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CORONARY HEART DISEASE (CHD) is the lead-
ing cause of death in the industrialized world. In the

United States alone, more than 13 million people have
documented CHD, which leads to 1.5 million myocardial
infarctions (MIs) and 500,000 deaths every year. Extensive
clinical observations indicate that elevated blood concentra-
tions of low density lipoprotein cholesterol (LDL-C) in-
crease the risk of CHD and MI. Epidemiological studies
indicate that every 1% increase in blood concentration of total
cholesterol leads to an increase in CHD risk by 2%1; primary
and secondary prevention trials show that a 1% reduction of
cholesterol decreases risk by 2-5%.2,3

The National Cholesterol Education Program (NCEP)
recommends intensive treatment of elevated cholesterol lev-
els in patients with CHD (angina, documented coronary
artery disease, history of MI, history of percutaneous
transluminal coronary angioplasty or history of coronary
artery bypass graft) because these patients have a five- to
seven-fold increased risk for a CHD event. The two most
recent guidelines endorsed by the NCEP4, 5 state that patients
with CHD should have their serum lipids measured at least
annually, and that they should be treated to achieve an LDL-
C concentration of ≤100 mg/dL. Nonpharmaceutical therapy
(reduction of saturated fats and cholesterol in the diet, weight
loss, and regular physical activity) is indicated in all patients
with LDL-C >100 mg/dL. Cholesterol-lowering medica-
tions should be used to achieve target LDL-C in patients
who do not achieve goal after maximal nonpharmaceutical
therapy. Clinical trials over the past 5 years6-8 have solidified
the evidence of older trials9 advocating aggressive lowering of
cholesterol in patients with CHD. The  4S, CARE, and

LIPID trials of secondary prevention in patients with both
high and average cholesterol levels demonstrate that treat-
ment produces a 29-34% reduction in coronary events, a 24-
42% decrease in cardiac mortality , and a 24-30% reduction
in total mortality.6-8 Despite the proven benefits of treatment,
many patients with CHD do not receive therapy or are not
treated to goal. We designed the present study to assess how
well the current guidelines are being followed in a university
outpatient clinic, and to evaluate the importance of barriers
to success in patients who do not achieve these goals.

Methods

Patient Selection. We searched the Health Information Sys-
tem database at Duke University Medical Center to find
patients who had a discharge diagnosis of CHD (ICD-9
codes 410,411,412, and 414) made before April 1, 1997, and
had at least one visit to the Duke Outpatient Clinic between
April 1, 1997, and April 1, 1999. A total of 513 patients were
identified for further analysis.

Between 1996 and 1999, the Duke Outpatient Clinic
recorded more than 47,000 patient visits. Most patients were
poor and had no health insurance; 66% were women; 61%
were 50 years old or older; 69% were black and 27% white.
They were seen by resident physicians who spend one half-
day in the clinic each week. Faculty preceptors supervise all
patient encounters and frequently review established guide-
lines for care with house staff. The clinic has a full-time
pharmacist to assist patients with medications, and two full-
time social workers help patients enroll in financial and
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medication assistance programs. The rate at which patients
keep scheduled visits is low, in part because of employment
constraints, difficulties with transportation, or attendance at
another local low-cost clinic.

Low-Density Lipoprotein Cholesterol. The Duke Uni-
versity Medical Center computer database records of all 513
patients were reviewed to obtain the most recent LDL-C
values; the records of those whose most recent value was ~100
were sought to ascertain whether a value >100 had been
recorded in the Duke University Health System. We could
locate the charts of only 50 of the 71 patients whose LDL-
C was ≤100, so we randomly sampled 1/3 of the 197 charts
of patients who did not meet the LDL-C goal; only 52 of 66
could be found. The database records of patients except those
known to have low LDL-C were searched to identify the
following possible impediments to treatment success: age,
gender, follow-up rates, and the non-use of HMG-CoA
reductase inhibitor (“statin”) drugs.

Statin Potency. In order to compare potency across
differing dosages of different statin agents, the LDL-C-
lowering potencies of various drugs were obtained from the
CURVES study.10 When we encountered dosages not exam-
ined in the CURVES study, we used linear interpolation to
estimate the LDL-C lowering potency.

