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ABSTRACT

Objectives The access barrier to medication has been

a persistent and elusive challenge in the US healthcare
system and around the globe. Cost-related medication
non-adherence (CRN) is an important measure of
medication non-adherence behaviours that aim to avoid
costs. Longitudinal study of CRN behaviours for the ageing
population is rare.

Design Longitudinal study using the Health and
Retirement Study to evaluate self-reported CRN
biennially.

Setting General population of older Americans.
Participants Three cohorts of Americans aged between
50 and 54 (baby boomers), 65—69 (the silent generation)
and 80 or above (the greatest generation) in 2004 who
were followed to 2014.

Intervention Observational with no intervention.
Primary and secondary outcome

measures Longitudinal CRN rates for three generational
cohorts from 2004 to 2014. Population-averaged effects
of a broad set of variables including sociodemographics,
income, insurance status, limitations in activities of daily
living (ADLs) and instrumental activities of daily living
(IADLs), and comorbid conditions on CRN were derived
using generalised estimating equation by taking into
account repeated measurements of CRN over time for the
three cohorts, respectively.

Results The three cohorts of baby boomer, the silent
generation and the greatest generation with 1925,

2839 and 2666 respondents represented 12.3 million,
8.2 million and 7.7 million people in 2004, respectively.
Increasing age was associated with decreasing likelihood
of reporting CRN in all three generational cohorts (p<0.05),
controlling for demographics, income, insurance status,
functional status and comorbid conditions. All three
generational cohorts had a higher prevalence of diabetes,
cancer, heart conditions, stroke, a higher percentage

of respondents with Medicare-Medicaid dual eligibility
and lower percentage with private insurance in 2014
compared with 2004 (p<0.05).

Conclusion The paradox of decreasing CRN rates,
independent of disease burden, income and insurance
status, suggests populations’ CRN behaviours change as
Americans age, bearing implications to social policy.

,' Deepon Bhaumik,? David Meltzer®

Strengths and limitations of this study
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= Nationally representative study sample.

= Longitudinal follow-up of cost-related medication
non-adherence (CRN) (rare in the literature).

= Population-averaged effects of a broad set of vari-
ables on CRN using the generalised estimating
equation.

= Arich set of income, insurance status, and disease
and functional status variables for risk adjustment.

= Does not have information on change in consump-
tion bundle, such as other discretionary spending
over time.

INTRODUCTION

The access barrier to medication has been
a persistent and elusive challenge in the US
healthcare system and around the globe. A
recent national poll indicated that among
those currently taking prescription drugs,
one-fourth of adults (24%) and seniors
(23%) have difficulty in affording their
prescription drugs including about one in
ten (overall and among seniors) saying it is
‘very difficult’.! Costrelated medication non-
adherence (CRN) measures cost-avoiding
behaviours and has seen an emerging body
of literature on its prevalence internationally.
For example, in a study of adults aged 55 and
older living in the communityin 11 developed
countries, the authors found that the USA
had a CRN rate of 16.8%, Canada had the
second highest national prevalence of CRN at
8.3%, and Australia followed at 6.8%.2 Many
patients engage in strategies to avoid such
costs when facing difficult choices between
their medication needs and other basic
needs, including delaying filling prescrip-
tions, not filling prescriptions, skipping doses
and splitting doses. Many behavioural, social,
economic, medical and policy-related factors
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have been identified as contributing to medication non-
adherence.” Medication non-adherence is associated
with increased hospitalisation rates and emergency
department visits, higher mortality rates, worse patient
outcomes and increased downstream costs that impose
heavy, avoidable healthcare costs on society.”"!" Hence
it is pressing for researchers, practitioners and policy-
makers to gain insight into the key factors that drive the
difference in CRN across population strata.

