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N on–insulin-dependent diabetes is the main cause of end-

stage renal disease and blindness and the seventh-leading 

cause of death in the United States.1 One-third of Medicare 

beneficiaries had diabetes in 2016 and almost 1% receive a diagnosis 

each year.1-3 In 2017, this population experienced 3.3 million emer-

gency visits and more than 14 million inpatient days, resulting in 

an annual, per-person excess medical cost of $13,240.4

Despite metabolic agents accounting for the highest medication 

expenditure for Medicare beneficiaries, many patients do not take 

their medications as prescribed. Medication adherence is “the 

extent to which a patient acts in accordance with the prescribed 

interval and dose of a dosing regimen.”5,6 Depending on the method 

and data source, adherence rates ranged from 9% to 93% for oral 

diabetic medications.7-9 Mean adherence when using electronic dose 

monitoring was 67% to 85%.8 Low adherence could explain why 

only half of patients with diabetes reach their target hemoglobin A
1c

 

(HbA
1c

) goal, and it accounts for approximately 75% of the difference 

when comparing drug efficacy as seen in randomized controlled 

trials with effectiveness as measured using real-world data.10,11

The adverse effects of medication nonadherence have been demon-

strated in multiple studies. For example, better diabetic control can 

lead to decreases of 9%, 20%, and 13% in risk for cardiovascular disease, 

nephropathy, and retinopathy, respectively.10 The increased morbidity 

associated with medication nonadherence is of great concern to policy 

makers. This is demonstrated by the emphasis that CMS places on 

medication management, especially in terms of Star Ratings. Overall, 

50% of a health plan’s performance is related to medication-related 

behavior, highlighting the importance of adherence to health plan 

managers interested in improving their Star Rating.12 Upgrading from 

a 3- to a 4-star rating has been associated with increased enrollment 

and revenue.13 Moreover, CMS recently implemented an innovative 

out-of-pocket spending cap on insulin at $35 per month, which is 

projected to substantially influence adherence to lifesaving medication 

for management of diabetes among beneficiaries.2

Furthermore, a 10% increase in the medication possession ratio 

(MPR) has been shown to decrease annual health care costs by 

nearly 9%.14,15 Nonadherence to diabetes medication is estimated 
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ABSTRACT

OBJECTIVES: To assess long-term adherence to oral 
hypoglycemic agents (OHAs) and determine if adherence 
affects total health care expenditures of reactive vs 
preventive services.

STUDY DESIGN: Retrospective cohort study.

METHODS: This study measured adherence to OHAs using 
Medical Expenditure Panel Survey 2013-2017 data. Adults 
65 years and older who had diabetes and were taking at 
least 1 OHA were included. Respondents with a medication 
possession ratio (MPR) of at least 80% were considered 
adherent. Health care utilization and expenditure were 
compared among adherent and nonadherent respondents 
for preventive and reactive services. Utilization data 
were analyzed using negative binomial regression and 
expenditure data using γ-family generalized linear 
regression models.

RESULTS: Approximately 67% of the cohort (n = 1279) 
were adherent. The adherent group had greater health care 
expenditure overall than nonadherent respondents ($29,985 
[95% CI, $27,161-$32,743] vs $24,623 [95% CI, $21,623-
$28,122]; P < .05). Although expenditure was higher for 
prescription medications and office visits, mean emergency 
department expenditures were higher for adherent 
respondents. The utilization and proportion of expenditure on 
preventive vs reactive health care services did not differ by 
adherence as defined by an MPR of at least 80%.

CONCLUSIONS: Increasing adherence provides an 
opportunity to improve CMS quality ratings. Our finding that 
adherence does not affect the financial burden of disease 
might be explained by the increased costs of preventive 
medication and increased comorbidity burden of these 
patients. Low adherence to OHAs encourages clinicians to 
be more proactive in ensuring that prescription medications 
are refilled regularly. By emphasizing equitable diabetes 
education and tailoring quality initiatives that minimize 
racial disparities, adherence can be better achieved.
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to cost $24.6 billion a year.16 Despite this, our 

preliminary analysis of the Medical Expenditure 

Panel Survey (MEPS) data showed that adherent 

older adults had higher health care expenditure 

and greater utilization of preventive services 

(medication and office visits) rather than 

reactive care (emergency department [ED] 

visits and hospitalizations).

Objectives and Definitions

The objectives of this study were to (1) calculate 

long-term adherence to oral hypoglycemic 

agents (OHAs) and associated factors in a 

nationally representative population of adults 65 years and older 

and (2) assess whether the proportions of expenditure and utiliza-

tion for prescribed medication, outpatient facility and office visits, 

hospital admissions, and ED visits differed between respondents 

who were adherent over the long term and those who were not.

DESIGN AND METHODS
Design

This was a longitudinal, retrospective observational study using 

publicly available data from the MEPS.

