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BACKGROUND: Identification of dyslipidemia and treatment with lipid-lowering

agents are established targets for quality performance during hospitalization for

ischemic stroke and transient ischemic attack (TIA). We aimed to study the fre-

quency and predictors of lipid assessment and discharge utilization of lipid-

lowering therapies among patients hospitalized for stroke and TIA.

METHODS: Demographics, clinical findings, and laboratory data were documented

as part of the California Acute Stroke Prototype Registry (CASPR). Frequency of

low-density lipoprotein cholesterol (LDL-C) testing and the frequency and appro-

priate use of lipid-lowering treatment according to national cholesterol guidelines

were determined. Multivariate models were generated to determine the contribu-

tion of clinical variables to LDL testing and prescription of lipid-lowering medica-

tions at discharge.

RESULTS: Data were collected on 764 consecutive patients with ischemic stroke or

TIA treated at 11 hospitals over a 2-year period. LDL-C measurements were

performed in only 50.1% during hospitalization. Measurement of LDL-C was most

strongly and independently associated with diagnosis of ischemic stroke (vs. TIA,

P � .02) and history of dyslipidemia (P � .05). Overall, 48.4% of the CASPR cohort

received lipid-lowering medications at discharge. Independent predictors for being

prescribed lipid-lowering agents at discharge were diagnosis of ischemic stroke (P

� .0009), LDL-C testing (P � .0002), high risk of future coronary events according

to national guidelines (P � .02), and history of dyslipidemia (P� .0001). Only 59%

of patients at high risk for future coronary events were discharged on a lipid-

lowering medication.

CONCLUSIONS: Serum cholesterol testing and treatment are underutilized during

hospitalization for ischemic stroke or TIA. Journal of Hospital Medicine 2006;1:

214 –220. © 2006 Society of Hospital Medicine.
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prevention.

Aortocervicocephalic atherosclerotic disease and coronary ar-
tery disease share common risk factors, and patients with one

condition are at high risk of harboring or developing the other.1,2

Over the past decade, several randomized clinical trials of lipid-
lowering medications designed to reduce low-density lipoprotein
cholesterol (LDL-C) have shown a significant decrease in the risk
of coronary events and ischemic stroke among patients who have
a history of or are at risk for coronary artery disease, regardless of
whether serum cholesterol is elevated.3,4 Results from more than
3000 stroke patients enrolled in the Heart Protection Study also
provide evidence that aggressive lipid-lowering therapy may pre-
vent recurrent vascular events in individuals who have a total
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cholesterol level as low as 135 mg/dL and cerebro-
vascular disease, with or without known coronary
artery disease.5

Guidelines from the National Cholesterol Eval-
uation Program Adult Treatment Panel (ATP) pro-
vide target LDL-C levels for persons with athero-
sclerotic disease depending on the extent of their
vascular risk.6 However, despite the broad dissem-
ination of these guidelines, several published stud-
ies of patients with coronary artery disease or dys-
lipidemia have shown that a large proportion of
patients with high vascular risk continue to be un-
derscreened, underdiagnosed, and undertreated for
dyslipidemia.7–9

Few studies have evaluated the quality of cho-
lesterol management among hospitalized patients
who have experienced an acute ischemic cerebro-
vascular event10,11 So the data are scarce on the
management of patients hospitalized for ischemic
stroke or transient ischemic attack (TIA) who are,
according to ATP criteria, at high risk for future
coronary events and on the factors that may govern
that management. Systematic reviews have sug-
gested that incorporating a lipid profile during
acute stroke presentation could assure baseline as-
sessment and serve as a potential cue for physicians
to change their behavior,12 and an American Stroke
Association advisory recommends lipid treatment
during hospitalization for most patients with isch-
emic stroke or TIA as it may increase the rate of
long-term use.“13

The objectives of this study were to determine
the rates of testing for and treatment of dyslipide-
mia according to national cholesterol guidelines
among individuals hospitalized with acute ischemic
stroke or TIA and to identify predictors of perfor-
mance.

METHODS
The California Acute Stroke Prototype Registry
(CASPR) is a Centers for Disease Control–sponsored
cohort that captured detailed data on patients ad-
mitted to 11 hospitals over a 2-year period. The
methods of study have been described elsewhere.14

In brief, CASPR prospectively collected information
on acute stroke care at 11 representative hospitals
in 5 major population regions of California. Data
were collected on diagnostic evaluation, appropri-
ate use of treatment strategies, and disposition on
discharge from the hospital. The main goal of
CASPR was to pilot-test a prototype prospective
registry of acute stroke and transient ischemic at-

tack to be used as a quality improvement tool. The
study population was patients with an admitting or
discharge diagnosis of suspected stroke or TIA from
November 1, 2002, through January 31, 2003, and
from November 1, 2003, through January 31, 2004.
The human subjects review board at each partici-
pating center approved the study.