Among the many risk factors for CRN, age receives little
attention even though younger disabled patients have
been found to have higher CRN rates among the Medi-
care population.' Age is a complex variable, reflecting
multiple dimensions of biological and social factors that
can potentially drive up CRN. For example, while older
people may have protection from Medicare insurance
coverage, including the Part D outpatient prescription
drug programme, at the same time they also have lower
income and may suffer from multiple chronic conditions
that require greater out-of-pocket spending on medica-
tions. Thus the tension between their resources and medi-
cation needs is comparatively higher. The literature on
the effect of the ageing process on CRN is scant, and most
reported differences in CRN due to age are examined in
the context of cross-sectional studies. These studies make
it unclear if the age difference in CRN is due to genera-
tional difference (ie, cohort effect) or the ageing process
itself and also lack adequate control for the confounding
factors. It is important to study the effects of the ageing
process on CRN because if older people with fewer
economic resources and higher disease burdens report
lower CRN rates, ceteris paribus, it may mean they are
actually cutting down spending on other basic needs and
that therefore social policy may need to be revamped to
address this hidden crisis. On the other hand, this is an
interesting question about the behavioural change in the
ageing process, as it may reflect the change in the assess-
ment of the value of medication (and life) as people prog-
ress to more advanced age.

We, therefore, propose to test the hypothesis of changing
CRN rates among the older population in the US longitu-
dinally. The longitudinal analysis isolates the cohort effect
from its tempering of the age effect, and the broad set of
controlling variables (particularly income and insurance
variables) further isolate the potential confounding. We
used the Health and Retirement Study (HRS)," a nation-
ally representative sample of older people (50 years or
older), to generate population-averaged effects of age on
CRN, controlling for a broad set of sociodemographic,
insurance and health variables.

METHODS

Data

Data from HRS from 2004 to 2014 were used for this
study. The HRS is a longitudinal panel study that surveys
a representative sample of Americans over the age of
50 about their income, employment, health insurance,

physical health, functional status and medical condi-
tions."” Data for the survey are collected primarily by tele-
phone interview every 2 years. Mortality was recorded if
the respondent was deceased during the follow-up.

CRN was measured by asking participants, ‘Sometimes
people delay taking medication or filling prescriptions
because of the cost. At any time since the last interview
or in the last 2 years have you ended up taking less medi-
cation than was prescribed for you because of the cost?’
Participants answered either yes or no, although they had
the option to refuse to answer or say that they did not
know. For those who refused to answer or say that they did
not know, the answer is treated as no CRN was reported.

Cohort creation

We created three generational cohorts of Americans aged
between 50 and 54 (baby boomer), 65-69 (the silent
generation), and 80 or above (the greatest generation)
in 2004, followed them to 2014, and evaluated CRN over
time. The reason for creating these three cohorts is to
isolate the generational difference in CRN behaviours
at baseline, and to compare the trajectory of CRN
behaviours in these three cohorts by controlling for other
confounding factors. Such a grouping is also consistent
with the older population defined by the US Census and
policy analysis.'"* '° The narrower band for cohort age
further reduces boundary errors among the generations.
The reason for the follow-up between 2004 and 2014 is
that although the three cohorts experienced the Great
Recession starting in 2008, the economy had largely
recovered in steady growth by 2014 and hence this period
of 10 years provides a clear picture of the trajectory of
CRN pre-economic, during and post-economic recession
with up to six observations for each correspondent. CRN
rates were weighted to reflect the national estimates using
2004 survey weights.

Statistical analysis

Since our data included repeated measurement of CRN
on a biannual basis for up to six measures, we devel-
oped a generalised estimating equation analysis (GEE)
to assess the population-averaged effect of a broad set of
risk factors, including advancing age, on CRN, taking into
account correlations among repeated observations of the
patients, which are quite often unknown.'® One strength
of such an approach is lower variability and thus more
efficient comparison, allowing us to detect a difference
within socioeconomic strata in a sample with modest size.
The GEE model uses a binomial family function, a probit
link function, and an exchangeable correlation structure
to address the binary outcome variable and correlation
among the longitudinal follow-ups of the respondents.
There is no particular order effect in the repeated
measures in this analysis, as patients can report CRN
intermittently, and the research has shown patients are
not always persistent in CRN.'” In this analysis, the value
of the age variable increases by 2 years for each respon-
dent for each round of surveys from 2004 to 2014. Our
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examination of the population-averaged effect of each
risk factor on CRN gives us further evidence about the
relationship between age and CRN and about the offset-
ting effects among other variables held constant.