Data Source

MEPS is a nationally representative longitudinal panel survey of 

the US civilian noninstitutionalized population based on a strati-

fied area sample design. Sampling weights were adjusted for the 

complex design and take into account nonresponse and population 

totals.17 Respondents are enrolled for 2 years of data collection 

and are interviewed in person 5 times. The average recall period 

is 5 months.18 A new panel begins each year. The MEPS Household 

Component collects respondent demographics, health status and 

conditions, use of medical care services, and health insurance 

coverage. The events files provide information about prescribed 

medication use, medical diagnoses, and related utilization.19 A 

comparison of MEPS prescription drug data with Medicare Part D 

claims found the quality to be reasonably accurate and adequate 

for the purpose of determining medical expenditures.18

Cohort

Our cohort consisted of adults 65 years and older who participated 

in MEPS panels 18 to 21 (2013-2017). Respondents were included if 

they answered yes in the first round of the panel to ever having 

been diagnosed with diabetes.20-23 Furthermore, respondents 

were required to have at least 1 record of a drug of interest in the 

prescription events files.

Definition of Adherence

We identified OHAs using the MULTUM Lexicon variables for 

therapeutic class and subclass. We measured adherence using the 

MPR, a validated method commonly used in retrospective database 

research.5,24-27 For respondents taking 1 OHA, we calculated MPR by 

summing the days’ supply for each agent over the course of the 

panel and dividing by the total number of days of the interview 

rounds in which the drugs were purchased. MPR was truncated 

at 100%. We defined respondents as adherent if they had an MPR 

value of at least 80%.20,28-30

There is no standardized adherence measurement method for 

individuals taking multiple medications, and the different composite 

measures have been shown to perform equivalently in predicting 

outcomes in patients with diabetes.31,32 Furthermore, in a population 

of adolescents with diabetes, no difference in adherence was found 

when adding oral medications to existing OHAs.33 Based on this, 

and because most patients use metformin as an anchor drug,34 we 

used adherence to metformin as a proxy for overall adherence for 

patients taking 2 or more OHAs.

Following the work of An,20 we used 5 methods to impute 

days’ supply for the 32.3% of prescription medication records 

with missing values: (1) match days’ supply based on identical 

respondent, drug name, National Drug Code, strength, and quan-

tity dispensed (6.0%); (2) match days’ supply based on identical 

respondent, drug name, strength, and quantity dispensed (12.2%); 

(3) calculate days’ supply by dividing the quantity supplied by 

the common number of pills per day for that same respondent, 

drug name, and strength (16.8%); (4) calculate days’ supply by 

dividing the quantity supplied by the common number of pills 

per day for each drug and dosage (61.3%)20; and (5) calculate 

days’ supply based on the National Drug Code (0.2%). A total of 

673 records pertaining to 117 respondents could not be matched 

by any of these methods. Ninety-two (79%) of these respondents 

were included in the analysis with an alternative drug, mostly 

metformin (n = 55; 59.8%).

Outcomes

The primary outcome measures were overall adherence and propor-

tion of total health care expenditure for 5 categories of health care: 

prescribed medication, outpatient events, office visits, hospital 

admissions, and ED visits. Secondary outcomes were differences 

in general and diabetes-related utilization.

TAKEAWAY POINTS

Adherent adults had greater health care expenditures overall, and utilization and expenditure 
of preventive vs reactive health care services did not differ markedly based on adherence.

 › Adherent adults tend to be female, have incomes greater than the federal poverty level, 
have multiple medications, and be sicker than nonadherent adults.

 › Addressing predisposing, need, and enabling factors can reduce racial disparities in medica-
tion use and improve Star Rating measures, which reflect the experiences of beneficiaries.

 › These findings represent an opportunity for providers to improve CMS Star Ratings by 
increasing adherence by offering tools to foster engagement among informed and active 
Medicare beneficiaries.
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Covariates
We selected covariates based on Aday and Andersen’s framework for 

the study of access to medical care35 to examine how predisposing, 

need, and enabling factors affect realized access to care in terms 

of utilization and expenditure, thereby allowing evaluation of a 

health care system or policy’s effectiveness, equity, and efficiency.

Predisposing covariates were age, sex, race, ethnicity, marital 

status, and region. Education, income level, health insurance, and 

prescribed medication insurance were entered as enabling factors. 

Lastly, need factors were self-reported physical and mental health 

status, body mass index, current smoking status, non-OHA poly-

pharmacy (taking ≥ 5 unique medications36), number of nondiabetes 

drugs taken, number of OHA drugs taken, years since diabetes 

diagnosis, insulin use at baseline, use of diet modifications, and 

number of MEPS priority conditions.

Statistical Analyses

Data analysis was performed using SAS Enterprise Guide Version 

7.15 (SAS Institute) and Stata IC/12 (StataCorp).

The MPR was calculated and dichotomized as described earlier. 

An empirical study demonstrated that a higher cutoff point might 

be more appropriate for patients with diabetes, hence a 90% value 

was used in sensitivity analysis.16,29

We used χ2 and t tests to compare covariates between the groups. 

