program: the Impact of Part D. Med. Care. 49
(5), 522-526. doi:10.1097/MLR.0b013e318210443d

Khushboo, S. B., and Sharma, B. (2017). Antidepressants: Mechanism of Action,
Toxicity and Possible Amelioration. J. Appl. Biotechnol. Bioeng. 3 (5), 437.
doi:10.15406/jabb.2017.03.00082

Kramer, M. S. (1988). Cross-sectional StudiesIn: Clinical Epidemiology and
Biostatistics. Berlin, Heidelberg: Springer. doi:10.1007/978-3-642-61372-2_9

Lee, J., Dowdy, H. Y. A., and Ory, M. G. (2018). Attitudes, Beliefs, and Cost-Related
Medication Nonadherence Among Adults Aged 65 or Older With Chronic
Diseases. [Online][cited 2021 June 23. Available at: https://www.cdc.gov/pcd/
issues/2018/18_0190.htm.

Madden, J. M. (2008). Cost-Related Medication Nonadherence and Spending on
Basic Needs Following Implementation of Medicare Part D. J. Am. Med. Assoc.
299 (16). doi:10.1001/jama.299.16.1922

Mcbs Methodology Report (2016). [Online].; 2016 [cited 2021 April 08. Available
at: http://www.cms.gov/Research-Statistics-Data-and-Systems/Research/
MCBS/Codebooks-Items/2016_MCBS_Methods_Report.

Medicare Current Beneficiary Survey (2017). Quality of Life Metrics Among All
Medicare Beneficiaries. [Online].[cited 2021 April 08. Available at: https://
www.norc.org/PDFs/MCBS/2017%20Quality%200f%20Life%20Metrics%
20Among%20Al11%20Medicare%20Beneficiaries.pdf.

Medicare (2021). Does Medicare Cover Antidepressants? [Online][cited 2021 June
29. Available at: https://www.medicare.org/articles/does-medicare-cover-
antidepressants/.

Nhs Choices (2021). [Online]. [cited 2021 April 08. Available at: https://www.nhs.
uk/conditions/antidepressants/uses/.

Nobili, A., Garattini, S., and Mannucci, P. M. (2011). Multiple Diseases and
Polypharmacy in the Elderly: Challenges for the Internist of the Third
Millennium. J. Comorb. 1 (1), 28-44. doi:10.15256/joc.2011.1.4

Ogbru, A. (2021). The Comprehensive List of Antidepressant Medications & Drug
Class. [Online][cited 2021 April 07. Available at: https://www.rxlist.com/the_
comprehensive_list_of_antidepressants/drug-class.htm.

https://www.cdc.gov/dhdsp/pubs/guides/best-practices/

CRN on Health Outcomes

Pampallona, S., Bollini, P., Tibaldi, G., Kupelnick, B., and Munizza, C. (2002).
Patient Adherence in the Treatment of Depression. Br. J. Psychiatry. 180 (2),
104-109. doi:10.1192/bjp.180.2.104

Park, Y. J., and Martin, E. G. (2016). Medicare Part D’S Effects on Drug Utilization
and Out-Of-Pocket Costs: A Systematic Review. Health Serv. Res. 52 (5),
1685-1728. doi:10.1111/1475-6773.12534

Pierre-Jacques, M., Safran, D. G., Zhang, F., Ross-Degnan, D., Adams, A. S., Gurwitz,
J. et al. (2008). Reliability of New Measures of Cost-Related Medication
Nonadherence. Med. Care. 46 (4), 444-448. doi:10.1097/MLR.0b013e31815dc59a

Piette, J. D., Heisler, M., and Wagner, T. H. (2004). Cost-related Medication
Underuse Among Chronically Il Adults: the Treatments People Forgo, How
Often, and Who Is at Risk. Am. J. Public Health. 94 (10), 1782-1787.
doi:10.2105/ajph.94.10.1782

Pratt, L. A., Brody, D. J., and Gu, Q. (2011). Antidepressant Use in Persons Aged 12
and Over: United States, 2005-2008. National Center for Health Statistics.
Available at: https://www.cdc.gov/nchs/products/databriefs/db76.htm.
(Accessed November 15, 2021).