Covariates

These covariates included the sociodemographics gender,
race and ethnicity. Since insurance status has been found
an important predictor for CRN," we included a set of
indicator variables for those who were enrolled in Medi-
care, Medicaid, other types of public insurance, private
insurance and no insurance in each round of the survey,
which changed over time. Enrolment in Medicaid would
indicate that they were at the lowest rung of the economic
ladder, since Medicaid is a means-tested, state-sponsored
public insurance programme for those who meet the
poverty level defined by each state. Research has also
shown those with Medicare-Medicaid dual eligibility
(dual eligible) can have high CRN rates despite the addi-
tional insurance coverage, likely due to the fact that those
at the bottom of the economic ladder are highly sensi-
tive to the outof-pocket payment or to non-monetary
factors.'” Hence we included an indicator variable of
Medicare-Medicaid dual eligibility in each round. The
inclusion of Medicare, Medicaid, Medicare-Medicaid
dual eligibility and other insurance status variables will
tease out the enabling effect of health insurance on over-
coming resource limitations for the poor. Although not
all respondents were eligible for Medicare, and a signif-
icant fraction of Medicare beneficiaries had creditable
drug coverage and did not enrol in the Medicare Part D
outpatient prescription drug programme,”’ we included
one additional indicator variable for part D enrolment
at each round between 2006 and 2014 to further control
potential confounding. We further created an indicator
variable for the year of 2004 prior to the institution of
part D.

We also included two variables on functional status:
limitations in activities of daily living (ADLs), and instru-
mental activities of daility living (IADLs) in each round of
surveys.”'  These two variables measure the number of
limitations in performing tasks such as dressing, bathing,
eating, toileting, getting out of bed and walking (ADLs),
and preparing meals, shopping, managing money and
taking phone calls (IADLs). Research has also shown
that functional status is an important factor influencing
CRN.” We also included a set of comorbid conditions
including diabetes, heart disease, stroke, and cancer in
each round of surveys. These conditions are known to
have high disease burden for patients in terms of both
the need for continuous medical care and the high costs
of medication treatments.'®

HRS has a rich set of questionnaires on sources of
income and given that many of the elderly are already
in retirement and wage income would have been a poor
proxy, we first created one variable for total income,
including wages, pensions, unemployment benefits,
Social Security (SS) income and income from investments

and financial assets for each patient (see online supple-
mental appendix I for a list of sources of income).
Because not every income-related variable is measured
on a monthly basis, we extrapolated these variables to its
annual amount. Because not all respondents reported
income (which is common in social science research),?*
we created one dummy variable indicating those who did
not report income.

We compared the demographic variables, insurance
status and comorbid conditions for each cohort in 2004
and 2014 respectively, using regression analyses. Specifi-
cally, the p values were for the parameter estimates of the
year of 2014 compared with the year of 2004, with general
linear regressions for continuous variables including age
and functional status, and logistic regressions for binary
variables including disease conditions and insurance
status for time-varying variables. For non-time-variant
variables including gender, race and education, ¥ tests
were performed.

Finally, to adjust for Great Recession 2007-2009 which
may have had a transient effect on CRN, we created an indi-
cator variable for the years of 2008 and 2010 controlling
for this secular event during and immediately after the
recession. All analyses were weighted using 2004 sample
weight to reflect the highly stratified sample design of
HRS and draw inferences to the population. The analyses
were conducted using Stata V.14 (StataCorp).

Patient and public involvement
No patient involved.