γ-Family generalized linear regression models (GLMs) with log link 

function assessed the relationship between continuous dependent 

variables and the independent variable, adherence at the 80% level 

compared with nonadherence. We used Poisson-family GLMs 

with log link function to assess the relationship between count 

variables and our adherence variable. The models were adjusted 

for individual predisposing, enabling factors, and need factors 

as discussed earlier. Education was not included because it was 

missing for 48% of the population and highly correlated with 

income category. 

All estimations used statistical procedures that take into account 

survey strata, clusters, and weights. This improves the accuracy of 

parameter estimates. Strata consisting of single sampling units were 

centered at the overall mean when calculating the SE. Dollar values 

were inflated to 2017 levels using the personal health care expen-

diture component of the National Health Expenditure Accounts.34

RESULTS
The MEPS longitudinal panels for 2013 to 2017 included 65,246 

respondents, of whom 1279, representing 6,671,025 noninstitution-

alized, civilian Americans, met all inclusion criteria. The sample 

selection flowchart is in Figure 1.

The analytic sample had a mean age of 74.5 years, was majority 

female (51.8%), and was largely White (79.2%) and non-Hispanic 

(87.8%) (Table 1). The mean MPR was 81.3%, and 61.6% of the 

analytic sample were considered adherent as defined by an MPR 

of at least 80%. Only 49.6% were adherent as defined by an MPR of 

at least 90%. Of those defined as adherent (MPR ≥ 80%), 75% had 

an MPR of at least 90%. The range of adherence levels was much 

wider among the nonadherent (median, 61.3%; IQR, 48.8%-72.7%). 

Adherent respondents were significantly more likely to be female, 

have incomes between 200% and 400% of the federal poverty level, 

be enrolled in Medicare Part D, and have more need factors. Of 

note, adherent respondents were more likely to be taking at least 

5 nondiabetes medications compared with nonadherent respondents 

(90% vs 80%; P < .05).

MEPS, Medical Expenditure Panel Survey; OHA, oral hyperglycemic agent.

FIGURE 1. Sample Selection Flow Chart
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Expenditures were higher for adherent respondents across 

almost all health services (Figure 2). Mean total expenditures 

over the 2 years of the survey were significantly higher (P < .05) 

for respondents who were adherent (MPR ≥ 80%) compared with 

nonadherent respondents ($29,985 vs $24,623), both in the adjusted 

and unadjusted models. When looking at adherence as an MPR of 

at least 90%, total expenditures were significantly higher only for 

adherent respondents in the unadjusted model.

We evaluated the proportion of expenditure spent on preventive 

compared with reactive health care services. As seen in Table 2, 

TABLE 1. Predisposing, Enabling, and Need Characteristics for Adults 65 Years and Older With Diabetes From the MEPS, by Adherence Group, 2013-2017a

Weighted sample proportionb

All

MPR ≥ 80%

OR (95% CI) P

Yes No

n = 1269;
weighted  

n = 6,605,672

n = 801 (61.6%);
weighted  

n = 4,106,506

n = 478 (38.4%);
weighted  

n = 2,564,519

%c %d %d

Predisposing factors

Age in years, mean (95% CI)e 74.5 (74.1-74.9) 74.6 (73.6-75.0) 74.3 (73.6-75.0) .43

65-69 40.2% 38.6% 43.0% Ref

70-74 23.2% 23.1% 23.3% 1.09 (0.75-1.59) .65

75-79 19.3% 20.9% 16.9% 1.38 (0.87-2.19) .17

≥ 80 17.2% 17.5% 16.8% 1.16 (0.78-1.74) .47

Sex .04

Male 48.2% 44.9% 53.5% Ref

Female 51.8% 55.1% 46.5% 1.42 (1.01-1.97)

Race .95

White 79.2% 78.9% 79.6% Ref

African American 11.5% 11.6% 11.3% 1.04 (0.74-1.46) .81

Other race 9.3% 9.5% 9.1% 1.05 (0.65-1.70) .85

Hispanic 12.2% 12.1% 12.3% 0.98 (0.69-1.39) .91

Marital status .72

Married 55.7% 54.3% 57.8% Ref

Divorced/separated 23.4% 23.5% 23.2% 1.08 (0.74-1.57) .69

Widowed 16.4% 17.4% 14.7% 1.26 (0.57-2.32) .69

Never married 4.6% 4.7% 4.3% 1.15 (0.83-1.91) .28

Enabling factors

Education

Less than high school 20.1% 20.5% 19.4% Ref

High school or GED 49.7% 47.5% 53.0% 0.85 (0.59-1.22) .37

More than high school 30.3% 32.0% 27.6% 1.10 (0.69-1.75) .69

Income category (as percent of FPL)