Statistics. For comparisons of differences in categorical
outcomes, we used the chi-square statistic to determine
statistical significance. The percentage or mean value for the
group as a whole was used to determine the expected values
for each category. To compare peak LDL-C levels and statin
potency, we used Students’ t statistic for mean values of
groups.

Results

Patient Demographics. The 513 patients studied had an
average age of 59; most were African-American men on
Medicare (Table 1).

Were Goals Achieved? Only 348 (68%) of the 513 pa-

tients who had discharge diagnoses of MI or coronary artery
disease (CAD) and who were seen in the Duke Outpatient
Clinic during the two study years had their LDL-C levels
measured even once during the two-year period (Table 2). In
only 151 (43%) of the 348 did their last LDL-C measure-
ment show that they were at the goal of ~100 mg/dL, but
review of the entire database showed that 80 of these 151
patients had never had an LDL-C concentration above 100.
Excluding those 80 patients, only 71 (27%) of the remaining
268 patients (who had at least one elevated LDL-C) had
achieved the goal of ~100 mg/dL.

As shown in Table 2, LDL-C was elevated in 268 of 348
(77%) patients who had it evaluated during the study period.
There is no reason to suspect that the same proportions
would not hold for the 165 patients who never had their
LDL-C measured, and no reason to suspect that elevated
values would decrease spontaneously. This means that only
71 of about 395 (Table 2) of our patients with elevated LDL-
C actually achieved the goal LDL-C—a disheartening 18%.

Identifying Barriers To Treatment. We hypothesized
five reasons that might help explain why so few patients
achieved LDL-C goals:

1. Elderly patients were less aggressively treated.
2. Female patients were less aggressively treated.
3. Patients who did not keep appointments were less

likely to meet the goal.
4. Patients who could not afford to buy statins did not

use them.
5. Patients did not have doses of statins titrated upward

to meet the goal.
To assess these hypotheses, we reviewed the charts of

the 268 patients who began with an elevated LDL-C, and
compared the 71 who met the goal with the 197 subjects who
did not.

Effects of Age. Patients were divided into three groups:
those aged less than 65, those aged 65-74, and those 75 and
older. Table 3 shows the percentage of each group that had
LDL-C measured and the percentage of those with LDL-C
>100 that achieved the goal. With advancing age there was

Table 1. Demographic data on 513 study patients

Age   %   Gender % Race % Insurance    %

20-29    1   Female 43 Black 60 Blue Cross      1
30-39    3   Male                57 White 37 Capitated      *
40-49  15 Indian   1 Commercial     2
50-59  27 Hispanic   1 Managed Care     3
60-69  37 Asian   * Medicaid   13
70-79  18 Medicare    68

Self Pay    12
Other      2

*2 patients
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a significant decrease in
percentage of subjects in
whom LDL-C was
measured (chi-square
statistic 11.75, p<0.005),
but the small differences
in the percentage at
LDL-C goal were not
statistically significant
(chi-square statistic
0.022).

Effects of Gender.
The percentage of men
and women patients who
had LDL-C measured
and the percentage of
those with LDL-C >100
who met the goal are
shown in Table 3. There
were no significant dif-
ferences in the slightly

Effects Of Statin Use. We located 50 of the 71 charts of
patients who reached LDL-C goals after having had an
elevated LDL- C, and compared data from these to data
from 52 located charts (of 66 sought) randomly selected from
the 201 patients with elevated LDL-C who did not reach
their goal. Nineteen (38%) of the 50 patients who succeeded
were taking statin drugs when they achieved the goal, but 29
(56%) of the 52 of the patients who failed were also taking
statins (chi-square statistic 1.713, NS). Interestingly, the
highest recorded concentration of LDL-C was significantly
greater in those who failed to reach the goal than in those who

Table 2.  Low density lipoprotein cholesterol measurement and outcomes of treatment in 513
 outpatients with coronary artery disease

Patients LDL-C never  At risk       Reached Failed to
in group high        goal reach goal

Had LDL-C measured in clinic    348
   Never high    80
   At risk    268
   Reached goal           71
   Failed to reach goal    197

Did not have LDL-C measured    165
   Assume never high    38
   Assume at risk    127
   Assume could have reached goal, but not treated           44
   Assume would fail to reach goal      83

Totals    513  118    395            71                    324

Table 3. Effects of age, gender, and follow-up on percentage of patients who have
LDL-C screening and percentage of those at risk who reach treatment goals.

