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Abstract

Introduction—Health care reimbursement is increasingly based on quality. Little is known about
how clinic-level patient characteristics affect quality performance, particularly in community
health centers (CHCs).

Methods—Using electronic health record data for 4,019 diabetic patients from 23 CHC primary
care clinicsin the OCHIN practice-based research network, we calculated correlations between a
clinic’'s patient panel characteristics and delivery rates of diabetes preventive servicesin 2007.
Using regression models, we estimated the proportion of clinic variability in clinics’ preventive
services rates associated with the variability in the clinics' patient panel characteristics. We also
explored whether clinics' performance rates were affected by how patient panel denominators
were defined.

Results—Clinic rates of glycosylated hemoglobin testing, influenzaimmunizations, and lipid
screening were positively associated with the percentage of patients with continuous health
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insurance coverage, and negatively associated with the percentage uninsured. Microalbumin
screening rates were positively associated with the percentage of racial minoritiesin aclinic's
panel. Associations remained consistent with different panel denominators.

Conclusions—Clinic variability in delivery rates of preventive services correlates with
differencesin clinics' patient panel characteristics, particularly the percentage of patients with
continuous insurance coverage. Quality scores that do not account for these differences could
create disincentives to diabetes care for vulnerable patients.

INTRODUCTION

Health care service reimbursements to providers are increasingly based on valuel®; for
example, “pay-for-performance” is a payment mechanism proposed to incentivize the
consistent delivery of high quality services.®.” The premise underlying most such programs
isto reward health care providers for delivering high quality care, and to provide regular
feedback on adherence to performance standards.8°

The metrics currently used to measure care quality rarely account for patient panel
characteristics that might impact clinics' quality performance.1%-12 Thisis concerning,
because a growing literature shows an association between the characteristics of clinics' and
providers patient panels and the quality of care provided to these panels.11:13-20 Much of
the focus of this literature has been on the relationship between care quality and patients’ co-
morbidity and disease severity characteristics, rather than their socio-demographic factors
(i.e., racelethnicity, income, insurance coverage status), despite the known relationship
between such characteristics and care quality at the individual patient level.21:22 Further,
little is known about which clinic-level patient panel characteristics are most strongly
associated with variation in clinics' rates of delivery of primary care services - information
that may be especially pertinent for community health centers (CHCs) and others providing
care to underserved populations (e.g., the uninsured and racial/ethnic minorities). While
CHCs generally provide health care comparablein quality to that provided by private
practices?326, care quality and patient demographics may vary between individual
CHCs.27:28

Practice-based Research Networks (PBRNSs), composed of multiple clinics, provide a unique
opportunity to further our understanding of which patient panel characteristics are most
associated with a clinic’s performance profile. Thisis especialy trueif the clinics within the
network PBRN share a common electronic health record (EHR). Linked EHR data also
makes it possible to examine the extent to which aclinic’ s quality measurements are
affected when only patients seen primarily at that clinic areincluded in its ‘ panel’
denominator, versus when all patients seen at the clinic are in the denominator. This
question will become increasingly important as methods for measuring quality shift from
manual chart reviews to the assessment of EHR data, which will make it possible to see
which patients are being seen at multiple primary care clinics versus those utilizing only one
clinic.

We hypothesized that, within our study CHCs, performance variation would be correlated
with differences in characteristics of the clinics’ patient populations, and that a significant
proportion of the clinic-level variability in rates of delivery of preventive services could be
explained by the clinic level summaries of their patient panels’ socio-demographic
characteristics. To test this hypothesis, we examined variability in rates of delivery of
diabetes preventive services among the CHC primary care clinics that are members of the
OCHIN PBRN, and share alinked EHR. We assessed the degree to which certain clinic-
level patient panel characteristics (e.g. the percent of patients' income and insurance
coverage status categories) were correlated with clinic performance. Our objectives were to:
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1) describe differencesin clinic patient panels and rates of delivery of recommended
diabetes care among 23 CHC primary care clinicsin the OCHIN network, and 2) assess
associations between clinic-level patient characteristics and variability in clinic rates of
providing recommended diabetes preventive care services. Last, we sought to 3) assess the
impact of using different methods to quantify the patient panel denominators by adjusting
panel denominators to assign a patient to only one clinic (the clinic which the patient visited
most often), or to al clinics utilized by that patient.