Poor and near poor (< 124%) 18.0% 20.1% 14.7% Ref

Low income (125%-199%) 15.6% 16.3% 14.5% 0.82 (0.50-1.34) .42

Middle income (200%-399%) 30.3% 29.0% 32.5% 0.65 (0.43-0.99) .05

High income (>400%) 36.0% 34.5% 38.3% 0.66 (0.43-1.01) .06

Insurance coverage

Public only 50.2% 52.4% 46.7% Ref

Any private 49.6% 47.4% 53.0% 0.80 (0.60-1.07) .12

Uninsured 0.3% 0.2% 0.3% 0.61 (0.20-1.90) .39

Covered by Medicare Part D 62.3% 65.2% 57.9% 1.39 (1.01-1.92) .05

Other prescribed medication insurance 33.0% 31.7% 35.0% 0.86 (0.63-1.17) .34

(continued)
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TABLE 1. (Continued) Predisposing, Enabling, and Need Characteristics for Adults 65 Years and Older With Diabetes From the MEPS, by Adherence 
Group, 2013-2017a

Weighted sample proportionb

All

MPR ≥ 80%

OR (95% CI) P

Yes No

n = 1269;
weighted  

n = 6,605,672

n = 801 (61.6%);
weighted  

n = 4,106,506

n = 478 (38.4%);
weighted  

n = 2,564,519

%c %d %d

Need factors

Self-reported health

Excellent 6.0% 5.6% 6.6% Ref

Very good 26.2% 23.2% 31.0% 0.88 (0.44-1.77) .72

Good 37.5% 39.7% 33.8% 1.38 (0.73-2.63) .32

Fair 23.4% 22.7% 24.6% 1.09 (0.57-2.07) .80

Poor 6.9% 8.7% 4.0% 2.57 (1.04-6.32) .04

Self-reported mental health

Excellent 26.9% 26.8% 27.2% Ref

Very good 29.5% 27.6% 32.5% 0.86 (0.60-1.24) .42

Good 32.8% 34.7% 29.8% 1.18 (0.81-1.73) .40

Fair 8.9% 8.4% 9.6% 0.89 (0.51-1.56) .69

Poor 1.9% 2.5% 1.0% 2.60 (0.80-8.45) .11

BMI, mean (95% CI)e 29.6 (29.1-30.1) 29.5 (28.8-30.3) 29.7 (29.1-30.4) .69

Underweight-normal (< 25) 19.5% 20.9% 17.3% Ref

Overweight (25-30) 33.8% 30.7% 38.9% 0.65 (0.43-0.97) .03

Obese (30-35) 26.6% 27.9% 24.5% 0.94 (0.59-1.50) .80

Very obese (≥ 35) 20.0% 20.5% 19.3% 0.88 (0.55-1.39) .57

Currently smoke 7.3% 8.3% 5.6% 1.53 (0.78-3.00) .19

Polypharmacy (≥ 5 nondiabetes medications) 86.2% 89.9% 80.2% 2.20 (1.48-3.28) .0004

Number of nondiabetes drugs taken, mean (95% CI)e 10.3 (9.8-10.7) 10.4 (9.9-10.9) 9.9 (9.2-10.7) .28 

Number of diabetes drugs taken, mean (95% CI)e 2.0 (1.9-2.1) 2.0 (1.9-2.1) 1.9 (1.7-2.0) .16 

Taking > 1 OHA 35.2% 37.2% 32.1% 1.25 (0.88-1.78) .20

Years on diabetes drugs, mean (95% CI)e 7.8 (7.2-8.5) 8.4 (7.5-9.4) 7.0 (6.1-7.9) .08 

Years since diabetes diagnosis, mean (95% CI)e 14.6 (13.9-15.3) 15.1 (14.1-16.0) 13.0 (12.6-15.0) .09 

Insulin 24.3% 26.0% 21.7% 1.27 (0.93-1.73) .12

Number of MEPS priority conditions  
(excluding diabetes), mean (95% CI)e

3.6 (3.5-3.8) 3.8 (3.6-4.0) 3.4 (3.2-3.6) .006 

0-2 conditions 26.3% 23.8% 30.4% Ref

3 conditions 25.5% 25.4% 25.6% 1.27 (0.81-2.00) .29

≥ 4 conditions 48.2% 50.8% 44.0% 1.48 (1.02-2.14) .40 

MPR, mean (95% CI)e 81.3 (79.6-83.0) 95.9 (0.003) 58.0 (0.010) N/A

BMI, body mass index; FPL, federal poverty level; GED, General Educational Development; MEPS, Medical Expenditure Panel Survey; MPR, medication possession 
ratio; N/A, not applicable; OHA, oral hypoglycemic agent; OR, odds ratio; ref, reference.
aBolded values indicate P < .05.
bWeighted percentages represent the proportion of noninstitutionalized US adults who are and are not adherent at the cutoff of an MPR of at least 80%.
cColumn percentage; totals may not add up to 100% because of rounding.
dRow percentage; totals may not add up to 100% because of rounding.
eMedians and IQRs for continuous variables are in the eAppendix.
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our hypothesis that adherent respondents with diabetes spent 

proportionately more on preventive services and less on reactive 

services than nonadherent respondents was not supported. After 

controlling for covariates, over the course of the full survey there were 

no significant differences in the proportion of health care expenditure 

spent on preventive vs reactive services. When looking at specific 

services, we saw that adherent patients as defined by an MPR of at 

least 80% had a lower proportion of outpatient facility visits than 

nonadherent patients (4.6% vs 5.8%; P = .05). At the adherence level 

defined by MPR of at least 90%, adherent patients spent a higher 

proportion of health care expenditure on ED visits (2.4% vs 1.5%; 

P = .03). Both of these findings contradict our initial hypothesis.