For the present analysis, data on all patients
with a discharge diagnosis of ischemic stroke or TIA
who were admitted during either period were in-
cluded. We examined the possible association of
several variables with 2 primary outcomes: (1) test-
ing lipid profile during hospitalization (as indicated
by a documented LDL-C level) and (2) prescribing
lipid-lowering medication at discharge. In those
analyses in which lipid profile testing was the out-
come, no variables were considered acceptable rea-
sons for not performing an LDL-C assessment.

The distribution of LDL-C levels in this portion
of the cohort was determined. Patients were then
categorized according to their risk for future coro-
nary events. Patients were classified as “at risk for
coronary events” (ACE) if they either had a docu-
mented history of myocardial infarction, coronary
artery disease, or diabetes or had undergone ca-
rotid endarterectomy or carotid angioplasty/stent-
ing during hospitalization. Criteria for initiating lip-
id-lowering therapy were defined according to the
ATP III guidelines,6 which were in effect during
both CASPR study periods. Continuing the recom-
mendation in ATP II, the ATP III recommendations
emphasized that persons with documented coro-
nary artery disease (CAD) receive the most aggres-
sive lipid-lowering treatment. But this recommen-
dation was expanded to include patients without
established CAD, whose coronary risk is equivalent
to that of patients with diagnosed CAD.6

As per the ATP III guidelines, CASPR-ACE pa-
tients were considered optimally treated if they
were prescribed a lipid-lowering agent at discharge
or if their documented LDL-C was less than 130
mg/dL. A concurrent history of liver disease, abnor-
mal prothrombin time, life expectancy of less than
1 year, and terminal illness were each considered a
valid contraindication to treatment with lipid-low-
ering medication. Optimal treatment for non-ACE
patients was defined as receipt of lipid-lowering
medication at discharge or a documented LDL-C of
160 mg/dL. The rate of optimal treatment of ACE
patients was compared to that of non-ACE patients.
The ACE and non-ACE patients were then further
categorized into 1 of 4 groups according to LDL-C
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level—�100, 100-130, 130-160, and �160 mg/dL—
and an assessment for trend of the rate of treatment
in each of the 4 categories in the ACE and non-ACE
groups was performed.

Data Analysis
Univariate analyses of potential risk factors with
lipid testing and treatment were performed using
generalized estimating equations (GEEs) in order to
account for both within-hospital and between-hos-
pital variance and to acknowledge the impact of
clustered observations on confidence intervals.
Variables significant at the � � .10 level were in-
cluded in the multivariate models. In the subanaly-
ses of patients with documented LDL-C tests, GEE
models were also used to examine factors associ-
ated with having an LDL-C level below 100 mg/dL.
A chi-square test was used to compare the rate of
optimal treatment (as defined above) in the group
at risk for coronary disease with that in the group
not at risk. The Mantel-Haenszel chi-squared test
was used to compare trends in treatment rate with
increasing LDL-C level. All analyses were performed
using SAS (version 8e, SAS Institute, Cary, NC).

RESULTS
Data were available from the 11 CASPR hospitals for
764 patients diagnosed with either ischemic stroke
or TIA. Overall, 53.4% of subjects were women, and
the average age at hospitalization of 70.4 (� 15.4)
years. In the cohort, 55.3% of the patients were
non-Hispanic white, 9.7% were African American,
13.4% were Hispanic, 13% were Asian, and 8.6%
were classified as “other.” Three hundred and nine
individuals (40.5% of the cohort) were classified as
“at risk for coronary events.” Of these, 148 (47.8%)
had diabetes only, and 160 (51.8%) had a history of
MI, CAD, or both. One patient (0.4%) had under-
gone angioplasty/stenting during hospitalization
but had no history of MI, CAD, or diabetes. Only 4
patients (0.52% of the entire cohort) had undergone
a carotid endarterectomy or angioplasty/stenting
during hospitalization. Rates of lipid assessment
and optimal treatment varied widely between hos-
pitals, but testing and treatment were correlated for
each hospital. Overall, however, testing and treat-
ment were correlated (Pearson correlation coeffi-
cient � 0.35, P � .0001). On an individual hospital
level, the correlation was positive and significant
for 6 hospitals, positive but not significant for 2
hospitals, and negative but not significant for 3
hospitals.