RESULTS

Table 1 shows the demographics, insurance status, func-
tional status and comorbid conditions at the baseline of
2004 and at the end of follow-up of 2014, for the three
cohorts (baby boomers, the silent generation, and the
greatest generation, with 1925, 2839 and 2666 respon-
dents representing 12.3 million, 8.2 million and 7.7
million people in 2004, respectively). All three genera-
tional cohorts had a higher prevalence of diabetes, cancer,
heart conditions, stroke, a higher percentage of respon-
dents with Medicare-Medicaid dual eligibility and lower
percentage with private insurance in 2014 compared
with 2004 (p<0.05). There were higher numbers of
limitations in IADL among the silent generation and the
greatest generation (p<0.01) but not in the baby boomers
in 2014 compared with 2004. There was an increase in
percentage of people who did not report income among
the silent generation and the greatest generation from
2004 to 2014 (p<0.01), respectively, although the income
reported were not statistically significantly different in the
baby boomers and the silent generation, and marginally
significant in the greatest generation (p=0.07).

Figure 1 shows the observed CRN rates and their
associated 95% CIs by generational cohorts. There is a
downward sloping of trend in CRN rates in each cohort
over time despite small bumps in 2010 after the Great
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Observed CRN Rates by Generational Cohort 2004-2014
(Means and 95% Cl)

.08
.06
04+
02+

T T T T T T
2004 2006 2008 2010 2012 2014
year

Baby Boomer The Silent Generation

The Greatest Generation

Figure 1 Observed CRN rates by generational cohort 2004-
2014. The numbers were weighted using 2004 HRS sample
weight. CRN, cost-related medication non-adherence.

Recession. Figure 2 shows the adjusted CRN rates and
their associated 95% CIs by three generational cohorts
controlling for demographics, health insurance status,
disease conditions, functional status and prepart D and
great recession indicators. A downward sloping trend in
CRN rates prevailed in each cohort over time.

Table 2 shows the population-averaged estimates of age
effect along with other risk factors for the three gener-
ational cohorts. Since the GEE analyses were based on
probit link function and binary outcome, the coefficients
can be interpreted as the percentage change in the likeli-
hood of CRN due to a unit of change in the independent
variables when the estimates are small. For each 1-year
increase in age, the likelihood of reporting CRN decreased
2% (p=0.01), 3% (p<0.01) and 2% (p=0.02) among baby

Adjusted CRN Rates by Generational Cohort 2004-2014
(Means and 95% Cl)

2004 2006 2008 2010 2012 2014
year

Baby Boomer The Silent Generation

The Greatest Generation

Figure 2 Adjusted CRN rates by generational cohort 2004—
2014. The numbers were weighted using 2004 HRS sample
weight. The adjusted values of CRN rates were derived

from the generalised estimating equations controlling for
demographics, health insurance status, disease conditions,
functional status, and prepart D and great recession
indicators in each generational cohort. CRN, cost-related
medication non-adherence.

boomers, the silent generation and the greatest genera-
tion, respectively. In addition, women were more likely
to report CRN (p<0.01, p<0.01 and p=0.05), respectively;
and compared with white respondents, black respondents
were more likely to report CRN in all three generational
cohorts (p<0.01). Higher income was associated with
lower likelihood of reporting CRN among the cohorts of
baby boomers and the silent generation (p<0.01, respec-
tively), but notin the greatest generation. There were vari-
abilities among the relationships between CRN and the
various insurance statuses by generational cohort, and in
general, insurance status was less likely to be statistically
significant in the greatest generation. Having diabetes or
heart conditions was associated with a higher likelihood
of reporting CRN among the baby boomers (p<0.01) and
the silent generation (p<0.01), but not the greatest gener-
ation. Similarly, a high number of deficiencies in IADLs
was associated with a higher likelihood of reporting CRN
among the baby boomers (p<0.01) and marginally signifi-
cant among the silent generation (p=0.09), but not in the
greatest generation.

DISCUSSION AND CONCLUSIONS

There was a clear, persistent downward trend in CRN
prevalence rates in all three generational cohorts between
2004 and 2014 (figures 1 and 2), despite transient impact
by the great recession after 2008. After controlling for
other risk factors including gender, race, ethnicity,
income, insurance status, comorbid conditions and func-
tional status, ageing was significantly negatively associated
with CRN in all three generational cohorts.