Similarly, when looking at absolute expenditures (Figure 2), we 

noted that although the higher mean expenditure among adherent 

vs nonadherent patients on prescribed medications ($10,545 [95% 

CI, $9161-$11,929] vs $8747 [95% CI, $6626-$10,859]) and office visits 

($5948 [95% CI, $5208-$6687] vs $4646 [95% CI, $4073-$5220]) was 

not unexpected, the significantly higher mean ED expenditure ($644 

[95% CI, $499-$789] vs $393 [95% CI, $285-$501]) was surprising. 

Although not statistically significant, the differences in mean 

FIGURE 2. Preventive and Reactive Expenditure Comparison Among Adherent and Nonadherent Respondents (MPR ≥ 80%)a

MPR, medication possession ratio. 
aAnalysis performed in Stata using survey-specific γ-family generalized linear regression model with log link function. 95% CIs, means, IQRs, and P values can be 
found in the eAppendix. Asterisks indicate statistical significance at P < .05.
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TABLE 2. Proportion of Total Health Care Expenditures Spent on Health Care Servicesa

80% MPR 90% MPR

Adherent Nonadherent P b Adherent Nonadherent P b

Prescribed medication 41.1% 39.5% .99 41.3% 39.7% .38

Office visits 26.3% 28.8% .74 26.4% 28.1% .54

Outpatient visits 4.6% 5.8% .05 4.4% 5.6% .06

In-hospital 14.1% 14.0% .39 13.6% 14.6% .93

Emergency department 2.2% 1.6% .10 2.4% 1.5% .03

MPR, medication possession ratio.
aAnalysis performed in Stata using survey-specific γ-family generalized linear regression model with log link function. Bold indicates statistical significance at  
P < .05.
bThe analysis adjusted for age category, sex, race, Hispanic, marital status, poverty level, geographic region, self-reported health, self-reported mental  
health, insurance coverage, part D insurance coverage, private prescription medication coverage, body mass index category, smoking status, polypharmacy,  
diet modifications, use of insulin, number of diabetes medications, number of nondiabetes medications, first year total expenditure, and first year total  
prescription expenditure.
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outpatient and inpatient expenditures were not in the hypothesized 

direction. Respondents with an MPR of at least 90% had significantly 

higher ED expenditures than nonadherent respondents. No other 

statistically significant differences were seen at this adherence 

level definition. Full details can be seen in the eAppendix (avail-

able at ajmc.com).

When analyzing utilization, we saw that respondents had similar 

numbers of unique prescriptions purchased over the 2 years (Table 1). 

However, adherent respondents, unsurprisingly, had significantly 

more total and diabetes-related prescriptions in each year (Figure 3). 

There were no significant differences in utilization of other health 

care services in either of the analyses using MPR of at least 80% 

and MPR of at least 90%.

DISCUSSION
Our analysis of MEPS data from 2013 to 2017 showed that 61.6% of 

adults 65 years and older who take OHAs filled 80% of their expected 

prescriptions. Only 49.6% filled at least 90% of their prescriptions.

We found adherence to be associated with female sex, White race, 

Part D prescription medication insurance, and higher number of 

need factors. Adherent patients were more than twice as likely to rate 

their health as poor and to take at least 5 nondiabetes medications, 

and they had more MEPS priority conditions and were more likely 

to be overweight. Compared with patients who were not adherent, 

those who were adherent had higher health expenditure across all 

categories assessed. Overall, adherence was not associated with 

lower all-cause nor diabetes-specific health services utilization.

When controlling for covariates, we found that adherent patients 

did not spend relatively more on preventive services and less on 

reactive care. Results were not materially different when using 

the cutoff of MPR of at least 90%. This is probably because most 

(> 75%) patients who were adherent at an MPR of at least 80% 

also had an MPR of at least 90%, thus making the 2 analyses very 

similar. Our specific findings that adherent patients at the cutoff 

of MPR of at least 80% spent proportionately less on outpatient 

facility services and that those adherent at the MPR cutoff of at 

least 90% spent proportionately more on ED services than their 

nonadherent counterparts contradict our initial hypothesis. This 

is likely a random finding due to small numbers of individuals 

utilizing these services overall.

