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Abstract

Background: In 2013 the Institute of Medicine suggested that the Vaccine Safety DataLink 

(VSD) should broaden its population by including data of more patients from low income and 

racially and ethnically diverse backgrounds. In response, Kaiser Permanente Colorado (KPCO) 

partnered with Denver Health (DH), an integrated safety net health care system, to explore the 

integration of DH data.

Methods: We compared three different methods (reference date of September 1, 2013): 

“Empanelment” (any patient who has had a primary care visit in the past 18 months), “Proxy-

enrollment” (two health care visits in 3 years separated by 90 days), and “Enrollment” in a 

managed care plan. For each of these methods, we compared cohort size, vaccination rates, socio-

demographic characteristics, and health care utilization.

Results: The empaneled population at DH provided the best comparison to KPCO. DH’s 

empaneled population was 111,330 (57,173 adults; 54,157 children), while KPCO had 436,290 

empaneled patients (336,462 adults; 99,828 children). Vaccination rates in both health care 

systems for empaneled patients were comparable. Two year-old up-to-date coverage rates were 

83.2% (KPCO) and 86.9% (DH); rates for adolescent Tdap and MCV4 were 85.5% (KPCO) and 

90.6% (DH). There were significant differences in the two populations in age, gender, race, 

preferred language, and % Federal Poverty Level (FPL) (DH 70.7% < 100% FPL; KPCO 17.4%), 

as well as in healthcare utilization – for example pediatric emergency department utilization was 

twice as high at DH.

Conclusions: Using a cohort of “empaneled” patients, it is possible to integrate data from a 

safety net health care system that does not have a uniform managed care population into the VSD, 
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and to compare vaccination rates, socio-demographic characteristics, and health care utilization 

across the two systems. The KPCO-DH collaboration may serve as a model for incorporating data 

from a safety net healthcare system into the VSD.

Keywords

Vaccine safety; Safety net health system; Population surveillance

1. Background

The Vaccine Safety Datalink (VSD) is an established collaboration of nine integrated 

healthcare delivery systems and health plans which uses electronic health record (EHR) data 

to conduct observational studies of vaccine safety [1–5]. In January 2013, the Institute of 

Medicine published a report entitled “The Childhood Immunization Schedule and Safety: 

Stakeholder Concerns, Scientific Evidence, and Future Studies.” [6]. The report encouraged 

the VSD to expand collaborations with new partners in order to increase study population 

diversity, in particular by increasing the number of patients with low incomes or from racial 

and ethnic minority backgrounds. In response, Kaiser Permanente Colorado (KPCO), a VSD 

site for over 14 years, collaborated with Denver Health (DH), an integrated safety net health 

care system that provides services to socioeconomically disadvantaged populations 

primarily in the Denver, Colorado, metropolitan area. Safety net health care institutions offer 

care to all patients regardless of ability to pay, and a substantial share of their patients are 

uninsured or have Medicaid [7]. An integrated health care delivery system is an organized, 

coordinated network that provides a vertical continuum of services to a particular patient 

population or community [8].

Below we discuss different approaches to identifying comparable patient cohorts at DH and 

KPCO, and compare vaccination rates and socio-demographic characteristics in the two 

systems. Finally, we examine baseline health care utilization rates. Utilization patterns may 

differ between a managed care organization and a safety net health care system, and as 

utilization of emergency department (ED) and hospital services are often settings for 

identifying important outcome diagnoses in vaccine safety studies, it is critical to understand 

these differences and their potential impact prior to incorporating safety net data into the 

VSD.

2. Methods

2.1. Setting and data sources

KPCO is an integrated health care delivery system that provides health care to over 600,000 

members in Colorado’s Front Range [9]. For routine patient management KPCO utilizes 

HealthConnect, the Hyperspace version of the Epic Systems Corporation’s outpatient, fully 

integrated, electronic health record (EHR). KPCO’s EHR infrastructure captures all vaccines 

administered in KPCO clinics and contracted facilities across the Colorado region as well as 

historical vaccinations reported by members. All vaccine data within the KPCO EHR is 

pulled into the HealthTrac registry, which is then programmed to identify gaps in coverage 

and recommend specific vaccines at medical visits. The HealthTrac registry has a two-way 
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interface with Colorado’s state immunization registry, the first in Colorado. The data 

collected includes vaccine type, date of vaccine administration, vaccine manufacturer and lot 

number. KPCO VSD data were used to identify health care utilization, vaccine uptake, 

pregnancy information, gender, and age. Patient race, preferred language, and percent 

federal poverty level were estimated from the KPCO Geographically Enriched Member 

Socio-Demographics (GEMS) Member and Population report, which utilizes geocoding to 

calculate these variables based on residence address. KPCO has been a leader in the field of 

vaccine safety with the VSD, contributing to over 100 articles in the field, and routinely has 

the highest immunization rates in the state for all health plans.