Overall, LDL-C levels were determined in 383
patients (50.1%). The likelihood that a patient
would have an LDL-C test performed during hospi-
talization varied widely by hospital, ranging from
12% to 88% (P � .0001). Univariate variables signif-
icantly associated with documented LDL-C mea-
surement in the overall cohort at the � � .10 level
were diagnosis of ischemic stroke (as compared to
TIA) and history of dyslipidemia (Table 1). In the
CASPR cohort, 53% of the ACE subjects received a
lipid profile assessment compared to 48% in the
rest of the cohort (P � .14). In multivariate analysis,
diagnosis of ischemic stroke and history of dyslipi-
demia remained significantly associated with doc-
umented LDL-C measurement (Table 1).

Lipid-lowering drugs were prescribed at dis-
charge to 370 patients (48.4%); however, treatment
rate varied among hospitals, from a low of 13% of
patients to a high of 84% of patients (P � .0001).
Univariate factors associated with a higher treat-
ment rate at the � � .10 level were diagnosis of
ischemic stroke, history of stroke/TIA, history of
diabetes, hypertension, history of dyslipidemia, in-
dependent ambulation at discharge, and ACE status
(Table 2). Patients were less likely to receive lipid-
lowering medication if they had a history of heart
failure. Fifty-nine percent of the CASPR ACE sub-
jects were discharged on lipid-modifying agents
compared to 42% in the rest of the cohort (P
� .0006). Multivariate analyses revealed several in-
dependent predictors of treatment with lipid-low-
ering medication. Diagnosis of ischemic stroke,
ACE status, and history of heart failure were nega-
tive predictors (less likely to be treated), and history
of dyslipidemia was a positive predictor (Table 2).
Status as an academic hospital was a hospital char-
acteristic for which a significant association was
found. Academic hospitals were significantly more
likely to both perform LDL profiles and administer
lipid-lowering medications at discharge than were
nonacademic hospitals. This association was found
in a logistic regression analysis that did not account
for between-hospital variance. However, when we
used GEE analysis, which adjusted for the variance,
the difference between academic and nonacademic
hospitals was no longer significant.

Three of the patients with documented LDL-C
levels (0.8%) had documented contraindications to
therapy. Among all those who had documented
LDL-C levels, the rate of appropriate treatment with
lipid-lowering medications was high in both the
ACE and non-ACE groups (94.6% and 98.6%, re-
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spectively; P � .02). However, because only a small
number of patients did not receive optimal treat-
ment, the odds ratio of 0.24 had a fairly wide con-
fidence interval (95% CI � 0.06, 0.91). Although a
trend toward a higher rate of treatment with in-
creasing LDL-C level was seen in both the ACE and
non-ACE groups, this trend was only significant for
the group with non-ACE patients (Figure 1).

DISCUSSION
We found that only half the patients hospitalized
for ischemic stroke or TIA had LDL-C levels tested
while in the hospital, even among those identified
by the ATP guidelines as at high risk for future
coronary events. Our findings are in accord with
those of the Coverdell Project, which evaluated key
features of acute stroke care from 4 prototype reg-
istries, those in Georgia, Massachusetts, Michigan,
and Ohio, finding that fewer than 40% of acute
stroke patients had had lipid profiles checked dur-

ing hospitalization.11 Our study also evaluated pre-
dictors for in-hospital lipid testing and lipid-lower-
ing treatment during hospitalization for an acute
ischemic cerebrovascular event. We found that
lipid testing was correlated with treatment during
stroke or TIA hospitalization, suggesting that in-
hospital lipid management is related to an overall
appreciation of the importance of lipids.

Understanding the factors resulting in such un-
derperformance is critical for improving patient
care and outcomes. Lipid assessment and treat-
ment rates varied widely between CASPR hospitals,
reflecting dramatic differences in hospital practice.
This finding is similar to that noted in a recent
study performed in Europe10 and underscores the
need to promote a more uniform approach to in-
hospital care of patients with ischemic stroke or
TIA. Our study also found that ischemic stroke pa-
tients were much more likely to have their lipid
level measured and to be discharged on a lipid-

TABLE 1
Low-Density Lipoprotein Cholesterol (LDL-C) Testing During Hospitalization for Stroke/TIA

Characteristic n

With LDL-C Univariatea

P value

Adjusteda

P valueno. % OR (95% CI) OR (95% CI)

