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Abstract

OBJECTIVE—To assess national trends in out-of-pocket (OOP) costs among adults aged 18–64 

years with diabetes in the U.S.

RESEARCH DESIGN AND METHODS—Using data from the 2001–2017 Medical 

Expenditure Panel Survey, we estimated total per person annual OOP costs (insurance premiums, 

prescription drug costs, inpatient and outpatient deductibles, copays, and other payments not 

covered by insurance) and high OOP cost rate, defined as the percentage of people with OOP 

spending >10% of their family’s pretax income. We examined trends overall, by subgroup 

(insurance type, income level, insulin use, size of patient’s employer, and whether the patient 

was enrolled in a high deductible health plan), and by type of service. Changes in trends were 

identified using joinpoint analysis; costs were adjusted to 2017 U.S. dollars.

RESULTS—From 2001 to 2017, OOP costs decreased 4.3%, from $4,328 to $4,139, and the high 

OOP cost rate fell 32%, from 28 to 19% (P < 0.001). Changes in the high OOP cost rate varied 

by subgroup, declining among those with public or no insurance and those with an income <200% 

of the federal poverty level (P < 0.001) but remaining stable among those with private insurance 

and higher income. Drug prescription OOP costs decreased among all subgroups (P < 0.001). 

Decreases in total (−$58 vs. −$37, P < 0.001) and prescription (−$79 vs. −$68, P < 0.001) OOP 

costs were higher among insulin users than noninsulin users.

CONCLUSIONS—OOP costs among U.S. nonelderly adults with diabetes declined, especially 

among those least able to afford them. Future studies may explore factors contributing to the 

decline in OOP costs and the impact on the quality of diabetes care and complication rates.

During 2010–2012, 25% of nonelderly U.S. adults reported that they had difficulty paying 

medical bills (1). High out-of-pocket (OOP) costs are associated with underuse of necessary 

health care services and poor treatment adherence (2–4), including not visiting health care 

Corresponding author: Ping Zhang, paz2@cdc.gov.
Author Contributions. Y.W. designed the study, analyzed the data, and wrote the manuscript. J.P. and R.L. contributed to discussion 
and reviewed and edited the manuscript. E.L. reviewed and edited the manuscript. P.Z. designed the study, contributed to discussion, 
and reviewed and edited the manuscript. Y.W. is the guarantor of this work, and as such, had full access to all the data in the study and 
takes responsibility for the integrity of the data and the accuracy of the data analysis.

This article contains supplementary material online at https://doi.org/10.2337/figshare.15108639.

Duality of Interest. No potential conflicts of interest relevant to this article were reported.

HHS Public Access
Author manuscript
Diabetes Care. Author manuscript; available in PMC 2022 October 18.

Published in final edited form as:
Diabetes Care. 2021 November ; 44(11): 2510–2517. doi:10.2337/dc20-2833.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://doi.org/10.2337/figshare.15108639


providers, a lower medication initiation rate, and skipping doses of necessary prescriptions 

(5), which could lead to negative health outcomes.

People with diabetes have a lower average income than those without diabetes (2,3) and 

are especially vulnerable to high OOP costs associated with managing diabetes and its 

complications (6,7). Direct medical costs of diabetes have increased by 240% during the 

past decade, especially the cost of medications; medication costs associated with glucose 

management in the United States increased from $16.9 billion to $57.6 billion (4). These 

increases and other costs of treating diabetes complications often lead to high OOP costs.