DH [10–13] is an integrated urban safety net health system that includes a 477-bed hospital, 

three urgent care centers, seventeen school-based clinics, and nine federally qualified 

community health centers (FQHCs). DH’s Community Health Services provide services to 

25% of Denver residents, 35% of Denver’s children, and a large proportion of Denver’s 

indigent and minority populations. One third of the births in Denver each year occur at DH 

(3000–3500 per year). Although a substantial proportion of DH’s patients are in public 

capitated insurance plans such as Medicaid Managed Care and the Child Health Insurance 

Program, a significant number of patients are covered by fee-for-service programs such as 

non-managed care Medicaid. Like Kaiser Permanente, DH is an integrated system that 

provides full spectrum health care including primary, specialty, urgent, and emergency 

department (ED) care, as well as hospitalization services. Unlike KPCO, DH owns its own 

hospital.

DH implemented its first electronic vaccine registry in 1996, and updated the registry in 

2003 to a web-based application named VaxTrax. Until April 2016, the registry served as a 

repository for all vaccine inventory and administration in the DH system, for both children 

and adults. Data from VaxTrax are transmitted nightly via secure electronic communication 

to the Colorado Immunization Information System (CIIS). All DH clinics have capability to 

query CIIS to obtain vaccine data for immunizations given outside of the DH system. DH 

has a robust immunization program that consists of an agency-wide immunization policy 

and quality committee, a lead immunization nurse and team of outreach nurses, 

immunization advocates at every clinic and in every hospital unit, and a customized 

immunization registry. Due to the impact of the comprehensive immunization program and 

registry [14], DH’s immunization rates typically exceed national averages by substantial 

margins [15–17].

Historically, DH had a partial EHR with robust patient registries but hand-written medical 

notes. On April 9th, 2016, DH switched to Epic Systems as its EHR in the ambulatory, ED/

urgent care, and hospital settings, and as the platform for its immunization application. As 

an early adopter of Healthcare Information Technology (HIT), DH is a Level 5 HIT 

enterprise, and one of the nation’s “most wired” health systems [18,19].

2.2. Cohort creation

Currently, all VSD sites including KPCO utilize data from members enrolled in their health 

plans. As DH has a mix of capitated (i.e., payment to a physician or group of physicians is a 

set amount for each enrolled person assigned to them, per period of time, whether or not that 
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person seeks care) and fee-for-service patients they frequently use health care utilization to 

define their patient populations. We compared KPCO and DH populations using three 

different methods of defining patient cohorts. For each method, we chose September 1, 

2013, as our reference date (details below).

1. Empanelment: A patient who accessed any primary care service at least once in 

the 18 months prior to the referent date (from 3/1/2012 to 9/1/2013) was 

considered to be an empaneled or active patient [20]. A primary care visit was 

defined as any encounter in the Family Medicine, General Internal Medicine, or 

General Pediatrics divisions.

2. Proxy-Enrollment: This cohort included patients with two ambulatory visits 

(excluding visits in the Emergency Department and urgent care) in the 3 years 

prior to Sept 1, 2013 (from 9/1/2010 to 9/1/2013) separated by at least 90 days, 

with at least one of the visits being a primary care visit [21].

3. Enrollment: Long used as the standard definition of an active patient in the VSD, 

“enrollment” in one of KPCO’s health plans defines membership in this cohort. 

This group included all members enrolled at KPCO as of September 1, 2013. At 

DH, this group included members with managed care payer sources including 

Medicare Managed Care, Medicaid Managed Care, Child Health Plan (CHP) and 

Employee Health Plan (DHMP). However, due to data sharing restrictions 

between DH’s delivery system and its health plan, we could only obtain managed 

care enrollment data from those patients who were represented in the empaneled 

or the proxy-enrollment cohorts.

