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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 pop-
ulation 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 depart-
ment 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, 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 sys-
tem into the VSD.

� 2017 Published by Elsevier Ltd.
1. Background

The Vaccine Safety Datalink (VSD) is an established collabora-
tion 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 Child-
hood 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 pro-
vides services to socioeconomically disadvantaged populations pri-
marily in the Denver, Colorado, metropolitan area. Safety net
health care institutions offer care to all patients regardless of abil-
ity 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].
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Below we discuss different approaches to identifying compara-
ble 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 pat-
terns may differ between a managed care organization and a safety
net health care system, and as utilization of emergency depart-
ment (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 infras-
tructure 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 pro-
grammed to identify gaps in coverage and recommend specific
vaccines at medical visits. The HealthTrac registry has a two-way
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, contribut-
ing 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 popula-
tions. 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 signifi-
cant 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 reposi-
tory 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 capa-
bility 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
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nurses, immunization advocates at every clinic and in every hospi-
tal 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 Tech-
nology (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 mem-
bers 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 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 ser-
vice 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 Depart-
ment 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, Med-
icaid Managed Care, Child Health Plan (CHP) and Employee
Health Plan (DHMP). However, due to data sharing restric-
tions 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 popula-
tion 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
a safety net health care system into the Vaccine Safety Datalink. Vaccine
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Table 1
Composition of different cohorts, September 1, 2013.

Cohort Health care system

Kaiser Permanente Colorado: N (%) Denver Health: N (%)

618 years >18 years Total 618 years >18 years Total

Empaneleda 97,793 (22.9) 328,810 (77.1) 426,603 54,157 (48.6) 57,173 (51.4) 111,330
Proxy-enrollmentb 91,107 (22.7) 309,865 (77.3) 400,972 48,594 (45.3) 58,664 (54.7) 107,258
Enrolledc 97,731 (21.2) 362,709 (78.8) 460,440
Enrolled and empaneled 83,651 (23.8) 268,358 (76.2) 352,009 24,933 (66.1) 12,811 (33.9) 37,744
Enrolled and proxy-enrollment 74,745 (23.7) 240,579 (76.3) 315,324 23,650 (63.5) 13,587 (36.5) 37,237

a Empaneled = seen for at least one primary care visit in past 18 months From 9/1/2013.
b Proxy-Enrollment = two ambulatory care visits (excluding ED and urgent care) in 3 years prior to 9/1/2013, separated by at least 90 days, with at least one visit being a

primary care visit.
c Enrolled = enrolled in managed care plan as of 9/1/2013.

Table 2
Vaccination rates for pediatric, adolescent, pregnant and senior populations in two health care systems.

Kaiser Permanente Colorado N (%) Denver Health N (%)

Pediatrics Vaccine(s) n = 5491 n = 3295
Combo 3a 4569 (83.2) 2862 (86.9)
Hepatitis A 4560 (83.0) 2817 (85.5)

Adolescents n = 27,986 n = 13,557
Tdap 24,682 (88.2) 12,568 (92.7)
MCV4 24,584 (87.8) 12,334 (91.0)
Tdap & MCV4 23,915 (85.5) 12,279 (90.6)
HPV 1 dose 17,875 (64.0) 11,774 (86.9)
HPV 3 doses 10,117 (36.2) 8069 (59.5)

Pregnant Women Tdap: Timing in relation to pregnancy n = 5677 n = 2197
27–36 weeks 2436 (42.9) 331 (15.1)
Any other time During pregnancy 484 (8.5) 238 (10.8)
At delivery 183 (3.2) 635 (28.9)

Seniors Pneumococcal n = 70,826 n = 6946
Vaccine 31,305 (44.2) 5899 (84.9)

Pediatric vaccines reflect rates for children aged 3 years as of the September 1st, 2013, reference date.
Adolescent vaccines reflect rates for patients aged 13–17 years as of the reference date.
Pregnancies were identified for women who became pregnant in the 18 months prior to the reference date. The timing of Tdap administration was determined based on last
menstrual period.
Pneumococcal vaccine status was determined for every patient age 65 years or older as of the reference date.
DTaP = Diphtheria/tetanus?(acellular) pertussis; IPV = inactivated poliovirus; MMR = measles/mumps/rubella; Hib = Haemophilus influenza type B; Hep B = hepatitis B;
VZV = varicella zoster virus; Tdap = Tetanus/diphtheria/acellular pertussis; MCV4 = meningococcal conjugate vaccine (quadrivalent); HPV = human papillomavirus; pneu-
mococcal vaccine = 23-valent polysaccharide pneumococcal vaccine.
All vaccines reflect empaneled cohorts in respective health care systems.

a Combo 3 series includes 4 DTP/DTaP, 3 IPV, 1 MMR, 3 Hib, 3HepB, 1VZV, and 4 Pneumococcal Conjugate vaccines.
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compared to the empaneled populations, with the pediatric popu-
lations showing the biggest decline using this cohort definition: 7%
less children at KPCO and 10% less at DH (Table 1). DH has a smal-
ler 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 popula-
tions 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.

