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BACKGROUND: Physician treatment of cardiovascular
risk factors may be affected by specific types of patient
comorbidities.

OBJECTIVES: To examine the relationship between
discordant comorbidities and LDL-cholesterol manage-
ment in hypertensive patients not previously treated
with lipid-lowering therapy; to determine whether the
presence of cardiovascular (concordant) conditions
mediates this relationship.

DESIGN: We performed a retrospective cohort study
of 1,935 hypertensive primary care patients (men
>45 years of age, women >55 years of age) with
documented elevated low-density lipoprotein (LDL) cho-
lesterol and no lipid-lowering therapy at baseline. The
outcome was guideline-consistent hyperlipidemia man-
agement defined as optimal value on repeat LDL
cholesterol testing or initiation of lipid-lowering therapy.
Using generalized estimating equations (GEE), we ex-
amined the association of concordant and discordant
comorbidities with guideline-consistent hyperlipidemia
management over a 2-year follow-up period, adjusting
for patient characteristics.

RESULTS: Guideline-consistent hyperlipidemia man-
agement was achieved in 1,236 patients (64%). In the
fully adjusted model, each additional discordant condi-
tion resulted in a 19% lower adjusted odds ratio of
guideline-consistent hyperlipidemia management (p<
0.001) when compared with no discordant conditions.
The dampening effect of discordant conditions on guide-
line-consistent management persisted even in the pres-
ence of concordant conditions, but each additional
concordant condition was associated with a 37% increase
in the adjusted odds of guideline-consistent hyperlipid-
emia management (p<0.001).
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CONCLUSIONS: In this cohort of hypertensive primary
care patients, the number of conditions discordant with
cardiovascular risk was strongly negatively associated
with guideline-consistent hyperlipidemia management
even in patients at the highest risk for cardiovascular
events and cardiac death.
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INTRODUCTION

Recent studies have reported that up to 45% of recommended
health care is not received.'? These findings have highlighted
the need for improved physician adherence to clinical practice
guidelines and better methods to measure guideline adher-
ence.® However, both clinicians and researchers have
expressed concern that widespread application of clinical
practice guidelines may have unintended negative conse-
quences for complex patients.*™ The role of one aspect of
complexity, the presence of comorbid conditions, has been a
point of particular contention, with several recent studies
indicating that patients with many comorbid conditions actu-
ally receive better quality care, while other studies conclude
that these patients receive poorer care.'®'6 A possible expla-
nation for these conflicting findings is that comorbidity affects
quality of care differently depending on the target condition
and the nature of the comorbid condition(s).'!”'® For example,
a physician caring for a patient with diabetes may focus the
clinical encounter on cardiovascular risk reduction. In con-
trast, the presence of osteoarthritis may direct the physician
towards management of a patient’s functional status and need
for pain management.

To further evaluate this concept, we looked at the impact of
different types of comorbidities on management of hyperlipid-
emia. We were interested in assessing whether the presence of
discordant comorbidities (i.e., conditions with treatment goals
different than cardiovascular treatment goals '7)
ated with lower levels of guideline-consistent management of
hyperlipidemia. To better understand the relationship between
type of comorbidity and quality, we also investigated the role of
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comorbid conditions that increase cardiovascular risk (i.e.,
concordant conditions that would focus the physician on
initiation of lipid-lowering therapy). We hypothesized that an
increasing burden of discordant conditions would be associat-
ed with a decline in quality of care, defined as failure to initiate
lipid-lowering therapy or attainment of guideline-based low
density lipoprotein (LDL) cholesterol targets. Additionally, we
hypothesized that this effect would persist even in the presence
of conditions that increase cardiovascular risk.

METHODS
Study Sample

We identified adults (>18 years old) with three or more visits
(between 1 January 2003 and 8 February 2005) to physicians
in six primary care practices (one family medicine and six
general internal medicine) affiliated with an academic medical
center in Philadelphia, PA. We selected men > age 45 and
women > age 55 (age thresholds consistent with The Third
Report of the National Cholesterol Education Program Expert
Panel on Detection, Evaluation and Treatment of High Blood
Cholesterol in Adults (NCEP-ATPIII)’s definition of a “major risk
factor” for cardiovascular disease.'® Hypertension was defined
as the presence of one or more of the following criteria: (1) two
or more visits with an elevated blood pressure as defined by
The Sixth Report of the Joint National Committee on Prevention,
Detection, Evaluation and Treatment of High Blood Pressure
(NC-VIP°; (2) two or more visits with an outpatient diagnosis
of hypertension; (3) one outpatient visit with a diagnosis of
hypertension and one visit with an elevated blood pressure; or
(4) at least one antihypertensive prescription with a diagnosis
of hypertension.

