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Abstract

Background: The burden of diabetes is exceptionally high among American Indian and Alaska 

Native peoples (AI/ANs). The Indian Health Service (IHS) and Tribal health programs provide 

education, case management, and advanced practice pharmacy (ECP) services for AI/ANs with 

diabetes to improve their health outcomes.

Objective: Evaluate patient outcomes associated with ECP use by AI/AN adults with diabetes.

Research Design: This observational study included the analysis of IHS data for fiscal 

years (FY) 2011–2013. Using propensity score models, we assessed FY2013 patient outcomes 

associated with FY2012 ECP use, controlling for FY2011 baseline characteristics.

Subjects: AI/AN adults with diabetes who used IHS and Tribal health services (n=28,578).
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Measures: We compared health status and hospital utilization outcomes for ECP users and 

non-users.

Results: Among adults with diabetes, ECP users, compared to non-users, had lower odds of 

high systolic blood pressure (OR=0.85, p<0.001) and high low-density lipoprotein cholesterol 

(OR=0.89, p<0.01). Among adults with diabetes absent cardiovascular disease (CVD) at baseline, 

3 or more ECP visits, compared to no visits, was associated with lower odds of CVD onset 

(OR=0.79, p<0.05). Among adults with diabetes and CVD, any ECP use was associated with 

lower odds of end-stage renal disease onset (OR=0.60, p<0.05). ECP users had lower odds of 1 or 

more hospitalizations (OR=0.80, p<0.001).

Conclusions: Findings on positive patient outcomes associated with ECP use by adults with 

diabetes may inform IHS and Tribal policies, funding, and enhancements to ECP services 

to reduce disparities between AI/ANs and other populations in diabetes-related morbidity and 

mortality.
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Introduction

American Indian and Alaska Native (AI/AN) peoples experience some of the greatest 

health disparities with respect to diabetes and related complications.1–5 The prevalence 

of diabetes among AI/ANs aged 18 years and older was 14.7% in 2017–2018, nearly 

double that of non-Hispanic whites and the highest among U.S. racial/ethnic groups.1 

The AI/AN all-cause mortality rate is 46% higher than that of non-Hispanic whites and 

is largely attributable to disparities in heart disease, stroke, diabetes, and kidney disease 

mortality.2,6–8 Additionally, diabetes and cardiovascular disease (CVD) contribute to higher 

rates of premature mortality.6–8

Many AI/ANs obtain health care through services funded by the Indian Health Service 

(IHS). The IHS service delivery system includes hospitals, clinics, and health programs 

operated by the federal government, Tribal organizations, and urban Indian health programs. 

Known collectively as I/T/Us, they serve approximately 2.6 million AI/ANs throughout 

the United States.9 IHS and Tribes support an array of services to implement IHS 

Standards of Care for diabetes to reduce complications among those with diabetes.10 

The Special Diabetes Program for Indians (SDPI) provides grants to over 300 I/T/Us 

and community-based programs to support diabetes prevention and treatment, including 

education, case management, and advanced practice pharmacy (ECP) services.5 Since 

SDPI’s implementation in 1998, intermediate clinical outcomes (e.g., blood glucose and 

cholesterol levels) among AI/AN adults with diabetes have improved;11 hospitalizations 

for uncontrolled diabetes have declined;12 and the incidence of diabetes-related end-stage 

renal disease (ESRD) has substantially decreased, as have estimated ESRD-related Medicare 

expenditures.13
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In non-AI/AN populations, ECP services have improved outcomes among individuals with 

diabetes.14–21 Information about the provision and use of ECP services among AI/ANs 

with diabetes who access I/T/U services is increasingly available.11,22–26 A 2014 study 

of the SDPI Healthy Heart demonstration project linked intensive case management with 

improvements in CVD risk factors among approximately 3,400 adults with diabetes.23 

Participants had reductions in high blood sugar, blood pressure, and cholesterol after 12 

months of case management services. Though the study documented a successful translation 

of an intensive case management program, it did not include a comparison population to 

provide context for the findings. Thus, information on patient outcomes associated with ECP 

utilization by adults with diabetes for a larger, more representative sample is needed to guide 

enhancements to ECP services and effectively allocate I/T/U resources.