The rate of enrollment in Medicare Advantage plans is growing, 

and CMS’ Star Rating program provides a tool for these consumers 

to select higher-rated plans.37 These annual performance ratings 
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Utilization refers to number of reported events.
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are thus not only tied to quality bonus payments and incentives 

but also are crucial to a health plan’s expansion. Increasing patient 

medication adherence provides an opportunity to improve ratings 

given both the scope for improvement shown here and its outsize 

influence on plan performance. Our counterintuitive findings 

indicate an opportunity for plans to also consider that ostensibly 

adherent patients may be adhering to inadequate regimens because 

of clinical inertia, thus increasing their incidence of complications 

and costs. For more than 50% of patients, treatment is intensified 

only a year or more after an increased HbA
1c

 result.38 The concomitant 

increase in diabetes-related complications39 is associated with 

substantial costs.40,41 Moreover, recent publications highlight racial 

and socioeconomic disparities in both medication adherence and 

clinical inertia.39 Managed care pharmacies play a crucial role in 

mitigating these factors by providing affordable and high-quality care 

for all. Our study findings reveal that highly adherent individuals 

are generally female, higher income, and with polypharmacy or 

multimorbidity, and because of medication adherence, they are 

generally more likely to get the preventive and reactive care neces-

sary. Addressing medication nonadherence among other groups 

can improve outcomes and ensure accessibility to care and proper 

medication utilization.

Our mean MPR of 79.6% is similar to the 78.2% calculated in 

Medicare enrollees taking metformin.42 Our rate of 61.6% adherent 

defined by an MPR of at least 80% is similar to the weighted mean 

(62.2%) reported in a recent meta-analysis.9 Looking at commercial 

insurance claims, Hansen et al found an adherence rate of 56.7% to 

61%.43 Another study looking at MEPS found a lower rate (36.2%), 

but because they looked at those younger than 65 years, this is 

likely because of a high uninsurance rate that was correlated with 

adherence.26 Most studies have found that an increase in adherence 

is associated with savings in the form of fewer hospitalizations and 

outpatient costs despite higher drug costs.7,15,43 However, just 1 study 

looked at only older adults, and it is possible that the increased 

number and costs of OHAs since this study’s publication in 2003 

may have changed the association for this population.14 It is also 

likely that the multimorbidity of the analytical cohort masks 

diabetes-specific expenditure and utilization; studies examining 

associations among regional adherence levels, Medicare Part D, and 

overall medical spending also found no correlation among these 

variables.44,45 It is possible that the sample size was not adequate 

to capture these differences.

Limitations and Strengths

Our study was limited by factors typically associated with retro-

spective observational studies, such as selection bias, missing and 

incomplete information, use of proxy respondents,46 and unmeasured 

confounding factors. To account for potential confounders, we used 

multivariate analyses, but multivariate analyses could not account 

for unmeasured variables such as disease severity (measured by 

HbA
1c

 levels and serum glucose) and ongoing complications. If 

these factors were more pronounced in adherent patients, this 

might account for the observed results. Another limitation is the 

sole reliance on MPR as a measure of adherence; although MPR is 

a widely used and accepted measure,7 it is prone to overestimation 

of adherence. The accuracy of MPR measurement is often impeded 

by missing days’ supply records and lack of access to prescription 

fill dates. To overcome these limitations, we calculated MPR in 

different ways. We were further limited by our reliance on pharmacy 

records (primary adherence), which do not necessarily correlate with 

patients taking the medication as prescribed (secondary adherence).47

Finally, the data do not allow differentiation between type 1 and 

type 2 diabetes, and it is likely that 5% to 10% of our sample have 

insulin-dependent diabetes,1 which has different expenditure 

and utilization patterns. We could not account for the similarity 

in prescription expenditures, given the differences in number of 

prescription purchases. Deeper analysis of all medications purchased 

would need to be required, and this would be limited by the lack 

of information on expenditure per prescription purchase. Given 

the limitations of MEPS data, future studies using administrative 

claims or electronic health records are needed to examine these 

questions further.

This was the first study that we know of to compare expenditure 

on specific health care services as a proportion of total expenditure. 

The significant strength of this study is its generalizability. The 

MEPS is a nationally representative survey. Although it is restricted 

to the noninstitutionalized population, only 4% of older Americans 

live in group settings48 and this population is unlikely to make a 

difference to the findings. A noted limitation of previous studies 

was the inclusion of both incident and prevalent cases of diabetes.7 

Ninety-five percent of our sample had received their diagnosis 

more than a year earlier, and time since diagnosis was controlled 

for in analyses, thus taking into account the increased costs and 

utilization associated with newly diagnosed disease.7 In addition, 

because we included only respondents who were in scope for the 

full panel, our results were not biased by censoring.

