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Abstract

Objective—To evaluate the participants in the Mayo Clinic Biobank for their representativeness

to the entire Employee and Community Health (ECH) primary care population with regards to

hospital utilization.

Patient and Methods—Participants enrolled in the Mayo Clinic Biobank from April 1, 2009, to

December 31, 2010, were linked to ECH panels. Subjects were categorized into risk tiers (0–4)

based on the number of health conditions as of December 31, 2010. Outcomes were ascertained

through December 31, 2011. Hazard ratios (HR) and 95% confidence intervals (CI) for risk of

hospitalization, ER visits, and 30-day re-hospitalization were estimated using Cox regression,

accounting for age and sex.

Results—The 8,927 Biobank participants were part of an ECH panel (N=84,872). Compared to

all of ECH, the Biobank-ECH participants were more likely to be female (64% vs 55%), older

(median age of 58 years vs 47 years), and have a lower percentage in tier 0 (6% vs 24%). There

were strong positive associations of tier (4 vs 0/1) with risk of hospitalization (HR=5.8; 95% CI,

4.6–7.5) and ER visits (HR=5.4; 95% CI, 4.2–6.8), among Biobank-ECH participants. Similar

associations for risk of hospitalization (HR=8.5; 95% CI, 7.8–9.3) and ER visits (HR=6.9; 95%CI,

6.4–7.5) were observed for all of ECH.

Conclusion—Biobank-ECH participants were older and had more chronic conditions compared

to the ECH panel. Nevertheless, the associations of risk tier with utilization outcomes were

similar, supporting the use of the Biobank-ECH participants for assessing biomarkers for health

care outcomes in the primary care setting.
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INTRODUCTION

Clinicians, hospitals, and researchers are actively evaluating methods of reducing

hospitalization and re-hospitalization within managed populations, particularly primary care

populations.1 The design of health care exchanges within the Affordable Care Act will make

the issues of risk stratification important as more patients are managed through a capitated

payment system or have penalties for readmission.2,3 One of the most commonly used

methods of risk stratification is the assignment of medical tiers involving a higher tier with

an increasing number of comorbid health deficits.4,5 Risk stratification often uses data

obtained from administrative billing data from an electronic medical record.6,7 While such

approaches are fairly robust, they are limited to recorded diagnoses and do not integrate new

biology and biomarkers that are rapidly being developed and translated to clinical practice.

Biobanks are critical for biomarker discovery and translation, but few are used in primary

care. The Mayo Clinic Center for Individualized Medicine has initiated the Mayo Clinic

Biobank, a prospective cohort of Mayo Clinic patients enrolled from multiple departments,

irrespective of disease history at enrollment. A large number of participants in the Biobank

are enrolled from primary care clinics. To identify and build an infrastructure for biomarker

research in primary care populations, we identified participants in the Mayo Clinic Biobank

who received their primary care at Mayo Clinic in Rochester as part of the Employee and

Community Health (ECH) practice panel (Biobank-ECH). In order to assess their

representativeness of the overall ECH population, we investigated whether risk stratification

using Minnesota medical tiering8 predicted hospitalization and emergency department (ED)

use in a similar manner. We hypothesized that the tiering model should perform well to

predict hospitalizations and ER visits for the Biobank-ECH participants at a similar

magnitude to the overall ECH panel. If established, this would enhance the validity of using

this subset to assess the role of biomarkers in predicting outcomes within a primary care

population.

METHODS

Study Participants and Setting

This study was reviewed and approved by the Mayo Clinic Institutional Review Board

(IRB). The Mayo Clinic Biobank began enrollment on April 1, 2009, and by December 31,

2011, 22,916 participants had enrolled, mainly from internal and family medicine

departments. Participants provided a “registry” consent that allowed use of their biological

specimens, questionnaire data, and electronic medical record data for IRB-approved

research studies conducted by Mayo Clinic investigators. ECH is the primary care practice

at Mayo Clinic, which serves patients from Olmsted County, MN, and southeastern

Minnesota. As part of ECH’s Minnesota Department of Health certification as a medical

home,8 ECH patients were enrolled into provider panels and had Minnesota tiering applied

to help determine the need for additional services such as case management. Only

individuals who were empanelled as of December 31, 2010, and were aged 18 years and

older were included in this study. Subjects were followed for health care outcomes through

December 31, 2011. Of 90,409 patients within the ECH panel as of December 31, 2010,

84,872 (93.9%) gave consent for medical record review.
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We linked all Biobank participants as of December 31, 2010 (n=16,576) to the ECH panel

by Mayo Clinic patient medical record number in order to identify the subset of participants

in the ECH panel.

Minnesota Tiering

The Minnesota tiering scores were calculated on December 31, 2010, for all ECH members.