Median age
� 73 years 385 210 (54.5) Ref

� 73 years 379 173 (45.6) 0.95 (0.68, 1.34) .78
Sex

Female 408 189 (46.3) Ref
Male 356 194 (54.5) 1.05 (0.84, 1.39) .53

Ethnicity
Other 341 190 (56.3) Ref
White 423 193 (45.6) 0.88 (0.60, 1.30) .53

Event type
TIA 172 62 (36) Ref Ref
Ischemic stroke 592 321 (54) 1.70 (1.14, 2.54) .01 1.52 (1.06, 2.19) .02

Risk of coronary events 309 165 (53.4) 1.14 (0.78, 1.68) .50
History of:b

Stroke/TIA 277 122 (44.0) 0.85 (0.58, 1.24) .39
Dyslipidemia 67 32 (47.8) 0.94 (0.47, 1.90) .86
MI 132 63 (47.7) 0.84 (0.65, 1.08) .17
CAD 158 96 (60.8) 0.95 (0.67, 1.34) .76
Smoking 83 31 (37.3) 0.67 (0.40, 1.10) .12
Heart failure 199 109 (54.8) 1.13 (0.74, 1.73) .58
Diabetes 516 259 (50.2) 1.09 (0.83, 1.44) .54
Hypertension 243 140 (57.6) 1.45 (0.98, 2.14) .07 1.41 (1.01, 1.97) .05
Atrial fibrillation 125 56 (44.8) 0.95 (0.69, 1.32) .76

Received tPA
No 748 371 (49.6) Ref
Yes 16 12 (75.0) 2.01 (0.79, 5.11) .14

a All analyses were performed using GEE. b Referent groups are those without a history of the specified medical condition.

Lipid Management during Stroke Hospitalization / Ovbiagele et al. 217



lowering agent than were TIA patients. This may be
so because many treating health care professionals
perceive TIAs as benign events that carry a more
favorable prognosis than do strokes, or it could be
that the length of stay for a TIA, often shorter than
that for a stroke, limited in-hospital testing or plan-
ning for patient follow-up.

A high proportion of non-ACE, lipid-tested
stroke/TIA patients received lipid-lowering drug
treatment, even when their lipid levels were within
the treatment range categorized as nonpharmaco-
logic by the national guidelines. This finding could
be a result of one of the goals of the primary

study.15 In the primary study, the effect of stan-
dardized orders implemented during the second
observational period were analyzed by comparing
them to those in place during the first observational
period to see if they had improved the in-hospital
stroke care process. One of the study goals was
“optimal” discharge utilization of a lipid-lowering
agent, defined as prescription of a lipid modifier or
an LDL � 100 mg/dL. There was a significant in-
crease in the number of prescriptions for lipid mod-
ifiers at discharge after implementing the standard-
ized orders.15 However, as this study has shown,
when existing national cholesterol guidelines were

TABLE 2
Utilization of Lipid-Lowering Medications at Discharge Following Hospitalization for Stroke/TIA

Characteristic n

Use of lipid-
lowering
medication Univariatea

P value

Adjusteda

P valueno. % OR (95% CI) OR (95% CI)

Median age
� 73 years 385 208 (54.0) Ref
� 73 years 379 162 (42.7) 0.79 (0.59, 1.06) .11

Sex
Female 408 184 (45.1) Ref
Male 356 186 (52.2) 1.05 (0.89, 1.25) .55

Ethnicity
Other 341 190 (55.7) Ref
White 423 193 (45.6) 0.88 (0.61, 1.27) .55

Event type
TIA 172 58 (34) Ref Ref
Ischemic stroke 592 312 (53) 1.92 (1.39, 2.65) � .0001 1.95 (1.33, 2.85) .0009

At risk, coronary events 309 181 (58.6) 1.83 (1.30, 2.59) .0006 1.49 (1.06, 2.10) .02
History of: b

Stroke/TIA 277 141 (50.9) 1.43 (0.97, 2.12) .07 1.30 4(0.87, 2.08) .18

Dyslipidemia 243 192 (79.0) 6.62 (3.28, 13.36)
� .00

01 5.77 2.65, 12.54) � .0001
MI 67 42 (62.7) 1.77 (0.90, 3.45) .10 a

CAD 132 28 (21.2) 1.49 (0.87, 2.54) .14
Smoking 158 89 (56.3) 1.00 (0.74, 1.28) .86
Heart failure 83 28 (33.7) 0.60 (0.41, 0.87) .007 0.40 0.26, 0.61) � .0001
Diabetes 199 119 (59.8) 1.67 (1.26, 2.20) .007 a