Data Sources—EHR and Medicaid Insurance Enrollment Data

In 2001, agroup of safety net organizations in Oregon collectively purchased the Epic EHR
system and created the Oregon Community Health Information Network (OCHIN). This
network provides health information technology (HIT) support to member CHCs, including
acentrally hosted and maintained EHR. (This network has grown beyond Oregon and is
now referred to as“ OCHIN” with members from 13 states). OCHIN'’ s shared EHR and fully
integrated electronic health information exchange allows each patient to have asingle
medical record shared across every clinic in the network.2% As most of the OCHIN PBRN’s
member clinics are federally-qualified health centers (FQHCs), they are required to collect
comprehensive information on patient demographics and insurance coverage, in addition to
the clinical information commonly found information in EHRS, such as patient medical
history and receipt of services and procedures.

FQHCs care for many of the nation’s most vulnerable populations, including uninsured
patients. In this study, the OCHIN clinics' shared EHR facilitated examination of quality
metrics at the patient, clinic, and population levels.2® As most of the study CHCs werein
Oregon, we also linked patient-level data on Medicaid insurance enrollment in Oregon, to
supplement the EHR records on patients Medicaid coverage in 2007.

Study Population

The study population included adults (at least 19 years of age as of December 31, 2004) with
diabetes mellitus who were seen at a CHC primary care clinic that had implemented
OCHIN’s EHR by 2005. Within this population, we required patients to have at least two
visits associated with an ICD-9 code for diabetes mellitus (type 1 or 2) in 2004-2005, and at
least one primary care visit at a given clinic in both 2006 and 2007, to be considered part of
aclinic’s‘continuity panel.’ In the 48 CHC clinics with OCHIN EHR data available for the
study period, 4,188 patients met these requirements. To enable clinic-level evaluations and
avoid unstable estimates of preventive services rates, we further l[imited the analyses to
primary care clinics with at least 50 diabetic patients meeting our continuity criteria (n=23
clinicsin two states and 4,019 patients). We found that 417 of these 4,019 patients (11% of
the population) met the continuity criteriafor two clinics, and an additional eight patients
met the criteriafor three clinics. Thus, we used two approaches to defining clinic patient
panels: (1) “restricted” panels limited each patient to asingle clinic’s panel, and (2) “full”
panels alowed the 425 patients who had multiple visits at two or more clinicsto be included
in the panel denominator for al clinics for which they met continuity criteria.

Clinic Patient Panel Characteristics

We described clinic panels according to several socio-demographic characteristics of their
patients, including patient age, race, primary language, mean percent of federal poverty level
(% FPL) in 2007, percent of patients with continuous insurance coverage in 2007, and
percent of patients with no insurance coverage in 2007. As most clinics in the OCHIN
PBRN are within FQHCs, information on patients' income as a percentage of the FPL is
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reported at each visit. If more than one income level was reported for a patient in 2007, we
used this information to estimate the mean % FPL for 2007 based by a weighted average of
each patient’s reported % FPL, accounting for the amount of time between the reported
FPLs. Percent of time patient had insurance coverage in 2007 was determined by start and
stop dates of insurance coverage, as recorded in the EHR and supplemented by Oregon’s
Medicaid insurance enrollment data for Oregon patients with public coverage in 2007.

Clinic Rate of Delivery of Diabetes Preventive Care Services

We assessed four evidence-based diabetes preventive care services: lipid (LDL-low density
lipoprotein) screening, influenza vaccination, nephropathy screening (urine microal bumin),
and glycosylated hemoglobin (HbA1c) monitoring. It is generally recommended that
patients with diabetes mellitus receive each of these services at least annually.30 We used
OCHIN EHR datato identify procedure codes that confirmed delivery of each service at
least once in 2007.

Statistical Analyses

RESULTS

We described differencesin clinic-level patient panels, and in rates of delivery of the four
diabetes preventive services to clinics' patient panels. We then calculated Spearman rank
correlations to examine the strength of associations between clinic-level patient panel
characteristics and percentage of patients provided the recommended services at each clinic.
Linear regressions of quality metrics, modeled as continuous variables, were used to
determine the proportions of variability in clinic performance metrics that were associated
with variability in the patient panel socio-demographic characteristics. The increasein the
proportion of variability accounted for by the models was determined by the change in the
model r2 in stepwise additions of patient characteristics to the model. The order of addition
of patient characteristics was determined using a maximum r criteria. Because rates of
service delivery must fall between 0 and 100%, quality metrics were logit transformed prior
to linear regression analysis. &

To explore whether clinic performance was affected by how the patient denominator was
defined, we compared the association between patient characteristics and service delivery in
both “full” clinic panels (including patientsin the panel denominators of multiple clinics, if
they met continuity criteria at each of those clinics) and in “restricted” clinic panels (limiting
patients to the panel of the clinic which they attended most often; if attending two clinics
equally often, we assigned them to the one they attended most recently).