The Minnesota tiering method was based on the Johns Hopkins Adjusted Clinical Groups

(ACG).9 Minnesota tiering is currently the standard for medical risk stratification for

payment of care coordination for medical home patients within Minnesota.10 Based on the

information obtained from ICD-9 codes from billing data for the 12 months previous, the

model categorizes patients into 5 tiers defined as tier 0 (no chronic conditions), 1 (1–3

conditions), 2 (4–6 conditions), 3 (7–9 conditions) and 4 (10 or more conditions). The

coding methodology is available from the State of Minnesota.11

Outcomes

The primary outcomes of this study were hospitalization and ER visits based on utilization

as determined from institutional billing systems. Hospitalization included a stay that was

overnight and excluded outpatient hospital services (i.e., colonoscopy and outpatient

surgery). ER visits resulting in an inpatient stay were only counted as hospitalizations. The

admission dates for hospitalization and ER visits served as event dates in the analysis.

Thirty-day re-hospitalization after the date of discharge from the first hospitalization was

also considered as an outcome of interest.

Statistical Analysis

Demographic characteristics and Minnesota tiering scores of the Biobank-ECH participants

were summarized in percentages and compared with the overall ECH panel. The effects of

sex on different tiering scores were assessed using the Pearson chi-square test for both the

Biobank-ECH and overall ECH groups. Kruskal-Wallis tests were performed for the

association between age and tiering scores.

Kaplan-Meier plots and Cox proportional hazards models (accounting for age and sex) were

utilized to examine the association of tiering scores with the selected outcomes of interest

(hospitalization, ER visits, and 30-day re-hospitalization after the first hospitalization). After

evaluating the proportionality assumption of the Cox model, hazard ratios (HR) and their

95% confidence intervals (CI) for each risk tier were presented, with the lowest risk tiers

(tier 0 and 1 combined) serving as the reference group.

RESULTS

Participant Characteristics

There were 8,927 Biobank participants enrolled in the ECH panel (i.e. Biobank-ECH) as of

the end of December 2010. As shown in Table 1, Biobank-ECH participants were more

likely to be female (64.3%) and older (median age 58 years) compared to the overall ECH

panel (54.6% female and median age 47 years). The older age distribution is mainly driven

by the lower percentage of people aged 18–39 years in the Biobank-ECH (17.0%) compared
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to the overall ECH panel (37.9%), and the higher percentage of people aged 70 years and

older in the Biobank-ECH (24.1%) compared to the overall ECH panel (13.5%). Figure 1

highlights the differences in age distribution of the Biobank-ECH participants relative to the

overall ECH panel.

Based on Minnesota tiering (Table 1), Biobank-ECH participants were less likely to be in

the healthiest tier (tier 0, 6.4%) compared to the overall ECH panel (24.0%); were similar

for tier 1 (46.4% compared to 47.7%); were enriched for combined tiers 2 and 3 (44.1%

compared to 26.3%); and were similar for tier 4 (3.1% compared to 2.0%). In comparing the

absolute number of medical conditions, there were no significant differences between ECH

patients and Biobank-ECH patients in each tier group. Figure 2 depicts the distribution of

medical tiering within each age group and shows that older age is associated with a shift to

higher tiers for both the Biobank-ECH and the overall ECH.

Tiering and Outcome

There was a significant positive association of medical tier with risk of hospitalization, ER

visits, and 30-day re-hospitalization in the Biobank-ECH and the ECH overall groups as

shown in Kaplan-Meier plots (Figure 3) and in age- and sex-adjusted Cox models (Tables 2

and 3). Specifically, among Biobank-ECH participants, risk tiering (tier 4 vs combined tiers

0 and 1) was strongly associated with risk of hospitalization (HR=5.8; 95% CI, 4.6–7.5), ER

visits (HR=5.4; 95% CI, 4.2–6.8), and 30-day re-hospitalization (HR=9.0, 95% CI, 4.7–

17.2). Similar, albeit stronger, associations for risk of hospitalization (HR=8.5; 95% CI, 7.8–

9.3), ER visits (HR=6.9; 95% CI, 6.4–7.5), and 30-day re-hospitalization (HR=13.3; 95%

CI, 10.4–16.9) were observed for all of ECH. However, lack of power prevented the

detection of differences in risk of 30-day re-hospitalization. Of note, the HRs for tiers 2 and

3 were of similar magnitude for the 2 groups.