Age          No. of patients LDL-C measured               No. at risk*                At goal
 <65 220          74%          131 27%
 65-74 130          73%            70 26%
 >75 163          55%            67 27%

Gender
 Male 252          72%          136 34%
 Female 261          64%          132 27%

Year last seen
 1997 109          55%            41 29%
 1998 174          67%            89 24%
 1999 230          76%          138 25%

*At risk = LDL-C ever >100

increased percentage of men who had LDL-C measured
(chi-square statistic 2.96. p=0.09), or the slightly decreased
percentage of women who met the goal (chi-square statistic
2.75, p = 0.10).

Effects of Follow-up. Patients were divided into three
groups based on whether their last follow-up appointment in
the Duke Outpatient Clinic occurred in 1997, 1998, or 1999
(Table 3). Those with recent follow-up appointments were
more likely to have had their LDL-C checked (chi-square
statistic 10.19, p<0.01), but not more likely to reach the goal
(chi-square statistic 1.92, NS).
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succeeded (161.8 mg/dL vs 141.2 mg/dL; p<0.001). This
may explain the higher percentage of statin use in patients
who failed to meet the goal (because those who succeeded
may have been able to reach their goal with diet and exercise
alone, and therefore not need statins).

Effects of Statin Potency. The LDL-C lowering percent-
age (LLP) potency of statins used by patients who met goals
did not differ from the LLP of those who did not (LLP of
32.8 ±7.6 [SD] vs 33.3±6.5[SD]). It is noteworthy that none
of the 29 unsuccessful patients who were on statins were
using the maximum recommended dose of their medication.

Discussion

Strong evidence supports the conclusion that lowering blood
lipid concentrations reduces subsequent events in patients
with CAD.6-9 In 2001 the NCEP updated its previous
guidelines for screening and treatment in the primary and
secondary prevention of CHD.5 Our retrospective study of
secondary prevention in CHD patients attending a resident
clinic found suboptimal adherence to NCEP screening and
treatment guidelines—results similar to those found in other
studies.

Screening. The NCEP recommends annual screening
for secondary prevention. We found that only 348/513 (68%)
of our patients with diagnosed CAD were screened for
elevated LDL-C during a two-year period.

Failure of doctors to comply with screening recommen-
dations is well documented in the literature, which shows
cholesterol screening rates ranging from 19% to 84%. The
best rate was found in a retrospective review of 1,004
managed care patients; 84% had total cholesterol and 67%
had HDL-C measured during a 5 year period.11 At the other
end of the spectrum, Caggiula et al found that only 19% of
9,171 primary care patients were screened or properly fol-
lowed for their cholesterol.12 Primary prevention studies in
the primary care setting routinely find screening rates of less
than 50%.

Secondary prevention fares no better, with screening
rates only up to 67%.13 One study of 225 patients admitted to
a coronary care unit (two-thirds of whom had documented
CHD) found that only 50% of those who should have had a
full lipid panel actually had one.14

Multiple attempts to improve screening performance
have met with little success. Lectures,15,16 pamphlets, and
group counseling for patients,17 and chart reminders for
physicians18 fail to significantly improve cholesterol screen-
ing rates. Modest improvements have been seen with direct
feedback to physicians about specific patients,16,18 and screen-
ing rates near 90% have been achieved with a combination of
feedback, peer review, and financial incentives.19 The gold
standard remains the dedicated lipid clinic where screening
rates exceed 99%.20

Treatment. NCEP guidelines call for patients with
CHD to have an LDL-C of ≤100. Only 18% of the patients
in our cohort achieved this goal. The literature is full of
studies demonstrating the failure of doctors to treat patients
to goal. The primary care literature shows that NCEP
cholesterol goals were reached in 28% and 39% of outpatients
treated by cardiologists, and in even smaller percentages of
patients treated by primary care physicians.20,21 It has been
estimated that 36% of all US outpatients have cholesterol
levels high enough to need treatment, but only 12-20%
actually get it.22 A secondary prevention study involving
primary care physicians and cardiologists noted that LDL-C
levels were elevated in 84% of patients, only 46% of whom
received drug therapy.20 And, at hospital discharge from a
coronary care unit, lipid-lowering therapy was prescribed for
only 36-46% of those who needed it.14