This study was approved by the Institutional Review Board at our academic health center.

Clinic and Clinic Patient Panel Characteristics

There were 19 CHC primary care clinics geographically spread throughout the state of
Oregon in both urban and rural settings, and four clinicsin California. All but three of the
study clinics were FQHCs. Among the 4,019 patients who met the study inclusion criteria,
the mean number of diabetic patients per clinic in 2007 was 188 (range 59 - 379) for the full
panels, and 173 (range 30 - 378) for the restricted panels (limiting the patients to one clinic
resulted in less than 50 patients per clinic in some of the restricted panels). The clinics
patient panel characteristics varied considerably (Table 1). For example, percent of clinic

4 _ogit transformations (the log of proportion of patients with delivered services/(1- proportion patients with delivered services), the
link function used in logistic regressions) were utilized to keep the predicted values from the regressions bounded between 0 and 1 and
to improve the fit of the model residuals to a normal distribution.
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patients whose primary language was Spanish ranged from 0% to 87.4% in both the full
panels (median 28.3%) and restricted patient panels (median 27.6%). Percent of clinic
patients who were continuously uninsured in 2007 ranged from 1% to over 50% (full panel
range: 1-57%, median 30.0%); restricted panel range: 2-56%, median 30.0%). Percent of
clinic patients who were continuously insured ranged from 34% to 99% in the full panels
(34%- 98% in the restricted panels).

Variability in Patient Panels

Rates of delivery of diabetic preventive services also varied by clinic (Figure 1). In the full
patient panels, the median rates of delivery of specific services were 68% for LDL (M =
57.3, SD = 29.7), 46% for influenza vaccination (M = 42.8, SD = 15.6), 23% for
microalbumin (M = 33.6, SD = 23.6), and 83% for HbA 1c screening (M = 74.5, SD = 23.6).
The width of the inter-quartile range of rates of delivery of preventive services varied by
service, with afairly narrow range for delivery of influenza vaccination and HbA1c, and a
much wider range for delivery of LDL and nephropathy screening. Little difference was
seen in the evaluation of clinics' performance by restricted versus full panels.

Clinic Patient Panel Characteristics and Rates of Diabetes Preventive Services

Table 2 displays the Spearman rank correlations between clinic patient panel characteristics
and rates of diabetes preventive services. In both the full and restricted patient panel models,
several panel characteristics correlated significantly with performance rates. Mean age of
clinic patients was positively correlated with percent of patients provided influenza
vaccinations and HbA 1c testing, and percent of patients with no insurance in 2007 was
negatively correlated with rates of HbA 1c testing, LDL screening, and influenza
vaccination. Conversaly, clinic delivery of these three services was positively correlated
with percent of clinic patients who were continuously insured in 2007. Percent of clinic
patients with income <50% FPL was positively correlated with rates of influenza
vaccination. Primary language of clinic patients was not correlated with delivery rates of any
of the services. Rates of microalbumin screening were positively correlated with percent of
minority (non-white) patients (which could be due to higher prevalence of diabetic
nephropathy among non-Caucasians)31-32 and were not correlated with other clinic-level
patient characteristics measured. The patterns of correlations were similar in the restricted
model; only the correlation between rates of HbA 1c testing and average patient age lost
significance in the restricted models.

The proportions of clinic variability in delivery of diabetic services associated with variation
in clinic patient panel characteristics are shown in Table 3 and illustrated in Figure 2. Of the
patient panel characteristicsincluded in this analysis, the percentage of clinic patients with
continuous insurance coverage accounted for the largest proportion of clinic variancein
LDL screening, HbA 1c assessment, and flu immunization rates: it accounted for over 25%
of the clinic variance in both LDL screening and HbA 1c assessment ratesin the full patient
panels, and for 18% of the variance in rates of flu immunizations. Although percent of
patients with no insurance coverage and mean patient age also accounted for a significant
proportion of clinic variance in service rates, both were highly correlated with percent of
patients with full insurance coverage (r=0.82 for mean age and -0.99 for patients with no
insurance coverage in the full panels). Neither variable significantly increased the model fit
if included in aregression with the percent of patients with full insurance coverage.