Products Data Briefs Number (2020). Products - Data Briefs - Number. 377 -
September 2020. [Online].; 2020 [cited 2021 January 26Available at: https:/
www.cdc.gov/nchs/products/databriefs/db377.htm#ref2

Prukkanone, B., Vos, T., Burgess, P., Chaiyakunapruk, N., and Bertram, M. (2010).
Adherence to Antidepressant Therapy for Major Depressive Patients in a
Psychiatric Hospital in Thailand. BMC Psychiatry. 10 (1), 64. doi:10.1186/
1471-244X-10-64

Pumkam, C., Probst, J. C., Bennett, K. J., Hardin, J., and Xirasagar, S. (2013). Health
Care Expenditures Among Working-Age Adults With Physical Disabilities:
Variations by Disability Spans. Disabil. Health J. 6 (4), 287-296. doi:10.1016/
1.dhj0.2013.03.002

Raghunathan, T., Ghosh, K., Rosen, A., Imbriano, P., Stewart, S., Bondarenko, L, et al.
(2020). Combining Information From Multiple Data Sources to Assess Population
Health. J. Surv. Stat. Methodol. 9 (3), 598-625. doi:10.1093/jssam/smz047

ten Doesschate, M. C., Bockting, C. L., Koeter, M. W., and Schene, A. H. (2009).
Predictors of Nonadherence to Continuation and Maintenance Antidepressant
Medication in Patients With Remitted Recurrent Depression. J. Clin.
Psychiatry. 70 (1), 63-69. doi:10.4088/jcp.08m04119

The Medicare Current Beneficiary Survey (2021). [Online]. [cited 2021 October 13.
Available from: https://www.norc.org/Research/Projects/Pages/the-medicare-
current-beneficiary-survey-aspx

Weiden, P. J., Kozma, C., Grogg, A., and Locklear, J. (2004). Partial Compliance
and Risk of Rehospitalization Among California Medicaid Patients With
Schizophrenia. Psychiatr. Serv. 55 (8), 886-891. doi:10.1176/appi.ps.55.8.886

Zivin, K., Madden, J. M., Graves, A. J., Zhang, F., and Soumerai, S. B. (2009). Cost-
Related Medication Nonadherence Among Beneficiaries With Depression
Following Medicare Part D. Am. J. Geriatr. Psychiatry. 17 (12), 1068-1076.
doi:10.1097/JGP.0b013e3181b972d1

Zivin, K., Ratliff, S., Heisler, M. M., Langa, K. M., and Piette, J. D. (2010). Factors
Influencing Cost-Related Nonadherence to Medication in Older Adults: A
Conceptually Based Approach. Value Health. 13 (4), 338-345. doi:10.1111/
j.1524-4733.2009.00679.x

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations or those of
the publisher, the editors, and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Alnijadi, Yuan, Wu, Li and Lu. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Pharmacology | www.frontiersin.org