Hypertension 516 271 (52.5)
(1.45,

2.27) � .0001 1.36
7(0.88,

2.212) .16
Atrial fibrillation 125 51 (40.8) 0.79 (0.55, 1.12) 18

Received lipid profile 383 253 (66.1) 2.77 (1.75, 4.38) � .0001 2.46 (1.53, 3.97) .0002
Received tPA

No 748 360 (48.1) Ref
Yes 16 9 (56.3) 1.26 (0.58, 2.71) .56

Ambulatory at
discharge 400 206 (51.5) 1.36 (1.05, 1.78) .02 1.33 (0.96, 1.80) 0.09

a All analyses were performed using GEE. Predictors significant at the � .10 level were included in multivariate analyses, except for history of diabetes and MI, which were included in the definition of “at risk for

coronary sequelae.”
b Referent groups are those without a history of the specified medical condition.
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strictly applied to all the patients,6 overall there was
a suboptimal rate of utilization of lipid modifiers at
discharge.

Lipid profile assessment during stroke admis-
sion is one of the 10 performance measures in the
performance measure set of the Joint Commission
on Accreditation of Healthcare Organizations
(JCAHO) Stroke Disease-Specific Care.16 Initiating
therapy with lipid-lowering agents before discharge
may help to maintain continuity of care and clarify
therapeutic intent, especially when a different phy-
sician is responsible for care after discharge from
the hospital. Recent studies indicated that in-hos-
pital initiation of medication following admission
for a vascular event tends to improve longer-term
patient adherence to treatment,17,18 as well as vas-
cular outcomes,19,20 and is a strategy favored by the
American Stroke Association.13,21

This study had several limitations. Our defini-
tions of dyslipidemia and of adherence to ATP III
goals were based on single measurements of LDL-
C, rather than multiple determinations of lipopro-
tein subfractions. However, we believe that this ap-
proach parallels actual clinical practice more
closely. Although LDL-C is the most important of all
the components of the lipid profile,6 because lipid
subfractions other than LDL-C were not collected
in the CASPR registry, we may have misclassified a
few patients. For instance, extremely high trigylcer-
ide levels can render LDL-C levels inaccurate, and
as such, not having a documented LDL-C may not
have always indicated that a lipid panel was not
performed. It is also conceivable that physicians
might actually have been more thorough in mea-
suring LDL-C, identifying contraindications to lip-
id-lowering therapy, or instituting lipid-lowering

therapy than were noted in the hospital charts. How-
ever, for quality assurance purposes, what is docu-
mented is the only traceable record of what was ac-
tually asked for or done. As such, health care
professionals are frequently encouraged to keep up-
dated chart notes. This study was an assessment of
in-hospital behavior; the low utilization of lipid-low-
ering agents observed may underestimate the final
treatment rate, as we did not evaluate the postdis-
charge rate of therapy. However, recent data suggest
in-hospital prescription patterns are a major predic-
tor of longer-term care in the community.17,22 Last,
the CASPR investigators did not collect data on the
rate of utilization of lipid agents prior to hospitaliza-
tion or on the mechanisms by which the strokes and
TIAs had occurred. Prehospital utilization of lipid
agents has previously been revealed to influence the
prescribing of lipid-lowering agents at discharge.10

Knowledge of the mechanisms of the stroke and TIA
events would have increased the number of those
eligible for lipid treatment, particularly those whose
events were to the result of an atherosclerotic mech-
anism per ATP III’s more expansive definition of CHD
risk equivalents, which includes “carotid” and “other
forms of clinical atherosclerotic disease.”6 However,
because the results of other studies that evaluated
lipid management in all hospitalized stroke patients
(regardless of mechanism)11,23 or in all patients with
any form of clinical atherosclerotic disease24 were in
accord with those of our study, it would appear un-
likely that such information would have made an
overwhelming difference to our results.

In conclusion, the results of the present study
suggest that considerable improvement is needed
in identifying appropriate candidates among those
who have had stroke or TIA and treating them with
lipid-lowering agents. Performing lipid testing in
individuals hospitalized with ischemic stroke or TIA
is important because it may inform the identifica-
tion of persons for whom treatment should be ini-
tiated or modified. Lipid assessment during hospi-
talization for stroke/TIA and initiation of lipid-
lowering therapy when indicated are major
management steps that all patients with ischemic
cerebrovascular events should receive.
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FIGURE 1. Percentage of hospitalized (who had lipid levels drawn) ischemic

stroke/TIA patients with (solid) and without (hatched) risk for future coronary

events who were treated with lipid lowering medications, by low-density

lipoprotein cholesterol (LDL-C) levels.
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