This is particularly important as AI/ANs with diabetes who use I/T/U services require 

delivery models that can effectively address their risks and complex needs. IHS resources 

are strained due to limited per capita spending ($4,078 in fiscal year [FY] 2017).9,25 

Although this amount does not include all spending associated with patient care, it is 

substantially lower than per capita spending for the U.S. general population ($10,742) 

in 2017.27 IHS resources are further compromised by provider shortages and community

level factors that affect patient service use and health (e.g., low household income, rural 

geography).25,28–33

To add to this emerging literature, we evaluated patient outcomes associated with ECP 

utilization by analyzing IHS data for a large, geographically diverse group of AI/AN adults 

with diabetes (n=28,578). Using an observational design, we compared the health status and 

hospital utilization of ECP users to non-users to assess outcomes associated with using ECP 

services in addition to usual care (e.g., primary care and specialty services).

Methods

This study was approved by the IHS National Institutional Review Board (IRB), Tribal 

IRBs, and Tribal Councils and Authorities, in addition to the university’s IRB.

A. Data

This study was conducted using data extracted from a longitudinal data infrastructure that 

houses health status, service utilization, and treatment cost data for over 640,000 AI/ANs 

who live throughout the United States, representing nearly 30% of AI/ANs who use IHS 

services.24 The data infrastructure, created as the IHS Improving Health Care Delivery Data 
Project, is a synthesis of existing health data from multiple IHS platforms and includes data 

for FY2007-FY2013.

The data infrastructure includes information for a purposeful sample of AI/ANs who lived 

in 15 IHS Service Units. IHS Service Units, which are health service administrative units 

defined by geographic areas that include one or more health facilities, are located throughout 

the United States. One Service Unit is located in the East, 4 in the Northern Plains, 2 in 

the Southern Plains, 5 in the Southwest, 2 in the Pacific Coast, and 1 in Alaska.2 The IHS 

Data Project population was identified by geographic area, rather than by random sampling, 
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to create important community-level (e.g., drive time to services) and county-level (e.g., 

household income) measures not available elsewhere. Communities are defined geographic 

areas within Service Units (hereafter we refer to Service Units as project sites). Sources of 

IHS electronic data include the National Data Warehouse (NDW) for data on registration 

and services rendered by I/T providers and the Purchased/Referred Care (PRC) program for 

data on non-I/T services paid for by some IHS and Tribal health programs; PRC program 

data for other projects sites was obtained from the PRC fiscal intermediary. In this study, we 

refer to I/T services, rather than I/T/U services, since the urban Indian clinics located in the 

12 project sites included in the analysis provided very few ECP visits in FY2012. The IHS 

Data Project population is comparable to the national IHS service population in terms of age 

and sex.34

B. Study population

The study population included adults who 1) had diabetes in FY2011, 2) used I/T services 

during 3 consecutive fiscal years (FY2011-FY2013), and 3) lived in 1 of 12 project sites that 

provided ECP services and had complete data. Study population exclusion criteria included 

1) treatment for malignant cancer, a transplant, or ESRD (except for the analysis of onset 

of ESRD in FY2013) during FY2011-FY2013; 2) having missing data for community- and 

county-level variables; and 3) evidence of having died during FY2013.

C. Measures

Data for all measures were extracted from the IHS Data Project data infrastructure for 

FY2011-FY2013, except where noted.

Demographic and health status.—NDW data provided information on age, gender, 

and health insurance coverage in FY2011. Project specific algorithms, developed from 

national references, were used to identify adults with diabetes, CVD, and ESRD using 

ICD-9-CM diagnoses, procedure codes, medication use, and blood glucose control included 

in the NDW and PRC service utilization records.35–37 The diabetes and CVD measures were 

used to create 3 study cohorts: all adults with diabetes and 2 subgroups‒adults with diabetes 

absent CVD and adults with both diabetes and CVD.

SightlinesTM DxCG Risk Solutions software38 was used to identify patients diagnosed with 

other conditions (e.g., hypertension, renal disease). The DxCG software also provided a 

measure of morbidity burden (i.e., health risk score) for individuals based on their age, 

gender, and all diagnosed conditions. For each health status group, we categorized the risk 

scores into quartiles; adults with the lowest morbidity were assigned to quartile 1 and those 

with the highest morbidity to quartile 4.

Patient outcome measures included 5 diabetes management indicators. Based on IHS and 

national guidelines for diabetes management, diabetes management indicators include high 

hemoglobin A1c (≥ 8%), high systolic blood pressure (SBP, ≥ 140 mmHg), and high 

low-density lipoprotein (LDL) cholesterol (≥ 100 mg/dL).10,11,39 New or recurring onset of 

CVD was defined as having CVD during FY2013 with no diagnosis of the condition during 

O’Connell et al. Page 4

Med Care. Author manuscript; available in PMC 2022 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the previous 3 fiscal years. ESRD onset in FY2013 was assessed using data for all previous 

years (FY2007–2013).