December 2021 | Volume 12 | Article 764697


https://www.cdc.gov/dhdsp/pubs/guides/best-practices/pharmacist-mtm.htm
https://www.cdc.gov/dhdsp/pubs/guides/best-practices/pharmacist-mtm.htm
https://doi.org/10.5694/mja16.00194
https://doi.org/10.5694/mja16.00194
https://doi.org/10.1001/jamanetworkopen.2021.0498
https://doi.org/10.1001/jamanetworkopen.2021.0498
https://doi.org/10.1016/s0895-4356(01)00457-7
https://doi.org/10.1016/s0895-4356(01)00457-7
https://doi.org/10.1089/pop.2019.0035
https://www.health.harvard.edu/mind-and-mood/what-causes-depression
https://www.health.harvard.edu/mind-and-mood/what-causes-depression
https://doi.org/10.1007/s10865-005-2562-z
https://doi.org/10.1016/j.jad.2015.12.029
https://doi.org/10.2165/00002512-200421120-00004
https://dukepersonalizedhealth.org/2019/03/the-importance-of-physician-patient-relationships-communication-and-trust-in-health-care/
https://dukepersonalizedhealth.org/2019/03/the-importance-of-physician-patient-relationships-communication-and-trust-in-health-care/
https://doi.org/10.1097/MLR.0b013e318210443d
https://doi.org/10.15406/jabb.2017.03.00082
https://doi.org/10.1007/978-3-642-61372-2_9
https://www.cdc.gov/pcd/issues/2018/18_0190.htm
https://www.cdc.gov/pcd/issues/2018/18_0190.htm
https://doi.org/10.1001/jama.299.16.1922
http://www.cms.gov/Research-Statistics-Data-and-Systems/Research/MCBS/Codebooks-Items/2016_MCBS_Methods_Report
http://www.cms.gov/Research-Statistics-Data-and-Systems/Research/MCBS/Codebooks-Items/2016_MCBS_Methods_Report
https://www.norc.org/PDFs/MCBS/2017%20Quality%20of%20Life%20Metrics%20Among%20All%20Medicare%20Beneficiaries.pdf
https://www.norc.org/PDFs/MCBS/2017%20Quality%20of%20Life%20Metrics%20Among%20All%20Medicare%20Beneficiaries.pdf
https://www.norc.org/PDFs/MCBS/2017%20Quality%20of%20Life%20Metrics%20Among%20All%20Medicare%20Beneficiaries.pdf
https://www.medicare.org/articles/does-medicare-cover-antidepressants/
https://www.medicare.org/articles/does-medicare-cover-antidepressants/
https://www.nhs.uk/conditions/antidepressants/uses/
https://www.nhs.uk/conditions/antidepressants/uses/
https://doi.org/10.15256/joc.2011.1.4
https://www.rxlist.com/the_comprehensive_list_of_antidepressants/drug-class.htm
https://www.rxlist.com/the_comprehensive_list_of_antidepressants/drug-class.htm
https://doi.org/10.1192/bjp.180.2.104
https://doi.org/10.1111/1475-6773.12534
https://doi.org/10.1097/MLR.0b013e31815dc59a
https://doi.org/10.2105/ajph.94.10.1782
https://www.cdc.gov/nchs/products/databriefs/db76.htm
https://www.cdc.gov/nchs/products/databriefs/db377.htm#ref2
https://www.cdc.gov/nchs/products/databriefs/db377.htm#ref2
https://doi.org/10.1186/1471-244X-10-64
https://doi.org/10.1186/1471-244X-10-64
https://doi.org/10.1016/j.dhjo.2013.03.002
https://doi.org/10.1016/j.dhjo.2013.03.002
https://doi.org/10.1093/jssam/smz047
https://doi.org/10.4088/jcp.08m04119
https://www.norc.org/Research/Projects/Pages/the-medicare-current-beneficiary-survey-.aspx
https://www.norc.org/Research/Projects/Pages/the-medicare-current-beneficiary-survey-.aspx
https://doi.org/10.1176/appi.ps.55.8.886
https://doi.org/10.1097/JGP.0b013e3181b972d1
https://doi.org/10.1111/j.1524-4733.2009.00679.x
https://doi.org/10.1111/j.1524-4733.2009.00679.x
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Cost-Related Medication Nonadherence (CRN) on Healthcare Utilization and Patient-Reported Outcomes: Considerations in Manag ...
	1 Background
	2 Methods
	2.1 Data Source
	2.2 Study Population
	2.3 Measurements
	2.3.1 Dependent Variables
	2.3.2 Independent Variables

	2.4 Statistical Analysis

	3 Results
	4 Discussion
	5 Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Supplementary Material
	References