From this cohort, we identified patients with suboptimal
LDL cholesterol as defined by NCEP-ATPII guidelines'®: (1)
LDL cholesterol >100 mg/dl in patients with diabetes, coro-
nary artery disease or coronary heart disease equivalent
conditions (stroke, other cerebral vascular disease, peripheral
vascular disease) or (2) >130 mg/dl for all other patients (since
all patients in the study had at least two risk factors for
cardiovascular disease and thus an LDL cholesterol goal of
<130 mg/dl.*° We excluded persons with current or previous
prescriptions for lipid-lowering therapy during or after the year
2002. Previous lipid-lowering therapy was defined as a pre-
scription for a lipid reduction medication anytime from the
calendar year 2002 until the index visit. Patients with liver
dysfunction were also excluded from analysis as liver disease
may be a contraindication to use of lipid-lowering therapy.

Data Collection

Patient data collection began in 2002, when study practices
installed the EPIC electronic medical record in all six study
practices. EPIC provides information on patient demographics,
insurance status, past medical history, physiologic measures,
clinical diagnoses, laboratory test and imaging results, and
prescribed medications. The index visit was defined as the
enrollee’s first visit during the study period (1 January 2003-
8 February 2005). Patients were followed for a minimum of 6
months and a maximum of 2 years after the index visit. Once
lipid-lowering therapy was initiated or target LDL cholesterol

was achieved, the patient was censored. If neither of these
outcomes was achieved, we examined all visits until the end of
the study period.

Outcome

The outcome measure of guideline-consistent hyperlipidemia
management was defined as either: (1) initiation of lipid-
lowering therapy at any time during the follow-up period or
(2) achievement of acceptable LDL cholesterol (as defined by
NCEP guidelines'® on repeat measurement.

Measures of Concordant and Discordant
Comorbidities

Study patients’ clinical conditions were defined using ICD-9-
CM coded conditions at all electronic medical record docu-
mented encounters prior to and including the index visit. We
used ICD-9-CM codes because they allow for the most uniform
identification of comorbidities, even those comorbidities not
associated with the use of specific medications or recorded
objective findings. Concordant conditions (excluding hyperten-
sion and hyperlipidemia) consisted of: diabetes, coronary
artery disease, coronary artery disease equivalent (i.e., stroke,
other cerebral vascular disease, peripheral vascular disease) or
renal insufficiency (serum creatinine >2 mg/dl). For each
patient, we created a variable for the sum of concordant
comorbidities, ranging from zero to four. Heart failure and
valvular heart disease were considered as covariates because
they have several alternative pathophysiologic mechanisms
that might not focus physician attention on hyperlipidemia
management.

Discordant comorbidity burden was calculated from an
adapted version of Elixhauser's comorbidity measure®!, an
index that uses ICD-9-CM-codes to identify 29 specified
conditions associated with inpatient resource use and mortal-
ity. We selected discordant conditions from the Elixhauser set,
added common diseases and symptoms seen in more than 5%
of ambulatory encounters in the study population (e.g.,
osteoarthritis, nausea/vomiting/dizziness, diarrhea/constipa-
tion, esophageal reflux/ulcer disease, headache) and deleted
concordant comorbidities. For each patient, we created a
variable that summed the discordant comorbidities, resulting
in a single score (ranging from zero to eight or more). Appendix
A, which can be found online, lists all included conditions.

Covariates

Patient demographic and socioeconomic variables included
sex, race, age and insurance type. Median neighborhood
income was determined by linking patient zip code to 2000
US census tract data (we did not have individual income data).
Missing race was assigned using a single imputation method
based upon patient zip code. The number of patient primary
care visits during the study period was included as a covariate
because patients with more visits had more opportunities for
lipid management.