2.3. Statistical analysis

Demographic characteristics were compared using Chi Square and approximate Z score 

testing. Health care utilization rates were compared using approximate Z score testing.

3. Results

We first compared 3 different methods of identifying a population cohort in each of the 

health care systems: empanelment, proxy-enrollment, and enrollment in managed care. 

Empaneled patients (those seen at least once in a primary care clinic in the past 18 months) 

numbered 426, 603 at Kaiser Colorado, and 111,330 at Denver Health (Table 1). DH did 

have a much higher percentage of children and adolescents: 48.6% compared to 22.9% at 

KPCO. The proxy-enrollment populations were smaller in size compared to the empaneled 

populations, with the pediatric populations showing the biggest decline using this cohort 

definition: 7% less children at KPCO and 10% less at DH (Table 1). DH has a smaller 

enrolled managed care population than KPCO. In addition, not all of DH’s managed care 

patients receive healthcare at Denver Health. Therefore we only examined DH’s managed 

care populations who met criteria for either enrolled and empaneled (37,744 patients) or 

enrolled and proxy-enrolled (37,237). Because of the low number of enrolled managed care 

patients at DH, and because of the smaller number of children using the proxy-enrollment 

method, we chose to use empanelment as the best way to define the comparative cohorts in 

the two health care systems.
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We next compared vaccination rates in the two systems. Both KPCO and DH had high levels 

of pediatric and adolescent vaccination rates, although DH had higher levels of human 

papillomavirus vaccination (Table 2). Both systems had similar rates of Tdap administration 

to pregnant women (54.6% and 54.8%), but KPCO had higher rates of administration during 

27–36 weeks of pregnancy, which is the preferred time for vaccination [22]. DH had higher 

rates of vaccination for pneumococcal vaccine in patients 65 years of age and older. 

Vaccination rates were quite similar across the different patient cohorts, although KPCO’s 

enrolled cohort had somewhat lower pediatric and adolescent vaccination rates than the 

empaneled and proxy-enrollment cohorts (data not shown), likely reflecting enrolled patients 

who received health care outside of KPCO.

The socio-demographic characteristics of patients in the two systems were quite different 

(Table 3). At DH, the majority of the empaneled patients were of Hispanic ethnicity 

(60.6%), with 34.8% of the cohort self-identified as preferring to speak Spanish. Only 1.5% 

of the population had income that was above 200% of the federal poverty level (FPL) 

($22,980 for an individual or $47,100 for a family of four in 2013). At KPCO, 16.3% of 

empaneled patients were Hispanic, 1.5% preferred to speak Spanish, and 62.2% were above 

200% of the federal poverty level.

We next examined health care utilization patterns in the two systems. Adult patients at DH 

had much higher rates of ED and urgent care utilization than patients from KPCO (Table 4). 

Primary care utilization rates at DH were 19.5% greater than KPCO, and inpatient utilization 

was 54.5% higher; specialty care utilization was 6.5% lower than at KPCO. Pediatric 

utilization rates were more similar across the two systems, but rates of ED and urgent care 

use were still twice as great at DH (Table 4). Pediatric primary care rates were slightly lower 

at DH (2.01 visits per year per patient compared to 2.18 at KPCO), while pediatric specialty 

visit rates were 86.5% greater at KPCO (all differences significant at p < 0.05). Pediatric 

inpatient utilization was similar across DH and KPCO.

4. Discussion

Given the encouragement from the Institute of Medicine to expand populations within the 

VSD to include populations of lower income and higher percentages of racial and ethnic 

minorities, safety net institutions such as DH could be natural partners with existing VSD 

sites. In preparation for incorporating data from a safety net health system into the VSD, we 

compared two health care systems in Denver, Colorado: DH and KPCO. We found that using 

a cohort of “empaneled” patients was the most meaningful way to compare data between 

DH and KPCO. In addition, the concept of empanelment [20] is central to defining patient 

populations in safety net health care systems across the U.S., and therefore key in comparing 

vaccination and health care utilization rates in these organizations. In general, both systems 

had high vaccination rates (in fact, DH and KPCO routinely have the highest reported 