As with screening, interventions to improve the treat-
ment efficacy have met with little success. Continuing Medi-
cal Education programs,15 pamphlets and group counseling
for patients,29 chart reminders,16 and intensive advice23 have
all failed to help. Dietary advice from trained dietitians, other
health care providers, or from a pamphlet leads to modest
reduction in cholesterol.24 Computer-based systems, how-
ever, have demonstrated promising positive results in dietary
management and direct lipid management.25,26 When spe-
cific personnel, such as nurses trained in lipid management,
are added to the health care team, a higher percentage of
patients reach LDL-C goal levels (26% versus 10%).27 Simi-
larly, a pharmacist working in conjunction with physicians
doubled the rate of success in achieving NCEP goals after six
months (43% versus 21%).50 A dedicated lipid clinic got 93%
of patients to take drug therapy, and 41% met goal levels.20

Barriers to Achieving Goals. We examined five factors
suspected of impeding patients’ success in meeting NCEP
guidelines for screening and treatment. Secondary screening
rates were significantly affected by patient age (older patients
were less likely to have their LDL-C measured), and regular
follow-up (a recent appointment made patients more likely
to have their LDL-C measured). Gender did not signifi-
cantly affect secondary screening rates, and none of the five
putative barriers (age, patient gender, date of last clinic
appointment, statin potency, or rate of statin use) signifi-
cantly affected achievement of goal LDL-C. The one vari-
able that was significantly related to achievement of goal was
the peak pretreatment level of LDL-C. Patients who failed
to reach goal were much more likely to have LDL-C >160
mg/dL. These patients need more aggressive treatment than
patients with lower LDL-C, but we found only a nonsignifi-
cant trend toward use of statin medications in these patients,
and at the end of two years they were no more likely to be on
higher potency statin regimens than patients who had achieved
goal LDL-C. This suggests that the failure of physicians to
dose statins adequately, and their failure to titrate doses
upward after initial failure to meet goal LDL-C, is the major
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barrier to adequate lipid lowering in this patient population.
Other studies have examined these same barriers to

achievement of NCEP goals. Only 24% of a group of
Veterans Administration patients being treated for second-
ary prevention met LDL-C goal, and only 2 of 90 patients
were maximally medicated.13 However, Schectman and Hiatt
showed that medications are effective when used diligently.
They studied 244 patients with CHD and found that 75% of
those with LDL-C ~160 could achieve goal with medica-
tions.29 A study of the effect of age found that only 7% of
patients aged 60-80 with a recent MI and LDL-C >125 were
being treated with medication.30

Socioeconomic status was felt to be a barrier in one self-
report study,32 but another study comparing public and
private cardiology clinics found socioeconomic status to be
less of a factor than individual physician practices.33 Two
studies have associated minority racial status (African-Ameri-
can and Latino patients) with poor physician compliance
with guidelines.32,34 Two studies that looked comprehen-
sively at factors associated with achieving LDL-C goal found
that use of lipid-lowering agents was higher in patients who
were married, better educated, had fewer risk factors, and
maintained dietary compliance; it was lower when patients
were elderly, of minority race, did not exercise, drank alcohol,
and smoked.29,31

Our resident clinic’s performance in achieving NCEP
goals for lipid management in secondary prevention of CAD
was similar to or better than what is reported in the literature.
Unfortunately, the most effective solutions for improving
compliance are also the most expensive: augmenting the
healthcare team with nurses, pharmacists, or a consultant
from a dedicated lipid clinic. Computer-based adjuncts may
be more economical, but are not yet proven to be as effective
as human consultants. Our study suggests that, despite the
enormous recent educational focus on the large contribution
of serum lipid levels to CHD and the relative ease of
treatment with well tolerated medications, doctors still need
to improve their practice patterns.
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