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Abstract

Objective

To study cost-related medication non-adherence (CRN) for a 30-month period before and

during the COVID-19 pandemic using a sample of Medicare patients at high risk of

hospitalization.

Design

A novel data set of quarterly surveys of CRN was used to evaluate CRN before and during

the COVID-19 pandemic. Generalized Estimating Equation (GEE) analyses were con-

ducted to evaluate the adjusted coefficients of change in CRN behaviors controlling for

socio-demographic and health characteristics.

Participants

Six hundred seventy-seven Medicare beneficiaries at high risk of hospitalization who were

alive on January 1, 2020 and followed up through quarterly surveys on CRN for 30 months

before and during the COVID-19 pandemic.

Main outcomes and measures

Two metrics of prevalence and persistence of CRN and their adjusted coefficients in GEE

with binomial family distribution and log link function controlling for socio-demographic and

health characteristics.

Results

A total of 5,990 quarterly surveys were completed by the 677 patients during the 30-month

study period. Among the 677 patients, 250 (37%) were men, 591 (87%) were African Ameri-

can, and 288 (42%) were Medicare-Medicaid dual eligible. The unadjusted prevalence of

CRN before and during the COVID-19 pandemic was 31.1% and 25.7% respectively (p =
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0.02 by Chi-squared test), and persistent CRN rates were 12.1% and 9.7% respectively (p =

0.17 by Chi-squared test). The adjusted odds ratio of CRN prevalence during the pandemic

compared to the pre-pandemic level was 0.75 (p<0.01), and 0.74 (p = 0.03) for persistent

CRN in GEE estimations.

Conclusion and relevance

There are coherent evidence of a reversal of CRN rates during the COVID-19 pandemic

among this high-need, high-cost resource utilization Medicare population. Patients’ CRN

behaviors may be responsive to exogenous impacts, and the behaviors changed in the

same direction with similar magnitude in terms of prevalence (the extensive margin) and

persistence (the intensive margin). More research is needed to advance the understanding

of the driving forces behind patients’ behavioral changes and to identify factors that may be

informative for reducing CRN in the long run.

Introduction

Non-adherence to medication due to cost is a serious challenge in the US healthcare system, as

one in four adults in the US have a difficult time affording their medications [1]. The COVID-

19 pandemic has imposed an unprecedented burden on patients regarding seeking and

remaining engaged in care. For high-need, high-cost resource utilization populations, such

challenges may be particularly pronounced, as they require frequent care and many medica-

tions despite limited economic means. It is conceivable that economic pressures coupled with

disrupted continuity of care may have affected their medical adherence. In the meantime, gov-

ernment policies to stabilize income and housing (including the Coronavirus Aid, Relief and

Economic Security (CARES) Act, providing Americans with expanded unemployment insur-

ance (UI) benefits if they’re out of work for pandemic-related reasons [2], and a temporary

national moratorium on most evictions for nonpayment of rent [3]) may have helped patients

at the very bottom of the economic ladder to ease the tension between their medical and other

basic needs. In addition, states were prohibited from disenrolling people from Medicaid dur-

ing the COVID pandemic, even if they no longer met the eligibility guidelines [4]. Further-

more, many patients in the high-need, high-cost Medicare population are younger than 65 as

they become eligible for Medicare due to disability; they may or may not be eligible for Medic-

aid due to means tests and spouses or family members who are still in the labor force, or at the

risk of losing it. Even for older patients among this population, because they are at the bottom

of the economic ladder, their high price sensitivity due to budget constraint may affect CRN

significantly. This is a vulnerable population whose medical care could be affected significantly

by loss of subsidized housing, eviction, loss of unemployment benefits, or loss of Medicare-

Medicaid dual eligibility in the absence of those federal policies protecting housing, unemploy-

ment benefits, and Medicaid eligibility, A knowledge and understanding of patients’ adherence

to medical care during the pandemic is thus critical for evaluating the benefits of government

policies and identifying factors external to the healthcare system that influence such behaviors.

However, little is known about adherence behaviors during the pandemic, particularly among

the high-need, high-cost resource utilization population.