Neither percent of the clinic patient panel who were English- or Spanish-speaking, nor
percent with an average income level <50% FPL, accounted for a significant proportion of
variability in clinic delivery of diabetic services. Minority status did not account for a
significant portion of the variability in the rates of LDL screening, HbA 1¢ assessments, or
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flu immunization, but it accounted for 55% of the variability in microabumin assessment
rates. The positive association between the percent of racial minorities and rates of LDL and
microa bumin assessments were the only associations with significant semi-partial
correlations when we also adjusted for the percent of patients with continuous insurance
coverage.

To view the associations described in Table 3 in a different modality, Figure 3 shows the
observed clinic rates of LDL and HbA 1c tests superimposed on the rates predicted from the
linear regression of clinic rates of the preventive service on the percent of continuously
insured patients in the clinic's patient panel. As shown, aclustering of clinics falls within the
95% confidence interval predicted by the percentage of patientsin their panels with full
insurance coverage. Many other clinicsfall close to these predicted preventive service rates,
there are few outliers.

DISCUSSION

Variability in clinics rates of delivery of diabetes preventive services across the 23 study
clinicswas highly correlated with certain clinic-level patient panel characteristics. The
strongest association was between rates of insurance coverage (or lack of coverage) in a
clinic’'s patient panel, and the clinic’ s rates of delivering recommended care; the higher the
percentage of aclinic’s patient panel continuously insured, the higher the clinic’'s
performance. This confirms and expands upon previous findings of an association between
insurance coverage and rates of diabetes care at the individual patient level, by
demonstrating this association at the clinic level 21:33.34

One possible explanation for this finding may be that even if services are ordered or
recommended by clinicians, uninsured patients are more likely to forego or delay the service
due to cost.3536 |f thisistrue, aclinic’s quality score may be less reflective of how
consistently services were recommended, and more reflective of how likely it isthat their
patients can afford to access the recommended services. While our PBRN clinicians have
reported this phenomenon anecdotally on several occasions, confirming this qualitatively
was beyond the scope of this paper. Another possible explanation may be that clinicians
were less likely to order recommended tests that would cost uninsured patients money out-
of-pocket, compared to recommending care for insured patients. Previous studies have
shown that clinicians do consider a patient’ s insurance status when recommending care.3’

Notably, we found few differencesin clinic performance rates when a patient was assigned
to only one clinic (restricted panel) compared to when a patient was included in more than
oneclinic’s denominator (full panel). Thisfinding is relevant to discussions about how to
defineaclinic's patient panel denominator for quality assessments and payment based on
population health indicators. For example, a recent study reported on the complexity of
defining clinic patient panels to enable them to generate quality reports based on an accurate
denominator within a medical home setting.38

Implications for Practice and Policy

Our findings caution against the common practice of comparing clinics' care quality
performances without accounting for differencesin their patient panel characteristics. The
significant correlation between care quality and clinic patients’ insurance coverage suggests
that insurance disparities may, at least in part, explain clinic quality differences, especially
those measured using some of the current quality metrics. These findings further suggest
that CHCs and other safety net providers may be constrained in their ability to improve
performance quality until meaningful insurance coverage expansions are achieved and
sustained in the United States. At the very least, it will be important that patients stay
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continuously covered.343940 There is movement in this direction at the policy level as many
states expand insurance coverage options and support through the implementation of the
Affordable Care Act; however, it istoo soon to know whether these efforts will trandate
into meaningful reform.

Our results aso indicate the potential for unintended consequences of policies that
incentivize clinics to improve quality without accounting for vulnerabilitiesin their patient
panels. Many primary care practices already limit the number of uninsured patients on their
panels due to financial constraints; unadjusted quality measurement policies could lead to
further limitations of this kind, thus exacerbating the access problems already faced by
vulnerable populations. As cautioned by others, clinic payment models that incentivize
quality improvements must not dissuade providers from caring for vulnerable patients, or
penalize clinicsif services were not offered or performed due to lack of insurance or a
patient’s inability to pay.4142 As demonstrated in Figure 3, several of the study clinics’
performance assessments would be markedly improved by adequately adjusting for their
patient panel characteristics. Although thisis a simple model based on asingle characteristic
and a small number of clinics, adjusting for the clinic’s patient panel insurance coverage
level shifted the quality ranking of four of the clinicsto a higher quartile. Thisillustrates the
potential impact of unadjusted quality indicators on the assessment of clinic performance.