Health service utilization.—ECP utilization was defined using I/T data on visits for 

individual or group diabetes education, provided by nurses or health educators in diabetes 

clinics; nutrition education; advanced practice pharmacy (APP); case management; and 

other types of education (e.g., smoking cessation, obesity). APP delivery models varied 

and could have included patient assessment, medication reconciliation, and health education 

conducted by certified pharmacists who may also have ordered laboratory tests and modified 

prescriptions under the supervision of a physician or as primary care providers.26,31,40,41 

Thus, ECP visits do not include education provided as part of other outpatient visits with 

physicians and mid-level providers (e.g., primary and specialty care visits). We created 2 

ECP utilization measures: any ECP use (a dichotomous measure) and level of ECP use (no 

visits, 1–2 visits, 3+ visits).

NDW I/T and PRC non-I/T inpatient data were combined to create 2 hospital inpatient 

utilization measures: 1 or more hospitalizations and total number of hospital inpatient 

days. I/T hospital data were used to create 2 additional measures: 1 or more potentially 

preventable hospitalizations24 and number of emergency department (ED) visits.

Facility, community, and county measures.—We created 2 measures of ECP access 

in FY2012. The facility ECP supply rate was calculated as the number of provided ECP 

visits divided by the number of adults living in the facility’s service area, defined by 

communities. Patient drive time to ECP services was estimated from a central location 

in each community to an I/T facility that provided ECP using geocodes (latitude and 

longitude).42

County-level measures of AI/AN educational attainment and household income were 

derived from 2010–2014 American Community Survey county-level data for AI/ANs who 

reported access to IHS services.43 The educational attainment measure is the percentage of 

adults aged 25 years and older who did not complete high school. We defined the percentage 

of households with low income as the percentage with incomes below 139% of the federal 

poverty level, a poverty level used in many states to determine one type of Medicaid 

eligibility.

D. Analysis

We used SAS® and Stata statistical software to conduct descriptive and multivariate 

analyses.44,45 This study employed an observational design to compare diabetes 

management and hospital utilization outcomes among ECP users and non-users. To address 

nonrandom assignment of patients to 2 groups based on FY2012 ECP use (i.e., ECP users 

and non-users), we used inverse probability of treatment weighted (IPTW) estimation.46,47 

IPTW is a statistical approach often used when considering causal effects in observational 

studies without randomization whereby the distributions of potential confounders between 

comparison groups are statistically balanced.47
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Equation 1 of the model estimated a patient’s propensity to use ECP services during 

FY2012, based on baseline (i.e., FY2011) patient and provider characteristics. Equation 

2 compared patient outcomes during FY2013 between FY2012 ECP users and non-users, 

after adjusting for the baseline differences between the comparison groups using IPTW 

estimation. To address residual confounding, Equation 2 also included baseline patient 

characteristics. The propensity models included fixed effects in both equations to control for 

variations across project sites.

We estimated 2 sets of propensity models. The first set examined patient outcomes 

associated with any ECP use, compared to no use, using logistic regression for Equation 

1. The second set estimated relationships between level of ECP use and patient outcomes 

using ordered logistic regression for Equation 1. For both sets, the specification of Equation 

2 varied by patient outcome. Binary outcomes were estimated using logistic regression; 

the number of ED visits and hospital inpatient days were modeled using negative binomial 

regression.

Results

Of all adults with diabetes, 28,578 adults met study inclusion and exclusion criteria. 

Additional information on the study sample is provided in the appendix. Statistical 

differences (p<0.001) were observed between ECP users and non-users in FY2011. 

Throughout this section, we first present results for all adults with diabetes. Next, we 

provide results for the subsamples absent CVD and with CVD, where noteworthy.

ECP users were older; had a higher prevalence of hypertension, CVD, and renal disease; 

and had a higher morbidity burden (Table 1). ECP users, compared to non-users, lived in 

communities where the mean drive time to a facility with ECP services was shorter (15.2 

and 22.5 minutes, p<0.001), and in counties where a smaller percentage of households had 

low household incomes (41.1% and 45.1%, p<0.001).

Adults with diabetes and CVD, compared to adults with diabetes absent CVD, were older 

and had higher rates of comorbidities. Despite this, many differences observed between ECP 

users and non-users among all adults with diabetes in FY2011 were also observed among 

adults with and without CVD.