We aimed to test the hypotheses that cost-related medication non-adherence (CRN)–

patients not taking medications as prescribed due to cost–had changed for a 30-month period

before and during the COVID-19 pandemic. We used a sample of Medicare patients at high
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risk of hospitalization and a novel data set of quarterly surveys of CRN with two metrics of

prevalence and persistence to reflect two aspects of such behaviors [5]. These two metrics mea-

sure CRN behaviors on the extensive margin (i.e., any CRN behavior), and intensive margin

(i.e., the persistence in CRN) and hence reflect well the patients’ behavioral changes before and

during COVID-19.

Methods

We used a sample of Medicare patients at high risk of hospitalization, a high-need, high-cost

resource utilization population, who were hospitalized at least once in the previous year or

cared for at the emergency department at the time of enrolled into a randomized controlled

trial to study the Comprehensive Care Physician (CCP) model, where the CCP integrated

the physician services for ambulatory care and inpatient care for patients at high risk of hos-

pitalizations with ongoing quarterly surveys of patients in an urban academic medical center

[5, 6]. CRN questionnaire is an original part of the CCP study to advance the understanding

of cost barriers to health care. The CCP study is a longitudinal study with the subjects fol-

lowed up quarterly since enrollment, and follow-up is still ongoing. Medicare is a federal

program providing health insurance to 65 million Americans aged 65 or older, under age 65

with certain disabilities, and people of all ages with End-Stage Renal Disease [7]. While the

program is heavily subsidized, beneficiaries incur out-of-pocket payments for deductible,

co-insurance, and premiums. In traditional Medicare, most beneficiaries’ spending does not

exceed $5,000, but 4.5 million people spend over $5,000 per year out-of-pocket and 1.6 mil-

lion beneficiaries spend $10,000 or more annually [8]. For context, the national average

spending per person in Medicare was $15,300 in 2021 [9]. We estimated that the patients in

the CCP study incurred 300–400% of the average annual health cost for Medicare beneficia-

ries during the year before the enrollment, and they represent the high-need, high-cost

resource utilization population well because many are older adults with multiple chronic

conditions, and experience multiple functional limitations. The high-need, high-cost popula-

tion has been identified as an urgent national healthcare priority [10]. Another common fea-

ture of such a high-need, high-cost population is its high mortality rate due to high disease

burden; this sample is no exception. Hence, to represent this population sample fully during

the COVID pandemic, the additional inclusion criteria for this secondary data analysis

included patients being alive on January 1, 2020, during which month the first COVID-19

case was reported in the US [11], and having completed at least one quarterly follow-up sur-

vey during the first quarter of 2020, to enable comparison between pre- and during pan-

demic periods with inclusion of those who were deceased during the pandemic. While at

least 1 follow-up survey before the pandemic was not explicitly required, given the long fol-

low-up before the pandemic, all subjects have had at least 1 survey before the pandemic. The

study sample was followed quarterly in surveys from October 1, 2018, to March 31, 2021, a

period of 15 months before the COVID-19 pandemic (October 1, 2018- December 31, 2019)

and 15 months during (January 1, 2020-March 31, 2021). One novel advantage of such a data

set is the quarterly survey of CRN, as repeated assessments enable measuring the persistence

of CRN behaviors. The national data sets with CRN are predominantly annual surveys [12]

which do not allow for a longitudinal study of persistence of CRN over time. In addition,

research has shown that respondents often forget events from the first half of the year on an

annual survey [13]. By tracking the quarterly survey over time, we were able to measure the

persistence of CRN before and during the pandemic and thus gauge the intensity of CRN

behaviors, whose change is little known in the literature.

Questionnaires on CRN were administered in the surveys by asking during the past

three months, have you ever done the following due to cost: 1) not fill or refill a
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prescription, 2) delay filling a prescription, 3) skip doses, or 4) take smaller doses to make

medication last longer. CRN then was categorized as 1 if the patients reported any of these

4, and 0 if none.