We next compared vaccination rates in the two systems. Both
KPCO and DH had high levels of pediatric and adolescent vaccina-
tion 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 preg-
nancy, 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
Please cite this article in press as: Hambidge SJ et al. Integration of data from
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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
a safety net health care system into the Vaccine Safety Datalink. Vaccine
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Table 3
Empaneled cohort demographic characteristics in two health care systems.a

Characteristic Kaiser Permanente Colorado Denver Healthb

N (%) N (%)
Total (N = 426,603) <18 years P18 years Total (N = 111,330a)

Age
<18 years 97,793 (22.9) 55,435 (49.8)
P18 years 328,810 (77.1%) 55,892 (50.2)

Sex
Female 234,205 (54.9) 27,398 (49.4) 36,157 (64.7) 63,555 (57.1)
Male 192,398 (45.1) 28,037 (50.6) 19,735 (35.3) 47,772 (42.9)

Racec

Hispanic 69,536(16.3) 39,191 (70.7) 28,284 (50.6) 67,475 (60.6)
Black 20,903 (4.9) 7594 (13.7) 9946 (17.8) 17,540 (15.7)
White 312,273 (73.2) 6043 (10.9) 14,912 (26.7) 20,955 (18.8)
Other 23,889 (5.6) 2093 (3.8) 2568 (4.6) 4661 (4.2)
Unknown 4266 (0.01) 514 (0.9) 182 (0.3) 696 (0.6)

Preferred languagec

English 310,994 (72.9) 31,459 (56.8) 37,239 (66.6) 68,698 (61.7)
Spanish 6399 (1.5) 21,267 (38.4) 13,505 (24.2) 34,772 (31.2)
Other 4266 (1.0) 2624 (4.7) 3983 (7.1) 6607 (5.9)
Unknown 104,944 (24.6) 85 (0.15) 1165 (2.1) 1250 (1.1)

%Federal Poverty Levelc

0–100 74,228 (17.4) 40,706 (73.4) 37,999 (67.9) 78,705 (70.7)
101–150 39,674 (9.3) 2265 (4.1) 5066 (9.1) 7331 (6.6)
151–200 47,353 (11.1) 835 (1.5) 2485 (4.4) 3320 (2.7)
>200 265,347 (62.2) 814 (1.5) 2218 (3.9) 3032 (2.7)
Unknown 0 (0) 10,815 (19.5) 8124 (14.5) 18,939 (17.0)

a All comparisons between DH and KPCO totals are significant (p < 0.05) using Chi Square and approximate Z score testing.
b 3 DH members have some missing data.
c KPCO Race, Preferred Language, and Percent Federal Poverty Level categories are estimates from the GEMs (Geographically Enriched Member Socio-demographics)

Member and Population Demographics Report.

Table 4
Health care utilization rates of the empaneled cohorts by type of care.

Kaiser Permanente Colorado (N = 426,603) Denver Health (N = 111,330)

>18 Years N = 328,810 >18 Years N = 57,173
Type of care # of Visits # of Pts. Proportion of Pts using

services
Utilization
ratea

# of visits # of Pts. Proportion of Pts using
services

Utilization
ratea

Primary care 1,009,979 328,810 100.00% 2.05 209,755 57,173 100.00% 2.45
Emergent care 2936 2471 0.75% 0.01 20,248 11,951 20.90% 0.24
Urgent care 42,119 33,728 10.26% 0.09 27,087 15,640 27.36% 0.32
Medical

specialty
1,135,090 222,133 67.56% 2.30 184,681 33,424 58.46% 2.15

Inpatient 54,069 31,306 9.52% 0.11 14,895 9017 15.77% 0.17

618 Years N = 97,793 618 Years N = 54,157
Type of care # of Visits # of Pts. Proportion of Pts using

services
Utilization
rate

# of Visits # of Pts. Proportion of Pts using
services

Utilization
rate

Primary care 319,238 97,793 100.00% 2.18 163,243 54,157 100.00% 2.01
Emergent care 3726 2892 2.96% 0.03 4545 3807 7.03% 0.06
Urgent care 17,843 13,557 13.86% 0.12 19,894 12,246 22.61% 0.24
Medical

specialty
100,915 29,885 30.56% 0.69 30,137 9755 18.01% 0.37

Inpatient 8622 7477 7.65% 0.06 5839 5344 9.87% 0.07

Utilization rates represent average use per patient per year for that type of clinical service. Primary care utilization is 100% in both health care systems by design, as
‘‘empaneled” cohorts have at least one primary care visit in the past 18 months.

a All comparisons between DH and KPCO utilization rates are significant (p < 0.05) using approximate Z score testing.

4 S.J. Hambidge et al. / Vaccine xxx (2017) xxx–xxx
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,
Please cite this article in press as: Hambidge SJ et al. Integration of data from
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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 con-
cept 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
a safety net health care system into the Vaccine Safety Datalink. Vaccine

http://dx.doi.org/10.1016/j.vaccine.2017.01.027


S.J. Hambidge et al. / Vaccine xxx (2017) xxx–xxx 5
(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 dif-
fer at DH and KPCO.

It is important to note the challenges in defining an ‘‘enroll-
ment” cohort in health care delivery systems that are not tradi-
tional 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 shar-
ing 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 institu-
tions 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 feb-
rile seizures after measles-containing vaccines in children, but dif-
ferent rates for less serious events such as local reactions after
pneumococcal vaccination in adults [23].

In addition to defining comparable patient cohorts and under-
standing differences in vaccination rates, socio-demographic char-
acteristics, 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 VSD server ‘‘Hub”. In this way DH data
will be accessible to the VSD, but separately identified from KPCO
data.
Please cite this article in press as: Hambidge SJ et al. Integration of data from
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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 pro-
vide 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 character-
istics and health care utilization, and defining a method to com-
pare 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 immu-
nization 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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