Implications

Plan managers can focus on improving patient engagement with 

an emphasis on targeted diabetes education and a particular focus 

on consequences of nonadherence; this could reduce barriers to 

appropriate medical management of diabetes3 and address racial 

disparities in medication use as “influenced by factors such as culture, 

provider bias, and patient trust in medical advice.”49 The latter, in 

particular, can be achieved by tailoring prescription “coverage policies, 

program designs, and quality initiatives” to those directly affected 

by racial disparities.49 Recently, managed care pharmacies and 

organizations have been rebuked for perpetuating racial disparities in 

medication use, which has prompted a call for deeper understanding 

and mitigation of social inequalities in medication use49 that are 

most often influenced by the enabling and need factors described 

in our findings. Managed care pharmacy experts need to address 

the enabling and need factors that are associated with adherence 

such as those identified here, as well as social support, enhanced 
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care coordination, increased trust in the medical establishment, 

and improved health literacy.50,51 From a policy perspective, there 

is a need to minimize racial disparities in medication use through 

internal and external reporting and quality improvement activities.49 

Lastly, steps to overcome the fragmented nature of the health care 

system, thus enabling more efficient communication between 

prescribers and pharmacies, also have the potential to increase 

adherence and improve health and wellness.52

On the other hand, health care providers can make better use of 

available tools to identify patients at higher risk of nonadherence, as 

well as utilize medication review and reconciliation tools for older 

adults. Recently, using an innovative Part D model, CMS capped out-

of-pocket spending at no more than $35 per month for beneficiaries2 

for lifesaving medications such as insulin, an essential therapy 

for appropriate medical management of diabetes. Nevertheless, 

plan managers can integrate sophisticated data analytics with a 

multidisciplinary approach to empower patients to be actively 

involved in their health care and to provide targeted assistance to 

overcome barriers to care, such as eliminating co-payments for 

chronic medications.12

CONCLUSIONS
To our knowledge, this is the first study to use MEPS data to address 

the cost implications of adherence to OHAs in older adults. Our 

finding that adherence does not affect the financial burden of disease 

might be explained by the increased costs of preventive medica-

tion and the increased comorbidity burden of these patients. Our 

finding that increased adherence is not associated with relatively 

higher use of preventive care and less use of reactive care is likely 

explained by unmeasured clinical factors in the population, as 

well as treatment inertia.

The repeated finding of low adherence to OHAs has urgent 

implications for practice, indicating that prescribers, pharmacists, 

and insurers need to be more proactive in ensuring that prescrip-

tion medications are refilled regularly. A targeted strategy may 

emphasize diabetes education, strengthening the implications 

of nonadherence in an equitable way that is personally relevant 

to older adults, and tailoring quality initiatives that can directly 

minimize racial disparities. n
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eAppendix 

 

eAppendix A. Mean and interquartile ranges for continuous covariates for adults aged 65 and 

over with diabetes from the Medical Expenditure Panel Survey, by adherence group, 2013-2017  

 

Weighted sample proportion a 

ALL MPR ≥ 80% 
Yes No 

n = 1269 
weighted n = 

6,605,672 

n = 801 
(61.6%) 

weighted n = 
4,106,506 

n = 478 
(38.4%) 

weighted n = 
2,564,519 

Median(IQR) 

Age 72.7 
(69.3 – 78.3) 

72.8 (69.5 – 
78.5) 

72.5 (69.2 – 
77.9) 

BMI 59.1 
(25.6 – 33.5) 

29.2 
(25.4 – 33.5) 

29.0 
(25.7 – 33.5) 

Number of non-diabetes drugs 
taken 

8.9 
(5.5 – 12.6) 

9.1 
(5.9 – 12.7) 

8.7 
(5.0 – 12.5) 

Number of diabetes drugs 
taken 

1.1 
(1.0 – 2.2) 

1.2 
(1.0 – 2.3) 

1.0 
(1.0 – 2.1) 

Years on diabetes drugs  4.8 
(0.9 – 11.2) 

5.0 
(1.2 – 12.3) 

4.6 
(0.6 - 9.9) 

Years since diabetes diagnosis 11.5 
(6.3-19.2) 

11.7 
(6.3-20.5) 

11.0 
(6.3– 17.1) 

MPR 89.7 
(68 .0 – 99.8 

99.7 
( 90.4 – 99.9) 

62.5 
(48.8 – 72.6) 

Number of MEPS priority 
conditions (excluding diabetes) 

2.9 
(1.9 – 4.2) 

3.0 
(2.0 – 4.4) 

2.8 
(1.7 – 4.0) 

 

a Weighted percentages represent the proportion of non-institutionalized U.S. adults who are and 

are not adherent at the MPR 80% Cut-off 

  



eAppendix B. 2 year expenditure comparisona among adherent and non-adherent respondents 

(MPR ≥ 90%) 

 

 

a Analysis performed in STATA with using survey-specific Gamma family generalized linear 

regression (GLM) model with log link function 

95% confidence intervals, means, interquartile ranges and p values can be seen in Supplement C 