Such a steady decrease in CRN rates was accompanied
by increasing limitations in functional status in the older
age and an increasing prevalence of comorbid condi-
tions, reflecting heightened frailty and disease burden
in all three cohorts as they aged. There was an increase
in Medicaid enrolment in the greatest generation and
Medicare-Medicaid dual eligibility in all three cohorts,
which likely provides protection from CRN. However,
even after adjusting for Medicaid, dual eligibility and all
other insurance variables, there is still a clear pattern of
decreasing CRN as the population ages.

This ‘paradox’ of decreasing CRN rates among old
Americans as they age, despite bearing a higher disease
burden and requiring a higher consumption of medica-
tions along with fixed or decreasing economic resources,
seems to be robust, persisting through a series of controls
for confounding factors. One possible explanation is that
as the population ages and faces a shorter remaining
life-span, the value of medication may change, resulting
in the population changing their consumption bundle
and devoting more resources to medication use. Such
a change in their consumption bundle will inevitably
constrain their ability to afford other daily needs, such
as housing, food and transportation. There is little litera-
ture on this aspect of the continued loss of welfare due to
longitudinally increasing pressure to pay for medications.
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More research is greatly needed to evaluate the adequacy
of social policy to help the elderly cope with increasing
demand for medications as they age. When CRN was
examined longitudinally, one recent study suggested that
younger age is a risk factor for persistent CRN.'” The
evidence from this study corroborates the supposition
that patients’ behaviour may evolve as they age.

In this study, we included all observations of CRN by the
respondents regardless of mortality during the follow-up.
Clearly there was sample attrition due to mortality for the
older generations. Preserving the observations of those
CRN respondents who died during follow-up provided
a richer data set, reflecting more fully the prevalence
of CRN as the population ages. Nevertheless, those who
were deceased might have had increased tension between
medical needs and other needs for daily living, and future
research should be directed at examining coping strat-
egies by the elderly when they are faced with greater
certainty of death.

This study is limited by the fact that the HRS does
not have data to examine the subjective evaluation of
consumption bundles in order to derive the exact cause
of decreasing CRN despite increasing disease burden and
increased enrolment in Medicaid and dual Medicare-
Medicaid. Nor does the HRS allows an exhaustive exam-
ination of consumption by goods and services. Future
research should be directed to examine these issues and
to further illuminate the changing consumption patterns
of the elderly. Such changes may be forced on them when
faced with exhausting their life savings while their disease
burden increases. Further understanding of the coping
mechanisms and trade-offs faced by the elderly may
have profound implications for social policy that aims to
protect them.

CONCLUSION

In summary, we presented a clear case of decreasing CRN
rates among three American generational cohorts inde-
pendent of disease burden, frailty, income and insurance
status. This may suggest a hidden gap in social policy
as the elderly cope with increased burdens by reducing
consumption of other goods and services, which may
reduce their overall well-being. More research is greatly
needed to understand this phenomenon and improve
social policy for our ageing population.
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Appendix 1. Source of Income

Economic Variables
SOCIAL SECURITY INCOME
SUPPLEMENTAL SECURITY INCOME
AMOUNT FROM WORK SELF EMPL LCY

AMOUNT FROM WAGES AND SALARY LCY
AMOUNT FROM PROF PRAC OR TRADE LCY
AMOUNT FROM TIP BONUS COMMISSION LCY

AMOUNT FROM WORK 2ND JOB LCY

AMOUNT FROM UNEMPLOYMENT - LCY

AMOUNT FROM WORKERS COMP LCY
AMOUNT FROM WELFARE LCY

INC FROM OTHER IRA ANNUITY AMT
OTHER PENSIONS

OTHER ANNUITIES

STOCK INCOME AMOUNT - LCY

BOND INCOME AMOUNT - LCY

CDS INCOME AMOUNT - LCY

OTHER ASSET INCOME AMOUNT

OTHER SOURCES OF INCOME AMOUNT - LCY

VETERAN BENEFITS

AMOUNT RECEIVED FROM PENSION
AMOUNT FROM ANNUITY
AMOUNT FROM FOOD STAMPS
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