The number of antihypertensive medications in the patient’s
regimen was used to estimate medication burden as patients
with an increasing number of medications may be less likely to
begin lipid-lowering therapy. To ensure an accurate count of
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the number of medications for each patient, we assessed each
previous, original antihypertensive prescription for the num-
ber of pills prescribed, the number of daily doses and the
number of refills given.

Statistical Analysis

The patient was the unit of analysis. Descriptive statistics were
generated at the index visit. Bivariate and multivariate rela-
tionships between dependent and independent variables were
examined using generalized estimating equations (GEE) ac-
counting for clustering of patients within providers. Concor-
dant and discordant condition counts were included in all
models. In a separate model, we examined the relationship
between concordant and discordant conditions using an
interaction term. To better examine this relationship, we
separately stratified analyses by the presence of a concordant
condition. We assumed an exchangeable correlation matrix for
all GEE models and included both key predictors (comorbidity
variables) and potential confounders for adjustment. All
statistical analyses were performed using Stata statistical
software (version 9, College Station, TX).

Institutional Review Board Approval

The study received expedited review by the University of
Pennsylvania’s institutional review board. Because of the
retrospective nature of the study, the board granted a waiver
of HIPAA authorization.

RESULTS

Of 15,708 patients diagnosed with hypertension who had three
or more visits to a study site, 11,309 met our study age
criteria. Of these patients, 4,141 had suboptimal LDL choles-
terol values prior to the index visit (i.e., the first visit following a
finding of suboptimal LDL cholesterol). We further restricted
our analyses to the 2,060 patients (50% of those with high LDL
cholesterol) with at least 6 months of follow-up and without a
history of lipid-lowering therapy from calendar year 2002 until
the index visit. After exclusion of 125 patients with liver
dysfunction, 1,935 patients remained in the cohort. Race was
imputed for 183 of these patients.

The majority of study patients were African-American with
an annual income of less than $35,000 (Table 1). Forty-one
percent of patients had no concordant comorbidities other than
hyperlipidemia and hypertension, while 19% had two or more
additional concordant comorbidities. Discordant comorbidities
were common-94% of patients had at least one discordant
condition, while 27% of the sample had more than four
discordant conditions. The mean number of patient visits during
the study period was 9.38. Ninety-eight percent of patients had
20 or fewer visits. Over the period of observation, guideline-
consistent hyperlipidemia management was achieved in 1236
patients (64%). Of these, 26% were managed at the index visit,
and 57% were managed in four visits or fewer.

In the fully adjusted GEE regression model, each additional
discordant condition resulted in 19% lower adjusted odds of
guideline-consistent hyperlipidemia management (p<0.001)
when compared with none (Table 2). Patients with seven or
more discordant conditions had 88% lower adjusted odds of

Table 1. Patient and Provider Characteristics

Number of patients
(%) N=1,935

Demographic
Sex
Female 1,266 (65.4)
Race
Black 1,105 (61.5)
Age
<60 years 478 (24.7)
60-69 years 618 (31.9)
70-79 years 540 (27.9)
>80 years 299 (15.5)
Insurance
Commercial insurance 1,091 (56.4)
Medicare 651 (33.6)
Medicaid 177 (9.2)
Self pay or unknown 16 (0.8)
Income
<$25,000/year 423 (21.9)
$25-35,000/year 625 (32.3)
$35-70,000/year 734 (37.9)
>70,000/year 153 (7.9)
Clinical
Number of concordant comorbidities
0 786 (40.6)
1 774 (40.0)
2 287 (14.8)
3 or more 88 (4.6)
Number of discordant comorbidities
0 113 (5.8)
1 264 (13.6)
2 326 (16.8)
3 399 (20.6)
4 311 (16.1)
5 218 (11.3)
6 139 (7.2)
7 88 (4.6)
>8 77 (4.0)
Number of previous anti-hypertensive medications
463 (23.9)
1 628 (32.5)
2 530 (27.4)
3 or more 314 (16.2)

Patient visits

Mean number of patient visits 9.38 (range: 5-32)

guideline-consistent hyperlipidemia management compared
with patients with no discordant conditions (Fig. 1). Compared
to patients with no concordant conditions and with adjust-
ment for the presence of discordant conditions, each additional
concordant condition was associated with a 37% increase in
the adjusted odds of guideline-consistent hyperlipidemia man-
agement of LDL cholesterol (p<0.001). The presence of three or
more concordant conditions was associated with greater than
three-fold adjusted odds of guideline-consistent hyperlipid-
emia management of LDL cholesterol management when
compared with patients without any concordant conditions
(p<0.001) (Fig. 2). We found no interaction between number of
concordant and discordant comorbidities. Stratified analysis
showed a consistent relationship between guideline-consistent
hyperlipidemia management and the number of discordant
comorbidities in the presence or absence of a concordant
condition (Table 2). The full model is shown in Appendix B,
which can be found online.
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Table 2. Adjusted Associations between Patient Comorbidities and