Recent changes in national health policy may have also impacted OOP costs for people 

with diabetes (1). Enacted in 2010, the Affordable Care Act (ACA) required people to 

purchase health insurance, allowed parents to cover their children through their private 

insurance until age 26 (8), expanded Medicaid coverage and provided subsidies to some 

low-income populations, and supported small businesses with tax credits for offering health 

care coverage (9). Many of these ACA policies were designed to ease the burden of health 

costs for individuals. Insurance coverage for nonelderly people with diabetes has increased 

substantially since its implementation (10). On the other hand, high-deductible health plans 

(HDHPs) have proliferated since ACA implementation (11,12). Previous studies reported 

larger OOP costs among those enrolled in HDHPs compared with those with low- or 

no-deductible plans (13–15). In addition, insulin plays a vital role in managing both type 1 

and type 2 diabetes. The number of patients on insulin treatment has increased during the 

past decade, and a higher proportion of patients use the more expensive insulin analog rather 

than the cheaper human insulin (16, 17). Wide adoption of HDHPs and increased use of 

insulin analog may increase the OOP costs for people with diabetes.

Two previous studies examined OOP cost trends among nonelderly people with diabetes 

through 2011 (16,17). No national studies have examined how the burden of OOP costs 

have changed since that time, despite transformations in the health insurance market and 

increasing costs of some diabetes medications. We examine recent national trends of OOP 

costs among nonelderly U.S. adults with diabetes. We also examine disparities in these costs 

by subpopulations and trends in these disparities.

RESEARCH DESIGN AND METHODS

Data Source and Study Population

We used data from the 2001–2017 Medical Expenditure Panel Survey, Household 

Component (MEPS-HC). MEPS is a nationally representative household survey of the U.S. 

civilian noninstitutionalized population sponsored by the Agency for Healthcare Research 

and Quality (18). We identified people with diabetes by the question, “Have you ever been 

told by a doctor or other health professional that you had diabetes?” We limited our study 

to people with diabetes who were aged 18–64 years because those aged ≥65 have different 

health care needs, income levels, and insurance types (16). Our study sample includes a 

total of 22,649 adults aged 18 to 64 years with diabetes from 2001 to 2017 with an annual 

sample size of 959 to 1,557. Our study sample represents ~4.8 million nonelderly persons 

with diagnosed diabetes in 2017.
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Outcome Variables

OOP Costs—We used the OOP amount paid by the family to represent the cost for persons 

with diabetes because members of families share resources and make collective decisions on 

health care needs. The family was defined according to the Current Population Survey (19). 

OOP costs were the total amount paid by the family for health care, including insurance 

premiums; patient share (deductibles, copays, coinsurance, and personal contributions from 

health savings accounts) of the payments for inpatient care, outpatient care, and prescription 

drugs partially covered by insurance; and payments not covered by insurance. Medicare Part 

B premiums for people aged 18–64 years are mostly paid by Medicaid or by disease-specific 

financial assistance programs, such as the Medicare End-Stage Renal Disease Program; 

therefore, these premiums were not included as OOP costs.

All costs were inflated to 2017 U.S. dollars by multiplying the ratio of the 2017 Consumer 

Price Index for all-urban consumers to the Consumer Price Index of the survey year (20). 

People with negative OOP costs or a value exceeding the family income were considered 

data errors and were excluded from the analysis.

High OOP Cost Rate—A person was considered to have high OOP costs if he or she 

lived in a family with annual OOP costs >10% of pretax family income. The rate of high 

OOP costs was the percentage of people with diabetes who had high OOP costs. We used 

pretax family income rather than disposable income because information on the amount paid 

in taxes was not available in MEPS; the choice of definition would not likely affect trends 

(21).

Subgroup Analysis

To pinpoint groups with increasing or decreasing OOP health care costs, we conducted 

subgroup analyses by type of health insurance, income level, and insulin use. For people 

with private health insurance, we also conducted subgroup analyses by the size of the 

patient’s employer and whether the patient was enrolled in an HDHP.

Insurance Type—We assigned three mutually exclusive insurance categories: uninsured, 

publicly insured, and privately insured. Uninsured were those who did not have insurance 

for any month of the survey year. Public insurance included Medicare, TRICARE, Medicaid, 

and other public hospital or physician coverage. If a person switched between public and 

private insurance, we used the insurance type they had for longest of the survey year.

Income Level—We defined four income categories based on federal poverty level (FPL), 

which combines household income and size: poor or near poor (<125% FPL), low income 

(125% to <200% FPL), middle income (200% to <400% FPL), and high income (≥400% 

FPL).