* = statistically significant, p < 0.05 

Bold numbers = statistically significant, p < 0.05  
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eAppendix C. Comparisona of mean expenditureb between adherent and non-adherent MEPS 

respondents over full survey period 

Adherent MPR ≥ 80% 
 Yes(n = 801) No(n = 478) Unadjusted 

p 
Adjusted 

p c Variable Mean a 95%CL a Mean 95%CL 

Total expenditure $29,952 27,161-32,743 $24,872 21,623-28,122 0.02 0.01 
Prescribed medication $10,545 9,161-11,929 $8,747 6,636-10,859 0.15 0.02 
In-hospital $7,904 6,193-9,615 $6,841 5,146-8,536 0.34 0.08 
Office visits $5,948 5,208-6,687 $4,646 4,073-5,220 0.01 0.04 
Home health  $2,370 1,630-3,110 $1,670 1,185-2,156 0.02 0.13 
OPD visits  $1,367 1,084-1,650 $1,335 761-1,909 0.27 0.82 
Dental visits $720 575-866 $799 619-978 0.50 0.48 
Emergency room  $644 499-789 $393 285-501 0.01 0.00 
Other $344 251-437 $303 188-418 0.61 0.17 
Glasses/contact lenses $109 87-132 $138 102-173 0.23 0.11 

 

Adherent MPR ≥ 90% 
 Yes(n = 660) No(n = 619) Unadjusted 

p 
Adjusted 

p c Variable Mean a 95% CL a Mean 95% CL 

Total expenditure $30,097 27,209-32,984 $25,932 22,995-28,870 0.00 0.07 
Prescribed medication $10,799 9,147-12,451 $8,923 7,269-10,577 0.11 0.20 
In-hospital $7,679 5,932-9,425 $7,315 5,717-8,912 0.76 0.87 
Office visits $5,842 5,154-6,531 $5,058 4,356-5,760 0.12 0.09 
Home health  $2,640 1,746-3,533 $1,315 840-1,790 0.01 0.00 
OPD visits  $1,308 980-1,636 $1,657 1,271-2,042 0.18 0.32 
Dental visits $704 544-864 $796 625-966 0.45 0.74 
Emergency room  $652 490-814 $444 325-564 0.05 0.11 
Other $371 273-468 $287 190-384 0.30 0.33 
Glasses/contact lenses $102 80-125 $138 107-169 0.08 0.11 
       

NOTES Adults are noninstitutionalized civilians.  

MPR = Medication possession ratio 

OPD = Out-patient department 



a Analysis performed in STATA with using survey-specific Gamma family generalized linear 

regression (GLM) model with log link function 

b Adjusted to 2017 USD  

c Adjusted for age category, sex, race, Hispanic, marital status, poverty level, geographic region, 

self-reported health, self-reported mental health, insurance coverage, part D insurance coverage, 

private prescription medication coverage, BMI category, smoking status, polypharmacy, diet 

modifications, use of insulin, number of diabetes medications, number of non-diabetes 

medications, first year total expenditure and first year total prescription expenditure. 

 

 



 

 

* = statistically significant, p < 0.05 

Bold numbers = statistically significant, p < 0.05 



eAppendix D. Comparison of proportion of expenditure spent on healthcare services for 

adherent compared to non-adherent respondents. 

 

  

  

a Analysis performed in STATA with using survey-specific on Gamma family generalized linear 

regression (GLM) model with log link function 

 

   



eAppendix E. Utilization comparisona among adherent and non-adherent respondents (MPRb ≥ 

90%) 

 

 

aAnalysis performed in STATA with using survey-specific Poisson family GLM with log link 

function. 

bMPR = Medication Possession Ratio 

NOTES Adults are noninstitutionalized civilians. Utilization refers to number of reported events 

* = statistically significant, p < 0.05 

  



eAppendix F. Most common oral hypoglycemic agents (OHA) used by adults aged 65 and over, 

taking one OHA 

Drug name Frequency Percent Std Err Weighted 
Frequency Std Err  

Metformin 584 69.8 2.2 3,063,763 171,862 
Glipizide 97 9.9 1.25 433,381 55,818 
Glimepiride 57 6.0 0.98 261,476 44,223 
Sitagliptin 28 3.0 0.66 131,512 30,078 
Glyburide 14 2.5 0.95 111,107 42,795 
Antidiabetic 
Combinations 14 1.8 0.6 80,879 26,483 

Metformin-
Sitagliptin 12 0.9 0.28 40,034 12,360 

Pioglitazone 17 2.4 0.65 107,271 29,711 
Glyburide-
Metformin 9 1.1 0.44 48,068 19,348 

Linagliptin 10 1.3 0.58 57,572 25,530 
Canagliflozin 1 0.01 0.02 781 781 
Saxagliptin 4 0.5 0.26 21,172 11,308 
Dapagliflozin 1 0.5 0.46 20,356 20,356 
Empagliflozin 2 0.2 0.15 8,903 6,730 
Sglt-2 Inhibitors 0 . . . . 
Total 850 100    4,386,278  206,043  

 

 


	AJMC_10_2022_Karpes.pdf
	AJMC_10_2022_Karpes_eAppendix.pdf