During FY2012, 41.0% of adults with diabetes used ECP services (Table 2). Their average 

number of ECP visits was 2.8, with 68.6% having 1–2 visits, and 31.4% having 3 or more.

We compared FY2011 and FY2013 data for the 5 diabetes management and 4 hospital 

utilization outcome measures (Table 3). Between FY2011 and FY2013, the percentage of 

adults with diabetes with high SBP and high A1c increased. In contrast, the percentage 

with high LDL cholesterol decreased. Among adults with diabetes, a statistically lower 

percentage of ECP users, compared to non-users, had high SBP and high LDL cholesterol 

in FY2013. Although, there were no statistically significant differences by ECP user status 

among adults with diabetes in the percentage with high A1c in FY2013, the difference 

between FY2011 and FY2013 in the percent with high A1c was lower among ECP users.
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Changes in hospital service utilization between FY2011 and FY2013 also differed by ECP 

user status. Hospitalization and potentially preventable hospitalization results were similar 

among all adults with diabetes. In FY2011, a higher percentage of ECP users, compared 

to non-users, had 1 or more hospitalizations (10.3% compared to 8.8%, p<0.001) and 1 or 

more potentially preventable hospitalizations (2.6% compared to 2.1%, p<0.01). ECP users, 

compared to non-users, had statistically significant decreases between FY2011 and FY2013 

in both measures.

IPTW regression results on the associations of any ECP use and level of ECP use with 

patient outcomes are summarized in Tables 4 and 5, respectively. Among all adults with 

diabetes, use of ECP services, compared to no use, was associated with lower odds of having 

high SBP (OR=0.85, p<0.001) and high LDL cholesterol (OR=0.89, p<0.01) in FY2013. 

There was no statistical relationship between any use of ECP services and high A1c. Among 

adults absent CVD, there was no statistically significant association between any use of ECP, 

compared to no use, and onset of CVD during FY2013. Due to very low ESRD onset rates 

in FY2013 among all adults with diabetes and adults with diabetes absent CVD, we only 

evaluated the relationship between ECP use and ESRD onset among adults with diabetes 

and CVD. ECP users compared to non-users were found to have lower odds of ESRD onset 

during FY2013 (OR=0.60, p<0.05).

Among all adults with diabetes, ECP users compared to non-users had a statistically lower 

average number of ED visits (−0.08, p<0.01), and lower odds of 1 or more hospitalizations 

(0.80, p<0.001) and 1 or more potentially preventable hospitalizations (0.79, p<0.05). ECP 

use was significantly associated with fewer hospital inpatient days (−0.13, p<0.01).

We examined the relationships between ECP use, both any use and level of use, and 

patient outcomes for the 7 patient outcomes assessed for adults with and without CVD. The 

relationships between ECP use and patient outcomes was alike (i.e., significant association 

with improvement in patient outcome, no association) across these two health status groups 

for 4 of the 7 outcomes examined (i.e., high A1c, ED visits, 1 or more hospitalizations, 

hospital inpatient days).

The level of ECP use was significantly associated with improved patient outcomes for 

5 of the 9 outcomes assessed (e.g., high SBP, high LDL cholesterol, onset of CVD, 

potentially preventable hospitalizations, hospital inpatient days; Table 5). Among all adults 

with diabetes, 1–2 ECP visits and 3 or more ECP visits, compared to no visits, were 

each associated with lower odds of high SBP (OR=0.89 [p<0.05] and OR=0.74 [p<0.001], 

respectively), and 3 or more ECP visits was associated with lower odds of high SBP than 

1–2 visits (OR=0.82, p<0.05). Similarly, for high LDL cholesterol, adults with diabetes 

who had 3 or more visits, as compared to no visits, and patients with 3 or more visits, as 

compared to 1–2 visits, had lower odds of high LDL cholesterol (OR=0.77 [p<0.001] and 

OR=0.83 [p<0.05], respectively).

ECP use, compared to no use, was not associated with lower onset of CVD or lower odds 

of 1 or more potentially preventable hospitalizations among adults absent CVD. However, 

among these adults, those who had 3 or more ECP visits, compared to those with no visits, 
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had lower odds of CVD onset (OR=0.79, p<0.05) and lower odds of 1 or more potentially 

preventable hospitalizations (OR=0.65, p<0.05). Among all adults with diabetes, patients 

who had 3 or more visits, as compared to no visits, and patients who had 3 or more visits, 

as compared to 1–2 visits, had fewer hospital inpatient days (−0.23, [p<0.001] and −0.14 

[p<0.05], respectively).