We developed two metrics of CRN: prevalence for any CRN reported during pre- and dur-

ing pandemic periods, and persistence of CRN if CRN was reported on more than half of the 5

quarterly surveys during each 15-month period.4 Prevalence was measured by any CRN

reported in any survey during the 15-month pre-pandemic and pandemic periods, while per-

sistence was measured by whether patients more often than not reported CRN during the two

periods [5]. For example, for patients who were followed up for 5 surveys before or during the

pandemic, persistence in CRN was noted if patients reported CRN 3 or more times. If patients

were deceased or dropped out during the study period, persistence was noted if CRN was

reported on 3 or more out of 4 surveys or 2 or more out of 3. We first compared the rates of

prevalence and persistence of CRN before and during the pandemic period using Chi-square

tests. We also described the trajectory of CRN rates by quarter from October 1, 2018, to March

31, 2021, graphically. We linked our survey data to Medicare enrollment and Vital Statistics

files to ascertain death information, as death is a major reason for sample attrition and a key

factor for shortened follow-up. The Medicare Vital Statistics file was updated up to July 14,

2022; hence we were able to remove those who were deceased before January 1, 2020, from the

denominator of the analysis as those patients did not have any comparable CRN rates during

the pandemic.

To further ascertain the population-adjusted change in prevalence and persistence of

CRN between the pre-pandemic and pandemic periods, we conducted analyses using Gener-

alized Estimating Equation (GEE) with binomial family distribution, log link function, and

exchangeable correlation structure to address unmeasured correlation among the subjects

[14, 15]. controlling for confounders including age, gender, race, ethnicity, educational

attainment, and health literacy at the baseline. The age variable, with a cut-off of 65 years on

January 1, 2019, was derived from the date of birth from the Medicare Vital Statistics file.

Research shows a different risk profile for CRN for those under 65 as many more in that age

group have disabilities [16], hence such a cut-off reflects disability status and socio-economic

status (receiving Social Security Disability Income) rather than merely a biological age. The

indicator variables for race were derived from the intake survey of the study, as self-reported

race is considered the gold standard [17]. Educational attainment and health literacy were

also derived from the intake survey [18]. We included a set of comorbidity indicators for

cancer, cardiovascular disease, depression, diabetes, and kidney disease, self-reported in the

follow-up surveys and summed up by the study periods, as these conditions have been found

to be risk factors for CRN [12]. We also included an indicator variable for Medicare-Medic-

aid dual eligibility at the time of enrollment, as Medicare beneficiaries with dual eligibility

are sicker patients with fewer economic resources but more generous insurance coverage.

Research has shown that patients with dual eligibility have a different risk profile for CRN

[19], and understanding the role of dual eligibility in this context is important for medical

practitioners and policy makers. Since this data set came from a study originally intended for

developing the CCP model in a randomized controlled trial, we also added one indictor vari-

able for the study arm to generate population-adjusted rates for comparison before and dur-

ing the pandemic. The analysis was conducted using Stata Statistical Software version 14

(StataCorp LP, College Station, TX).

This report follows the Strengthening the Reporting of Observational Studies in Epidemiol-

ogy (STROBE) reporting guideline for cohort studies. The study was approved by our Institu-

tional Review Board. The patient consents were obtained through written consent.
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Results

The original CCP study has a sample size of 2000 subjects with 1000 subjects in each study

arm and enrollment took place between November 2012 and June 2016. After removing 12

subjects who were randomized in error or withdrawn by patients from the study, we were able

to link 1976 (99.4%) subjects out of 1988 successfully to the Medicare enrollment file, with cor-

rect linkage ascertained through matching birthdates between our internal survey and Medi-

care Vital Statistics. Among those 1976 subjects, 721 (36.5%) were ascertained to be deceased

before January 1, 2020, through Medicare Vital Statistics, hence were excluded from the study.

Those patients were deceased before the pandemic and thus a pre- and during pandemic com-

parison is not possible. Among the remaining 1,255 subjects, 677 (52.8%) were followed up

before and during the pandemic, with at least one follow-up survey during the first quarter of

2020, and the rest (578 subjects, 46.1%) were lost to follow-up between November 2012, and

January 1, 2020. Among those 677 patients, 56 (8.3%) died between January 1, 2020, and

March 31, 2021, and 358 (52.9%) came from the intervention arm and 319 from the standard

care of the original CCP study.