Insulin Use—The MEPS Diabetes Care Survey provided detailed treatment information, 

including insulin treatment (22). Those who reported not using insulin were treated with 

oral diabetes medications or lifestyle modification. Those who did not provide treatment 

information were excluded from this subgroup analysis but were included in other analyses.
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Employer Size (Private Insurance Only)—Respondents covered by private insurance 

reported the number of employees at their worksite; we defined employer size as small (<50 

employees) versus large (≥50 employees) (9). For those with more than one employer, we 

used the employer that provided their insurance for the longest period during the survey 

year. For unemployed respondents, employer size was determined by the working family 

member whose employer had the largest number of employees. Self-employed participants 

and unemployed participants without working family members were excluded from this 

subgroup analysis.

HDHPs (Private Insurance Only)—MEPS defines HDHPs based on the deduction 

threshold set by the Internal Revenue Service, determined annually based on the cost of 

living and whether the plan covers an individual or a family. In 2017, for example, this 

threshold was $1,300 minimum annual deductible and $6,550 maximum OOP for single-

level coverage and twice that for family-level coverage (23). We considered a person to have 

an HDHP if they had an HDHP for any part of the survey year. Data on this variable are 

presented from 2011 to 2017; MEPS did not collect HDHP information before that time.

Statistical Analysis

To assess trends in OOP costs and the rate of high OOP costs during the study period, 

we first used joinpoint regression analysis to identify the year(s) in which there were 

significant trend changes (24). Joinpoint regression analysis is a statistical model to identify 

and describe the occurrence of changes in distinct periods in trend data by connecting 

several segments at “joinpoints.” (24) The regression model started with zero joinpoints 

(fitting a linear regression) and then examined whether adding one joinpoint at a time would 

significantly improve the fitness of the model (up to three joinpoints) (24). Monte Carlo 

permutation was used to test the significance of the trend change (24). After the joinpoints 

were identified, the magnitude and direction of trend changes were estimated as the annual 

percentage change.

Linear changes over the entire study period were examined by ordinary least squares 

regression. The annual change rate was reported by the slope of the regression. We used t 
tests to assess differences between levels in subgroup analysis for insulin use, employer size, 

and HDHPs. Joinpoint analysis was performed using Surveillance Epidemiology and End 

Results (SEER) statistical software (Joinpoint Trend Analysis Software, version 4.7.0.0); 

all other analyses were performed using SAS 9.4 software. To account for the complex 

sampling design of MEPS, SAS survey procedures and MEPS person-level weights were 

used to generate a representative U.S. civilian noninstitutionalized population. Because 

information on insulin use was obtained from the Diabetes Care Survey portion of MEPS, 

estimates for insulin versus noninsulin user groups incorporate MEPS Diabetes Care Weight 

to adjust for nonresponse. MEPS administered a Diabetes Care Survey (DCS) for patients 

who reported that they had been diagnosed with diabetes to examine their checkups, 

complications, and treatment status. Insulin use status was asked in a DCS section, and 

MEPS suggests that the Diabetes Care Weight should be used for questions in the DCS 

section to adjust for DCS nonresponses and MEPS person-weights to adjust the number of 
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persons with diabetes in the U.S. civilian noninstitutionalized population. Differences were 

considered significant if P < 0.05.

Sensitivity Analysis—We conducted two one-way sensitivity analyses. In the first, we 

excluded patients covered by Medicare, because this group may have different health care 

needs than those not covered by Medicare. In the second, we excluded patients with more 

than one type of insurance to test more precisely the effect of insurance type.

RESULTS

Overall Population

Trends in total OOP and high OOP costs are shown in Fig. 1. Total OOP costs decreased 

significantly from 2001 to 2017 (−$35.7 per year on average; P = 0.009). By service 

types, OOP costs declined for prescriptions (−$50.9; P < 0.0001), increased for insurance 

premiums ($40.5; P < 0.0001), and did not change significantly for inpatient, outpatient, or 

other services (Fig. 2). From 2001 to 2017, the high OOP cost rate decreased by one-third, 

from 28 to 18% (Fig. 1); the linear trend test found a 0.6% annual decrease (P < 0001).