LDL Management*

Number of discordant
conditions

Number of
concordant
conditions

Adjusted odds
(95% CI)

Adjusted odds
(95% CI)

Combined model:
All patients (n=1,935)

0.81 [0.77-0.85]

1.37 [1.21-1.56]

Stratified models:

No concordant
conditions (n=828)
One or more concordant
conditions (n=1,149)

0.82 [0.75-0.89] —

0.81 [0.75-0.86] —

*Adjusted for race, sex, age, income (based on census tract), insurance
type, number of visits, number of antihypertensive medications,
presence of heart failure, presence of valvular heart disease

DISCUSSION

We found a distinct association between discordant comorbid-
ities and a composite endpoint of initiating lipid-lowering
therapy or achieving a desirable LDL cholesterol level in this
cohort of primary care patients with hypertension and elevated
LDL cholesterol. Increasing numbers of discordant conditions
decreased the adjusted odds of guideline-consistent hyperlip-
idemia management, a finding that persisted despite the
presence of conditions that increase the risk of cardiovascular
events or death. An increasing number of concordant condi-
tions was associated with increased likelihood of guideline-
consistent hyperlipidemia management regardless of the number
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Figure 1. Appropriate management of elevated LDL cholesterol
over 2-year follow-up. Number of discordant comorbidities vs.
adjusted odds of management. Reference group is no discordant
comorbidities. Model adjusted for race, sex, age, income (based
on census tract), insurance type, number of visits, number of
antihypertensive medications, presence of heart failure, presence
of valvular disease, and number of concordant conditions.
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Figure 2. Appropriate management of elevated LDL cholesterol
over 2-year follow-up. Number of concordant comorbidities vs.
adjusted odds of management. Reference group is no concordant
comorbidities. Model adjusted for race, sex, age, income (based
on census tract), insurance type, number of visits, number of
antihypertensive medications, presence of heart failure, presence
of valvular disease, and number of discordant conditions.

of discordant conditions. These results are consistent with the
hypothesis that the type of comorbidity may have different effects
on guideline-consistent hyperlipidemia management and that
competing demands may negatively affect the quality of cardio-
vascular risk management even in the patients for whom it is
most indicated.

The theory that different types of comorbidities have varying
impacts on cardiovascular risk reduction has been previously
suggested, !”'® but few studies have addressed the separate
roles of concordant and discordant conditions.?® Most research
on the impact of comorbidity on cardiovascular risk reduction
has combined concordant and discordant comorbidities. Several
studies concluded that comorbidity may improve quality of care;
others found that comorbidity detracts from quality.!® ' Arecent
example, a study by Higashi et al.,'° found that the presence of
multiple medical conditions was associated with improved
quality of care across many diseases and many quality indica-
tors. The comorbidity measure used, however, was a simple
count of conditions that did not distinguish between concordant
and discordant comorbidity. This study also combined many
quality measures that may exhibit various relationships with
comorbid conditions. By separating discordant and concordant
conditions and examining a single target condition, we were able
to uncover distinctive effects that may have been obscured or
confounded in Higashi’s study.

Our findings are supported by several studies that have
separately investigated concordant and discordant patient
comorbidities. Some have reported the positive impact of
separate concordant comorbidities on the management of
cardiovascular risk factors,>>?* whereas others have found
negative impacts of individual discordant comorbidities on
management of these risk factors.?*2” We believe this is the
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first study to examine the concurrent, separate, and linear
contributions of concordant and discordant comorbidities on
management of a single cardiovascular risk factor.