A total of 5,990 quarterly surveys were completed by the 677 patients during the 30-month

study period; on average, 4.6 (s.d. 0.93) surveys per person were completed pre-pandemic, and

4.3 (s.d. 1.3) surveys per person were completed during the pandemic.

Table 1 shows the demographics and health characteristics for the 677 study subjects.

Among the 677 patients, 250 (37%) were men, 591 (87%) African American, 288 (42%) Medi-

care-Medicaid dual eligible.

The observed CRN rates by quarter are illustrated in Fig 1. There was an upward trend in

quarterly CRN prevalence before the pandemic, and then the trend reversed during the

pandemic.

Table 2 shows the observed (unadjusted) prevalence and persistence of CRN before and

during the pandemic. The prevalence of CRN before and during the COVID-19 pandemic was

31.1% and 25.7% respectively (p = 0.02 by Chi-squared test), and persistent CRN rates were

12.1% and 9.7% respectively (p = 0.17 by Chi-squared test).

Table 3 shows the correlates and their associated adjusted coefficients from the Generalized

Estimating Equation analyses of CRN prevalence and persistence, respectively. Age under 65

was consistently a significant risk factor (AOR = 1.88, 2.38, p<0.01, respectively) compared to

those 65 or older. Those with cancer were more likely to report CRN in persistence

(AOR = 2.36, p<0.01); those with depression were more likely to report CRN in prevalence

(AOR = 1.49, p = 0.01). The adjusted odd ratio of CRN prevalence during the pandemic com-

pared to the pre-pandemic level was 0.75 (p<0.01), and 0.74 (p = 0.03) for persistent CRN in

GEE estimations.

Discussion

To our knowledge, this is the first study on cost-related medication non-adherence longitudi-

nally following a sample of high-need, high-cost resource utilization Medicare patients before

and during the pandemic. We found that despite increased economic pressure and disrupted

medical care, there was a reverse of trend in CRN rates, with significant declining in preva-

lence and persistence in CRN during the pandemic when compared to the pre-pandemic

period.

The significant declining CRN prevalence may be reflective of economic relief efforts by the

government [2–4] and increased awareness of the risk of not taking medicine during the pan-

demic. This suggested that patients’ CRN behaviors are responsive to exogenous impact at the

extensive margin, and further research to tease out the impact of economic relief and change
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in perceived risk may provide further insight into how to influence CRN at the social and

health policy level. The longitudinal aspects of CRN behaviors were not well understood in the

literature, and this study brings new insight through a large-scale pandemic that social and

health policies may work in tandem to reduce CRN in both extensive margin (prevalence) and

intensive margin (persistence) with far-reaching impact on patients’ economic well-being.

In the meantime, little is known about the change in persistent CRN behaviors in the litera-

ture, and this study reveals that those who had persistent CRN behaviors could also be influ-

enced by exogenous impacts of similar magnitude. This is important because the CRN

behaviors at the extensive margin (prevalence) and intensive margin (persistence) may have

different tenacity. More research is needed to understand patients’ responsiveness to the social

and health policy to reduce CRN in the long run.

In this study, we found the those under 65 had significantly higher likelihood of reporting

CRN in both prevalence and persistence. These patients became eligible for Medicare due to

Table 1. Patient socio-demographic and health characteristics.

Total Patients: N (%) 677 (100)

Age as of January 1, 2019

<65 years: N (%) 235 (34.7)

65 or older: N (%) 442 (65.3)

Sex

Female: N (%) 427 (63.1)

Race

White: N (%) 43 (6.4)

Black: N (%) 588 (86.9)

Other race: N (%) 14 (2.1)

Don’t know/refused: N (%) 32 (4.7)

Hispanic ethnicity: N (%) 29 (4.3)

Medicare-Medicaid

Dual Eligibility: N (%) 288 (42.5)

Education

< High school 135 (19.9)

High school graduate: N (%) 183 (27.0)

Some college or junior college: N (%) 197 (29.1)

College graduate: N (%) 147 (21.7)

Don’t know/refused: N (%) 15 (2.2)

Self-reported health conditions

Cancer: N (%) 50 (7.4)