Joinpoint regression did not identify significant changes in overall trends of OOP costs 

in total or by service type or in the high OOP cost rate. Few joinpoints were identified 

in subgroup analyses described below; they were noted when found but not mentioned 

otherwise.

By Health Insurance Type

Linear trends in overall OOP costs varied by insurance type, decreasing among those with 

public insurance (−$104.3; P < 0.001) and no health insurance (−$93.8; P < 0.001) but 

increasing among those with private insurance ($49.9; P = 0.0002) (Supplementary Table 1).

By cost component, premiums increased among the privately insured ($92; P < 0.0001) 

and uninsured ($24; P < 0.0001), but there were no significant changes among those 

publicly insured. For prescription drug cost, two joinpoints were identified among those 

with private insurance, with costs increasing until 2006 and declining from 2006 to 2009; 

the decreasing trend after 2010 was not statistically significant. Linear trend tests found 

significant decreases in drug costs for all insurance types (P < 0.001 for each); the largest 

decrease was among those without health insurance (−$99, P < 0.001). For inpatient care, 

overall trends were not significant except for a decrease among patients with private 

insurance (−$11; P = 0.0024). For outpatient costs, two joinpoints were identified among 

those publicly insured, with decreases during 2001–2004 and 2008–2017 and increases 

during 2004–2008. Linear trend tests showed a decrease among patients with no insurance 

(−$19; P < 0.0001). There were no significant trend changes among those with private 

insurance.

Changes in the high OOP cost rate also varied by insurance type (Fig. 3), with decreases 

among those with public insurance (−0.017 per year; P < 0.0001) and no insurance (−0.012; 

P < 0.0001) but no significant changes among those with private insurance. Those with 
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private insurance had the lowest high OOP cost rate in the early years but the largest from 

2009 onward.

By Income Level

Linear trend analysis identified significant decreases in total OOP costs among the poor or 

near poor (−$109.5 per year, P < 0.001) and low-income group (−$114.5, P < 0.001) but 

no significant trend in the middle-income group. Total OOP costs increased significantly 

among those with high income ($48.0, P = 0.006). Details of OOP costs are shown in 

Supplementary Table 2.

In the low-income group, there was a 4.7% increase in premiums per year before 2010, 

followed by a statistically non-significant downward trend thereafter. Premiums increased 

significantly for the middle-income ($29; P = 0.0003) and high-income groups ($100; P < 

0.0001) but declined for those poor or near poor (—$9; P = 0.0041) and with low income 

(−$1; P < 0.0001). Linear trend tests showed significant decreases in prescription drug costs 

for all income groups (P < 0.001 for each), with the largest decreases among low-income 

participants (−$108, P < 0.001). There were slight declines in inpatient costs among the poor 

or near poor (−$3; P = 0.0148) and those with low income (−$3; P < 0.0001). Trends were 

not significant in the middle-income or high-income groups.

High OOP cost rates decreased among the poor or near poor (−2.4%; P < 0.0001) and 

low-income groups (−1.1%; P < 0.0001). No significant trends were identified among 

middle-income or high-income participants (Fig. 4).

By Insulin Use

High OOP cost rates declined significantly in those who use insulin as well as those who 

do not (P < 0.001 for both), although the rate was significantly higher among persons who 

use insulin (P < 0.001). Total OOP costs and costs for prescription drugs for both groups 

decreased (total OOP costs: −$58 [P = 0.0052] for insulin users vs. −$37 [P = 0.0044] for 

noninsulin users; prescription drugs: −$79 vs. −$68, P < 0.001 for both), whereas premiums 

significantly increased for both ($26 vs. $43, P < 0.001 for both). The high OOP cost 

rate, total OOP costs, and prescription costs were higher in the insulin group than in the 

noninsulin group (Supplementary Fig. 3).