Future Research Needs

Research is needed to further investigate the observed variability in clinics performance
measures to better understand its underlying causes. Nevertheless, these results indicate the
need for caution when comparing quality across diverse clinic sites without accounting for
differencesin patient panel characteristics. If reimbursement levels are based on such
unadjusted metrics, it may damage an already fragile safety net and reduce vulnerable
populations’ access to health care. Thereis an urgent need to develop and validate an
evidence-based formula enabling “vulnerability adjustment” of clinic quality scores. As
shown in Figure 2, continuous insurance coverage accounted for 18 to 31% of the variance
in delivery rates for three of the four diabetes preventive services assessed; full adjustment
likely would need to account for factors that influence patient care beyond insurance
coverage and the other factors assessed here.

Another phenomenon that deserves further study is that of patients utilizing servicesin
multiple clinics. Over 10% of the patients in our study made repeat visits to more than one
clinic during the study period. Although our two methods of assigning patientsto clinic
panels (restricted vs. full) did not affect the clinics' quality measures, further investigation
would inform the development of prospective payment mechanisms and quality metrics
based on accurately defined clinic populations. For example, if a patient goes to multiple
clinics, which clinic should get a prospective global payment for care of that patient? Should
multiple clinics be able to claim a patient on their panels? How can the primary clinic
capture information on patient services provided at other sites, to more accurately report and
not duplicate services?

PBRNs are ideally suited to address these research and practice-based needs, as they can
generate information about the provision of services across clinics. Further, research
involving multiple practices with diverse patient populations could be conducted in a
network of PBRNS, such as those recently funded by the Agency for Research and Quality
through the P30 Research Center in Primary Care Practice Based Research and Learning
mechanism. This research will provide an unprecedented opportunity to assess the factors
associated with service delivery in primary care settings across the United States.
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We used the most common codes for identifying diabetes preventive services, and may have
missed some services; however, our analyses from other studiesin this population suggest a
low rate of missed services.*3 We also might have missed services received outside of the
OCHIN member clinics; however, our inclusion criteria ensured a minimum level of
continuity of care at these clinics. Patients were identified as having diabetes if they had at
least two visits associated with a diabetes diagnostic code, to avoid incorrectly identifying
patients as diabetic based on asingle visit. Thislikely resulted in missing some patients who
had only one visit associated with a diabetes diagnosis during the study period. Thus, our
results provide conservative estimates of study clinics' diabetic population and delivery of
preventive care.

Similarly, we had insurance continuity data available for all patientsin the EHR,
supplemented by Medicaid enrollment data for most patients, which may have resulted in
conservative estimates of insurance coverage for some of the patients. In addition, we
included only 23 primary care CHCs, limiting the generalizability of the observed
association. The primary insurance sources for the patients at these clinics are Medicare and
Medicaid; insurance coverage may have a different association in patient populations with
higher coverage by private insurance carriers. We assessed only those patient factors
available in the EHR data; these do not represent all factors that contribute to a patient’s
health, and/or to a clinic’s ability to deliver high quality care. We recommend the
development of policies that move towards the systematic collection of amore
comprehensive set of patient factorsin EHRs, including additional characteristics related to
social determinants of health. Finally, we were unable to assess whether clinic variation in
rates of diabetes care services was aresult of clinic providers not offering the services, or
because of patients’ refusal.

Significant variability in quality rates may be associated with differencesin clinics' patient
panels. Quality measures need to acknowledge these differences and put mechanismsin
place to account for them or risk creating disincentives for clinics to care for vulnerable
patients.
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Figurel. Variability in clinic-level percent of patients provided diabetes preventive services, full
versusrestricted patient panels
LDL: Low-density lipoprotein cholesterol screening; FLU: influenza vaccination; Micro-

Alb: urine microalbumin screening; HbA 1c: hemoglobin Alc monitoring
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Figure 2. Proportion of variability in clinic-level percent of patients provided diabetes preventive
services accounted for by clinic-level patient panel characteristics

Note. The percent variability associated with Clinic Patient Panel characteristics was
determined from the change in r2 when the variable was added to amodel already containing
the variables with stronger association with delivery of the service. The variable order was
determined through stepwise selection based on the variable addition resulting in the
maximum change in r2. The proportion of clinic variability in delivery of aservicethat is
not explained by a model including all patient characteristics in this study is shown in gray.
*p<0.05.
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Figure 3. Observed rates of diabetes preventive services by clinic, as compared to rates predicted
by the percentage of each clinic’s patient panel with full insurance coverage

Note. Predicted values and 95% confidence intervals were estimated from regression models
of delivery of preventive service rates on the percent of patient panel with full insurance
coverage. The model used logit transformed rates to keep the predicted rates bounded
between 0 and 100%. Graphed values are the logit transformed values (y axis) of observed
values labeled with the actual rates (%) to facilitate interpretation.
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