Cardiovascular Disease: N (%) 222 (32.8)

Depression: N (%) 158 (23.3)

Diabetes: N (%) 227 (33.5)

Kidney Disease: N (%) 121 (17.9)

Health literacy

Extremely or quite confident filling out medical forms: N (%) 445 (65.7)

Somewhat/a little bit/not at all filling out medical forms: N (%) 232 (34.3)

Don’t know/refused: N (%) 8 (1.2)

Study Group

Comprehensive Care: N (%) 358 (52.9)

Standard of Care: N (%) 319 (47.1)

https://doi.org/10.1371/journal.pone.0289608.t001
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disability, and their spouses and family members were likely still in the labor force and hence

may not be eligible for Medicaid due to means test or at the risk of losing Medicaid coverage.

Their struggle with medical needs is most likely to be affected by the absence of protection for

housing, unemployment benefits, and Medicaid eligibility. More research is needed to under-

stand their CRN trajectory once such protection is removed.

Furthermore, this study demonstrated that relieving economic pressure could be con-

ducive to reducing CRN. Another example of possible policy action is to limit out-of-

pocket payments for Medicare patients., The insight gained from this study may be useful

for understanding the impact of a ceiling of economic risk or a floor of protection on con-

tinuity of care in terms of implementing the Inflation Reduction Act in the following

years.

In this study, we did not look specifically into the different patterns with which subgroups

changed CRN behaviors–for example, staying with, moving away from, and newly reporting

Fig 1. Observed CRN rates October 2018-March 2021. Quarters indicating 5 pre-pandemic quarters (October

2018-December 2019) and 5 quarters during pandemic (January 2020 –March 2021) with the last quarter of 2019 as 0.

https://doi.org/10.1371/journal.pone.0289608.g001

Table 2. Observed CRN prevalence and persistence pre- and during COVID-19 pandemic (N = 677).

Pre-COVID-19 (10/1/2018-

12/31/2019) N (%)

During COVID-19 (1/1/

2020-3/31/2021)

P-value by Chi-

square Test

Prevalence of CRN (Any CRN) 210 (31.0%) 174 (25.7%) 0.03

Persistence of CRN (More often

than not reporting CRN)

81 (12.0%) 65 (9.6%) 0.16

https://doi.org/10.1371/journal.pone.0289608.t002
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CRN. These are complex transition patterns, and our modest sample size does not allow us to

examine the subgroups in such detail with these many covariates. Nevertheless, knowing that

CRN behaviors may change at both extensive margin of prevalence and intensive margin of

persistence under exogenous impacts underlines the promising prospect that policy interven-

tion through economic relief may reduce CRN behaviors and hence save significant sums of

downstream costs, and effective intervention to reduce CRN may also be devised by influenc-

ing patients’ perceived risk.

This study is limited in that the sample is a predominantly African American population

in an urban setting; hence it is not representative of the general population and may not be

generalizable to the entire Medicare population. However, the high-need, high-cost resource

utilization patient population is an urgent policy priority with a high risk of CRN. National

data sets often do not have a large enough sample size to investigate such a subpopulation,

and particularly lack longitudinal follow-up to allow the measurement of persistent behavior.

The insight gained from this study may be informative for further research on patient behav-

iors in this important population and may guide the evaluation of national economic poli-

cies. This study is also limited in that the original study cohort was recruited during 2012–

2016 and followed up to March of 2021, during which time many were deceased. The sample

attrition may have a “survival effect” on those who remained in the study, as mortality was

the main driver for sample attrition (721 subjects from the original sample died before Janu-

ary 1, 2020, and hence were excluded from this study). However, the sample size of the

Table 3. Adjusted odds ratios of prevalence and persistence of CRN during pandemic and correlates.