Health-care Effectiveness Data and Information Set (HEDIS) measures for childhood 

vaccination in the state of Colorado) (DH internal data), but very different socio-

demographic characteristics in their patients. Importantly, baseline health care utilization 

patterns differ at DH and KPCO.
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It is important to note the challenges in defining an “enrollment” cohort in health care 

delivery systems that are not traditional MCOs. At Kaiser and within the VSD in general, 

enrollment in the health plan has long been used to define patient cohorts. However, in an 

integrated safety net institution such as DH, only a portion of patients are enrolled in a 

managed care health plan. For this reason, even though DH manages its own health plan, 

there are patient privacy regulations in place to prevent the sharing of data between the 

health plan and the health care delivery system except for patients who are active patients at 

DH. Therefore a health system such as DH must rely on “empanelment” rather than 

“enrollment” to define its patient cohorts. For this project, we therefore also defined an 

empaneled cohort at KPCO in order to compare the two systems, and would suggest that 

empanelment provides a rational approach to incorporate data from safety net systems into 

the VSD.

It does appear that, despite differences in socio-demographic characteristics, immunization 

rates in general are quite similar across DH and KPCO. However, health care utilization 

rates are quite different, especially given the high rates of ED and urgent care utilization at 

DH. Because health care utilization is often used as an outcome metric in vaccine safety 

studies, it is critical to understand these baseline patterns if data from safety net institutions 

are to be included in making the VSD data more generalizable.

The higher adult inpatient utilization rates may well reflect the increased morbidity and 

chronic disease complexity that comes with poverty, as well as the higher levels of substance 

abuse and behavioral health diagnoses in a safety net population. The much higher ED and 

urgent care utilization patterns at DH likely reflect the lack of financial barriers to these 

levels of service. Patients with Medicaid, for example, have no co-pay for ED or urgent care; 

at Kaiser in contrast co-pays for urgent care can run $50–$100, and for emergency care 

$150–$300.

The implications of this work are as follows. First, it is possible to define a cohort of patients 

in a safety net health care system which has a majority of non-capitated patients and that can 

be used to compare vaccination rates and health care utilization rates with other health care 

systems. Second, vaccination rates in the safety net system were at least as high as at KPCO. 

Third, health care utilization rates are different in key areas used in vaccine safety studies, 

especially adult ED and hospitalization rates. These differences must be accounted for when 

using data from a safety net system in larger vaccine safety studies. Of note, a recent study 

compares rates for specific vaccine adverse events between DH and KPCO, and finds similar 

rates for more serious events such as febrile seizures after measles-containing vaccines in 

children, but different rates for less serious events such as local reactions after pneumococcal 

vaccination in adults [23].

In addition to defining comparable patient cohorts and understanding differences in 

vaccination rates, socio-demographic characteristics, and health care utilization, it is 

important to consider how to make DH data accessible to investigators in the VSD. Because 

of the differences noted above, we have elected not to merge DH data with data from KPCO. 

Rather, our plan in the next phase of this project to create vaccine tables for a Virtual Data 

Warehouse (VDW). The VDW would permit federated queries for data via the pre-existing 
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VSD server “Hub”. In this way DH data will be accessible to the VSD, but separately 

identified from KPCO data.

There are a number of limitations to this study. First, the method of empanelment may not 

identify all “active” patients, and results could vary if different time frames (e.g., 12 or 24 

months) were used instead of 18 months. However, it does provide a rational method to 

compare populations across health care systems, and is used by safety net systems across the 

U.S. Second, geographic variables at KPCO were based on geocodes and not individual-

level information. Third, health care utilization does vary between safety net institutions and 

integrated health care systems such as KPCO, and this variation creates challenges for 

establishing outcomes for vaccine safety studies. Understanding this variation was one of the 

goals of this project. Strengths of this study include defining differences in socio-

demographic characteristics and health care utilization, and defining a method to compare 

populations, at a safety net system (DH) and an integrated health care system (KPCO).

In summary, we have identified a method (empanelment) to compare patient cohorts at DH, 

a safety net health care delivery system, and KPCO, a long-time participant in the VSD. DH 

provides a high level of patient diversity, and has good capture of immunization data. It is 

important to understand differences in baseline health care utilization rates across the two 

systems prior to embarking on joint vaccine safety studies.
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