By Employer Size (Private Insurance Only)

Joinpoint analysis identified one increasing trend change for OOP costs on premiums 

(increasing after 2003) and one decreasing trend change for OOP costs on prescription 

drugs (declining after 2005) among those employed by small employers.

The high OOP cost rate was higher among participants covered by small employers from 

2001 to 2015 but was not significantly different from those covered by large employers 

after 2015 (Supplementary Fig. 1). The rate declined significantly among patients covered 

by small employers across the study period (P < 0.0001) and did not change significantly 

among patients covered by large employers. Total OOP costs did not change significantly 

for the small employer group (−$37, P = 0.0514) and increased for the large employer group 
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($48, P = 0.0097). Premium costs increased among both groups, but the increase was much 

larger among those working for large employers ($86 [P < 0.0001] vs. $49 [P < 0.0001]). 

Prescription costs were higher among the small employer group before 2014 and were lower 

since 2015 compared with the large employer group.

By HDHP (Private Insurance, 2011–2017 Only)

The high OOP cost rate was significantly higher among those with HDHPs (P < 0.001) 

compared with those covered by traditional plans, with higher total OOP costs and higher 

costs in every service category except inpatient care in 2011 (P < 0.05 for each). No 

significant trends were identified (Supplementary Fig. 2).

Sensitivity Analyses

When people with Medicare insurance were excluded, the high OOP cost rate reduced by 

up to 3% each year. The trend in high OOP costs was not affected. By limiting private and 

public insurance coverage groups to those with full coverage through the year, the high OOP 

cost rate reduced slightly (within 1%) but trends did not change.

CONCLUSIONS

Changes in national health policy and the cost of diabetes care could affect the burden of 

OOP costs among nonelderly adults with diabetes. We found that the total OOP costs and 

the high OOP cost rate both declined, with no significant changes in these trends from 

2001 through 2017. Trends varied by subgroup, with costs declining among both insulin 

and noninsulin users and generally declining among the most vulnerable: those with public 

insurance or no insurance and those with incomes less than twice the federal poverty level.

At the beginning of the study period, privately insured adults with diabetes were less likely 

than those publicly insured or uninsured to have a high OOP cost rate. Since then, the 

high OOP cost rate remained stable among those with private insurance, while decreasing 

among those with public insurance and no insurance. By 2017, those with private insurance 

were more likely to have high OOP costs than those with public insurance or those without 

insurance. A decrease in OOP costs among patients with public insurance or no insurance, 

who are more vulnerable to such costs, could lead to improved access to care and better 

health outcomes; for example, one study among cancer patients showed that decreases in 

OOP costs improved care (25). However, the decrease in OOP costs could also imply a 

decrease in health care use among this population. Future studies could explore how changes 

in the burden of OOP costs are related to access to care and health care utilization among 

people with diabetes.

A similar trend was seen by income level. In 2001, the poor or near poor and low-income 

groups were more likely to have high OOP cost rates than those with middle- and high-

income levels, but by 2017, this disparity had decreased substantially. Implementation of 

ACA policies targeting the low-income population, especially Medicaid expansion, could 

have contributed to the decrease in OOP costs among the lower-income groups. Expansion 

to the Medicaid program was proposed to cover people with incomes <138% of FPL, but 

not all states opted to participate. For people with incomes 100–400% of FPL who are 
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not eligible for Medicaid, the federal government provides tax credits under the ACA to 

subsidize health insurance premiums purchased on the health care marketplace (9).

Throughout most of the study period, those working for small employers were more likely to 

have high OOP costs than those working for large employers. However, by 2017 these high 

OOP cost rates had become equivalent. Implementation of the ACA may have contributed to 

the OOP costs decline among workers at small employers. Under the ACA, employers with 

≥25 employees and average annual wages of <$50,000 were eligible for tax credits of up to 

50% to help them afford the cost of health care premiums, while employers with fewer than 

50 employees were offered with options to provide health plans through a Small Business 

Health Options Program Marketplace (9).