CRN Prevalence CRN Persistence

Odds Ratio P>z [95% Conf. Interval] Odds Ratio P>z [95% Conf. Interval]

During pandemic (ref: pre-pandemic) 0.75 <0.01 0.62 0.91 0.74 0.03 0.57 0.97

Age < 65 1.88 <0.01 1.37 2.57 2.39 <0.01 1.50 3.82

Male (ref: female) 1.01 0.93 0.75 1.37 0.85 0.49 0.54 1.35

Race: Black Reference Reference Reference Reference Reference Reference Reference Reference

White 0.83 0.55 0.44 1.55 0.88 0.79 0.35 2.21

Race: other 2.12 0.11 0.84 5.36 2.65 0.09 0.85 8.24

Race: don’t know or refused 0.99 0.97 0.46 2.12 0.47 0.22 0.14 1.56

Hispanic ethnicity 1.67 0.21 0.75 3.70 3.80 0.01 1.38 10.42

Education: (ref: college) Reference Reference Reference Reference Reference Reference Reference Reference

< High school 0.83 0.42 0.53 1.30 0.48 0.05 0.23 1.00

High school 1.03 0.88 0.71 1.50 0.74 0.28 0.42 1.29

Post-graduate 0.80 0.30 0.53 1.21 0.84 0.57 0.47 1.51

Education: don’t know or refused 0.43 0.16 0.13 1.41 0.26 0.29 0.02 3.11

Limited health literacy 0.83 0.27 0.60 1.16 0.94 0.82 0.57 1.56

Medicare-Medicaid dual eligibility 0.85 0.32 0.63 1.17 1.02 0.92 0.64 1.63

Cancer 1.07 0.78 0.69 1.66 2.36 <0.01 1.36 4.08

Diabetes 0.92 0.58 0.67 1.24 1.10 0.69 0.70 1.72

Depression 1.49 0.01 1.12 1.97 1.21 0.34 0.82 1.80

Cardiovascular condition 1.34 0.05 1.00 1.81 1.24 0.34 0.80 1.92

Kidney condition 0.72 0.08 0.49 1.04 0.57 0.05 0.32 1.00

Study arm: Intervention 1.35 0.04 1.01 1.81 1.18 0.45 0.76 1.83

Results from the Generalized Estimating Equation analyses with log link function, binomial family function, and exchangeable correlation structure, for CRN prevalence

and persistence, respectively.

https://doi.org/10.1371/journal.pone.0289608.t003
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intervention and standard care groups in the study were comparable, reflecting the original

feature of the enrollment. While we included that about 8.3% of the sample subjects died

during the study period, their trajectory of CRN is unknown in the literature. The lack of

power did not allow us to do a stratified study on those who were deceased. In addition,

while the US CDC first alerted clinicians on January 8, 2020, to be on the look-out for

patients with respiratory symptoms and a history of travel to Wuhan, China,10 the public

awareness of COVID-19 gradually increased over time. As a result, patients’ response to

COVID-19 could have become stronger as they learned more about it from their clinicians

and mass media. Such a time gradient is beyond the scope of this study and our modest sam-

ple size does not allow us to further segment the response by timing, but the importance of

timing of information may warrant careful examination to better understand patients’

behavioral changes. Finally, there is also possibility that medication regimen during the pan-

demic was changed for some patients to reduce the opportunity of transmitting COVID. The

financial consequence for such a change is uncertain, and future research should examine

the likelihood of change in clinical care during pandemic for those high-need, high-resource

utilization patients and its financial consequence to direct medical costs. Finally, COVID

might have impacted CRN through many pathways; for example, while patients may have

reduced or delayed their in-person office visits, telemedicine may have facilitated remote

access to care and hence offset such an impact. The net result is largely an empirical question,

and the investigation of such a pathway is beyond the scope of the current study. While we

incorporated time-varying health variables in our GEE analysis, the study is limited by a rela-

tively short follow-up period. Future study should be directed to understanding the long-

term CRN trajectory [20].

Conclusion

In summary, we presented coherent evidence of a reversal of CRN rates during the

COVID-19 pandemic among this high-need, high-cost resource utilization Medicare pop-

ulation. It demonstrates that patients’ CRN behaviors may be responsive to exogenous

impacts, and that behaviors changed in the same direction with similar magnitude in terms

of prevalence (the extensive margin) and persistence (the intensive margin). More research

is critically needed to advance understanding of the driving forces behind patients’ behav-

ioral changes and to identify factors that may be informative for reducing CRN in the long

run.
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