Discussion

This is the first large scale study, to our knowledge, to evaluate patient outcomes associated 

with ECP utilization among AI/ANs with diabetes. We found ECP use was associated with 

improvements in blood pressure and cholesterol control, lower odds of CVD and ESRD 

onset, and reductions in hospital emergency department and inpatient utilization. While 

we did not observe an association between ECP use and glycemic control in FY2013, 

there were a number of factors that could have influenced this finding, including a larger 

percentage of ECP users having high A1c at baseline (FY2011). Due to the importance of 

controlling blood sugar levels, future research on provider referrals to ECP and how blood 

sugar control is addressed during ECP and other outpatient visits is warranted.

Despite differences in age and morbidity burden between adults with diabetes absent CVD 

and with CVD, we found similar relationships between ECP use and patient outcomes 

across these 2 health status groups for 4 of the 7 outcomes examined. In addition, the 

findings suggest that higher levels of ECP use (i.e., 3 or more ECP visits) were associated 

with improved outcomes for 5 of the 9 outcomes assessed.

Our study has limitations that merit consideration. First, due to the observational design, 

residual confounding related to patient self-selection to ECP use could account for some 

of the observed associations. Propensity score models, such as IPTW regression, control 

for observable confounders (e.g., health status, drive time to services), but there may have 

been important unobserved provider and patient characteristics associated with ECP use and 

patient outcomes that could have biased our results. For example, coordination between ECP 

and primary care providers may vary across project sites, with higher coordination levels 

likely benefiting patients. Patient motivation to maintain or improve one’s health status 

may not only influence ECP use but also patient outcomes. Thus, lacking measures of site 

coordination, patient motivation, and other confounding factors, we may have overestimated 

the influence of ECP use on patient outcomes. Future quasi-experiment or randomized 

clinical trials designed to test the effects of ECP use among AI/ANs are needed to validate 

our findings.

Many previous ECP effectiveness studies evaluated interventions designed to provide more 

than 3 visits during a time period, typically a 12-month period.14–21 For example, SDPI 

Healthy Heart demonstration project participants had, on average, 7 case management visits 

during the first program year, and those with more visits experienced significantly greater 

improvements in some outcomes.23 The average number of ECP visits among ECP users 

in this study was 2.8. We assessed ECP use during the 12 months of FY2012 and did not 

account for ECP use prior to or after FY2012. We may assess ECP use during individually 

defined time periods in future studies. Although we employed an algorithm to identify 
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ECP visits that allowed for project site specific adjustments, we may not have identified all 

provided ECP visits. Finally, we assessed outcomes during a 12-month follow-up period, 

and the results concerning onset of CVD and ESRD were borderline (i.e., p<0.05). Longer 

time periods could be used to understand the extent to which ECP use may mitigate the 

onset of these conditions.

Other study limitations pertain to the nature of the IHS Data Project data. We reported the 

prevalence of conditions based on diagnoses included in medical service utilization records. 

While this method allowed us to include a large number of AI/ANs in the analysis, we 

did not have the detail and accuracy of medical records. These data include information 

for services provided by I/T programs or were paid by the PRC program. We did not have 

data on other services used by the study population, and financial and geographic access to 

other services (e.g., non-I/T specialty services) varied across project sites. This limitation 

may have biased downward morbidity measures, a bias which likely varied across the sites. 

Sites also varied by the types of services provided (e.g., specialty outpatient and inpatient 

services), PRC service utilization, funding and completeness of data. While software issues 

contributed to missing data at some sites, there may have been a relationship between 

missing data and quality of care. It is difficult to predict the influence of these limitations 

on study findings. An ECP cost-effectiveness analysis was beyond the scope of this study. 

However, our subsequent work will assess ECP costs, savings, and cost-effectiveness. Lastly, 

our study population represents a large proportion of AI/ANs eligible for I/T health services. 

Nevertheless, findings may not reflect the health status of AI/AN peoples who live elsewhere 

or who do not obtain health services from I/T providers.11,33

Despite these limitations, we were able to analyze existing IHS/Tribal electronic health 

data to evaluate ECP utilization for a large and geographically representative sample of 

adults with diabetes. Findings on positive patient outcomes associated with ECP utilization 

by adults with diabetes may inform IHS/Tribal policies, funding, and enhancements to 

ECP services and improve patient knowledge of ECP services, and ultimately contribute 

to reducing disparities between AI/ANs and other populations in diabetes-related morbidity 

and mortality.
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Refer to Web version on PubMed Central for supplementary material.
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