Although the cost of insulin has increased in recent years (19), OOP costs for prescription 

drugs among insulin users decreased during the study period, suggesting that other entities, 

such as insurers, insulin makers, or self-funded employers, may have borne the cost increase. 

Medicaid reimbursement for rapid-acting insulin analogs increased from $3.69 per unit in 

1997 to $19.81 per unit in 2014 (26), and many insulin manufacturers have increased their 

rebate programs to insurers (27). In addition, patients who cannot afford high-cost insulin 

may be more likely to skip doses, which could lead to lower OOP costs (28). Although 

insulin users consistently had higher OOP costs than nonusers, the declines were substantial 

among both groups.

While the cost of diabetes medications has more than doubled during the past decade (4), 

we found that OOP costs for prescriptions decreased, suggesting that the increase in drug 

costs did not translate into higher OOP costs. Among patients with Medicaid, the decrease 

could be attributed to a series of cost-containment strategies (17, 29–32) that gave patients 

and providers incentives to purchase or prescribe less expensive drugs and to acquire drugs 

from manufacturers at a lower price. Medicaid beneficiaries showed high-price sensitivity, 

which incentivized them to use less expensive drugs when possible (33), and generic drug 

use among Medicaid beneficiaries has been increasing in recent years (31). The decrease 

in OOP costs in 2006 among those with private insurance could be partially due to indirect 

benefit from implementation of Medicare Part D, as suggested in previous studies (34,35). 

More drugs have become generic and more patients use generic drugs, which tend to have a 

lower cost and could also have contributed to the lower OOP cost among those with private 

insurance (34,35).

We found that premium costs increased substantially overall and specifically among 

privately insured, partially uninsured, middle-income, and high-income populations, 

consistent with a National Conference of State Legislatures report on annual premium 

changes (36). Private health insurance premiums have increased since 1999, growing at 

a faster rate before ACA than after (37). As premiums often reflect a lagged underlying 

health care cost trend, the continuous increase in premium costs could be a result of the 

introduction of new technologies and medications into the health care market as well as the 

rapid expansion of medical facilities, which may have contributed to increases in national 

health care costs (38). In addition, implementation of ACA could have contributed to this 

premium increase by incor-porating previously uninsured people with worse health status 
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(39). Considering the decline in prescription drug cost, there might also be a substitution 

effect between cost of insurance premiums and other cost components, which future studies 

might explore.

This study has several limitations. First, MEPS only includes the civilian, 

noninstitutionalized population. Thus, our study results do not apply to the people with 

diabetes who are enlisted or living in nursing facilities or prisons. Diabetes was identified 

by self-report; however, self-reported diabetes has been shown to have 95% specificity 

compared with physician records (40). Third, OOP costs are affected by many factors, 

including health insurance policy, purchaser options, national and state health policies, and 

drug patent expiration. Future studies to examine how these factors contribute to trends in 

OOP costs may identify opportunities for potential intervention.

In conclusion, we found that OOP costs and high OOP cost rates among nonelderly adults 

with diabetes continued to decline from 2001 to 2017, especially among those least able to 

pay. Future studies may reveal whether these reductions in OOP costs have improved quality 

of diabetes care and have led to reductions in diabetes complications.
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Figure 1—. 
Total OOP costs and high OOP cost rate among U.S. adults with diagnosed diabetes, 2001–

2017. High OOP cost rate: percentage of patients living in a family of OOP cost >10% of 

family income.
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Figure 2—. 
Trend in OOP costs among U.S. adults with diagnosed diabetes by services type, 2001–

2017.
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Figure 3—. 
High OOP cost rate among U.S. adults with diagnosed diabetes, by insurance type, 2001–

2017. High OOP cost rate: percentage of patients living in a family with OOP costs >10% of 

family income.
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Figure 4—. 
High OOP cost rate among U.S. adults with diagnosed diabetes, by income level, 2001–

2017 High OOP cost rate: percentage of patients living in a family with OOP costs >10% of 

family income.
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