DISCUSSION

We found that the subset of the Mayo Clinic Biobank who were part of a primary care panel

were more likely to be older, female, and have more chronic conditions compared to the

overall ECH primary care panel. This is not unexpected, since most participants were

recruited into the Biobank through mailings in advance of prescheduled appointments at

Mayo Clinic. This approach will enrich for people who seek medical care, including those

who are older, female, and have more chronic conditions, which we observed. In particular,

the Biobank-ECH group underrepresents people under the age of 40 years relative to the

ECH panel. This age group is much less likely to need medical care and due to the

recruitment strategy has a lower probability of being invited.12 Furthermore, participation

rates are generally lower for this age group.13 As expected, with increasing age, there was a

shift towards higher tiers in both the Biobank-ECH and the overall ECH panel, showing the

clear association of chronic conditions with age. Of importance, at each age level, Biobank-

ECH was enriched for people in tiers 2 and 3 (4–9 chronic conditions), deficient in tier 0 (no

chronic conditions), and of similar magnitude for tiers 1 and 4 relative to the overall ECH.

While Biobank-ECH participants were older and had more chronic conditions compared to

the overall ECH panel, the associations for Minnesota medical tiering with health outcomes

Takahashi et al. Page 4

Mayo Clin Proc. Author manuscript; available in PMC 2014 September 02.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



showed similar, albeit weaker, associations with risk of hospitalization, ER visits, and 30-

day re-hospitalization in the Biobank-ECH compared to all ECH participants. The

participants in both the ECH and the Biobank-ECH groups had a similar absolute number of

chronic conditions within each tier; thus, the medical burden was the same within a tier.

These differences likely reflect the low number of tier 0 participants, and may also reflect

the total number and severity of health conditions in tier 4. Patients with very poor health

would have been unlikely to travel to the clinic in Rochester to enroll in the Biobank.

The systematic differences identified here will need to be considered when making any

inferences about the primary care derived from studies using the Biobank-ECH sample.

However, the enrichment of older persons and persons in higher tiers in the Biobank-ECH

sample also enriches for outcomes, thereby increasing the study power. While the

association of tiering with risk of hospitalization, ER visits, and 30-day re-hospitalization

were slightly weaker for tier 4 in the Biobank-ECH, the overall patterns of association were

similar and the HRs were similar for tiers 2 and 3. The evidence in support of using tiering

to predict hospitalization or ER visits is limited; however, tiering is based on the ACG risk

stratification system which has been widely studied. The ACG system has a good predictive

value of hospitalization with an area under the curve of 0.80 with a sensitivity of 46% and

specificity of 91%.14 Since the operating characteristics of tiering should be consistent

regardless of population, new frailty indexes using comorbid health burden and new

biomarkers can be defined and developed within a wide range of populations,5,15 including

the Biobank-ECH group.

There are limitations to this study. For the outcomes of hospitalization and ER visits, if the

participant sought care outside of the Mayo Clinic medical system, there was a potential for

missing outcomes. However, all members of the ECH panel receive their primary care

within the Mayo Clinic system; thus, the potential for missing data is minimized. Tiering is

based upon medical billing diagnostic codes which could be miscoded or missing. The

ability to generalize this information may be limited to similar populations in terms of race/

ethnicity, insurance status, and availability of primary care.

In summary, Mayo Clinic Biobank participants in a primary care panel can serve as a

laboratory to identify new biologic markers and merge clinical and genomic data for risk

stratification for hospitalization and ER visits in the primary care setting. While the current

tiering works reasonably well, there is a need to improve risk stratification for

hospitalization in primary care.
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Figure 1.
Age distribution of Biobank participants in ECH panel and overall ECH panel.
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Figure 2.
Percentages of Minnesota tiering scores (tier 0–4) at each age group (18 – 44, 45 – 54, 55 –

64, and 65 or older) for Biobank in ECH panel and the overall ECH.
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Figure 3.
Kaplan-Meier curves for comparing different tiering groups: (A) Hospitalization within 1-

year; (B) ER visits within 1-year; and (C) 30-day re-hospitalization after the first

hospitalization.
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TABLE 1

Demographic characteristics and Minnesota tiering scores of Biobank participants in the ECH panel,

compared to the whole ECH populationa

Biobank-ECH (n=8,927) ECH (n=84,872)

Female sex (%) 64.3 54.6

Median age as of 12/31/2010 (25th and 75th percentiles) 58 (46 – 69) 47 (32 – 60)

Age groups (%)

 <30 7.9 20.7

 30 – 39 9.1 17.2

 40 – 49 13.6 17.7

 50 – 59 23.6 19.0

 60 – 69 21.7 11.7

 70 – 79 17.4 7.9

 80+ 6.7 5.6

Minnesota medical home tiers (%)

 Tier 0 6.4 24.0

 Tier 1 46.4 47.7

 Tier 2 33.9 20.7

 Tier 3 10.2 5.6

 Tier 4 3.1 2.0

a
ECH = Employee and Community Health
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