An increased likelihood of guideline-consistent hyperlipidemia
management for patients with more concordant conditions is
expected because coronary artery disease or its risk equivalent is
a strong motivator for lipid management. The finding that an
increasing number of discordant conditions (which may reflect
competing demands) was associated with failure to manage high
LDL cholesterol is more alarming. To confirm the consistency of
this relationship, we tested for an interaction between concor-
dant and discordant conditions. When no significant interaction
was observed, we stratified our analyses to separately examine
patients with and without concordant conditions and found very
similar results for both groups. Our robust findings seem to
indicate that discordant conditions may indeed be a significant
barrier to high quality care.

However, our comorbidity measure did not allow us to
determine the severity of a given discordant condition or
identify clinically dominant conditions. Therefore, we were
not able to distinguish between patients receiving poor quality
care and those for whom initiation of therapy was not
indicated. Conditions that are clinically dominant eclipse the
management of all other conditions because they occupy a
preponderance of the physician or patient’s time or affect a
patient’s life expectancy.'” Because the inability to determine
severity of a given condition is a weakness of ICD-9-CM-based
comorbidity measures, 28-36 future research should focus on
methods to determine whether specific, severe comorbidities
are driving the observed relationship between the number of
discordant conditions and guideline-consistent care for LDL
cholesterol management.

The outcome used in this study (i.e., guideline-consistent
care) was not a performance measure because we did not
designate a time frame for initiation of therapy or achievement
of the LDL cholesterol goal. However, our study may inform
future construction of performance measures for hyperlipid-
emia management. It has been argued that a possible unin-
tended consequence of population-based quality measures is
that they may penalize physicians who care for complex
patients.*® Our findings strengthen the argument that quality
measures should account for patient preferences, type of
comorbidity and clinical complexity.

This study has some limitations. We examined 1,935 patients
from an urban population receiving care in six primary care
clinics affiliated with a single academic medical center. It is also
notable that we selected a population known to be receiving poor
quality care at baseline (i.e., they were known to have high LDL
cholesterol, but were not taking medications). Therefore, the
generalizability of observed results is limited. While all prescrip-
tions written by primary care providers should have been
documented in EPIC, we were not able to identify prescriptions
written by specialists who do not use EPIC. We also were not able
to identify patients managed with lifestyle interventions. To
account for this discrepancy, however, we included achievement
of guideline-consistent LDL cholesterol as an outcome. We used
follow-up of 6 months to 2 years as our analytical time frame
because it allowed clinicians adequate opportunity to institute
management even in complex patients, and analyses were
adjusted for number of visits per patient during the time frame.
However, patients with longer follow-up periods may have
presented differential opportunities to receive treatment or

achieve LDL cholesterol goals. We also were not able assess cases
in which patients were lost to follow-up. Some patients for whom
we have incomplete data may have transitioned to an outside
primary care practice before the end of the study period or may
have died. As we stated above, our inability to determine severity
of disease is a point that warrants further study. Another
limitation was our inability to determine those patients for whom
lipid-lowering therapy was absolutely contraindicated. To at-
tempt to account for some contraindications to therapy, we
excluded patients with liver disease from the analysis. Addition-
ally, previous work has shown that few patients have documen-
ted contraindications to lipid-lowering therapy.>” We faced the
challenge that NCEPATP IIl guidelines'® are not clear on the best
approach for management of lipids in patients older than
85 years. Because quality measurement does not consider this
exception (failure to manage high LDL cholesterol in this group is
still considered to be “poor quality care”), we applied guideline
criteria uniformly regardless of age. Notably, less than 4% of our
cohort was over the age of 85. Another limitation is that we
examined the association between comorbid conditions and
initiation of medication for a single target condition. The observed
relationships may differ for other conditions or other types of
interventions. Finally, our measure of comorbidity was not a
complete measure of patient complexity because we were not able
to account for other factors such as poor adherence, patient
preferences, or social barriers to care.

Among our cohort of primary care patients with hypertension
and elevated LDL cholesterol, the nature of the comorbid
conditions was associated with the likelihood of LDL cholesterol
management. Patients with an increasing number of discordant
conditions were less likely to receive guideline-consistent care
even in the presence of cardiovascular disease or risk equivalent.
Although some patients with a strong preference to reduce
medication burden or with reduced life expectancy may make a
decision not to start lipid-lowering therapy, most patients,
particularly those with cardiovascular disease, should be receiv-
ing guideline-consistent care for hyperlipidemia. Programs that
help set priorities for the medical encounter should be considered
to help focus physicians and patients on the important task of
cardiovascular risk reduction.
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