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Abstract

Prevention of coronary heart disease is a major pub-
lic health goal. The efficacy of lovastatin in lowering
serum cholesterol has been proven in research stud-
ies, but its efficacy in practice is unclear. To evaluate
our practice patterns and outcome in the Veterans
Administration Northern California System of Clinics,
we reviewed computer-based records of 203 unse-
lected patients issued lovastatin; 193 (95%) were
men, and the average patient age was 66 + 9 years.
The average daily dose of lovastatin was 24 * 10 mg,
and average duration of therapy was 22 + 11 months.
Only 72 patients (35%) were instructed on the pre-
scription to take their medication with the evening
meal, and only 59 patients (29%) had seen a dietitian
during the observed (1 to 3 years) treatment period.
Nevertheless, among the 124 patients with pretreat-
ment lipid data, total serum cholesterol decreased by
18% from 271 * 45 to 221 + 41 mg/dL (P < 0.001),
and low density lipoprotein (LDL)-cholesterol de-
creased by 23% from 185 * 43 to 143 * 37 (P < 0.001)
mg/dL. High density lipoprotein-cholesterol and
triglycerides were unchanged. Of the 168 patients
with LDL-cholesterol data during the treatment peri-
od, only 74 (44%) achieved an LDL-cholesterol level
of less than 130 mg/dL, the minimum goal for a pop-
ulation of older males with a high incidence of other
cardiac risk factors. Safety surveillance with liver
function testing was performed at least once in 192
patients (95%), but with creatine phosphokinase
(CPK) testing in only 123 patients (61%) during the
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survey period. Enzyme elevations were minor, but
occurred at least intermittently in approximately one
quarter of patients. Only 5.7% of patients on lovas-
tatin manifested an increase in transaminases on ther-
apy. Due to incomplete baseline data, it is unclear
how many patients had elevated CPK as a result of
lovastatin. We conclude that: (1) lovastatin is effective
in lowering total and LDL-cholesterol in practice, but
is often used in dosage insufficient to lower LDL-cho-
lesterol to goal levels; (2) patients are not being ade-
quately educated on dosing schedules; (3) toxicity
may be underestimated by infrequent and inconsistent
surveillance; and (4) nonpharmacologic therapy is
underutilized.

(Am ] Man Care 1997;3:1537-1545)

death in the United States. Preventive therapy

is based primarily on the lipid hypothesis, and a
major national program has evolved with specific goal
levels for total cholesterol and low density lipoprotein
(LLDL)-cholesterol.’ Implementing strategies for low-
ering elevated serum cholesterol is costly, and it is
therefore important to assess outcome.

Four 3-hydroxy-3-methylglutaryl-coenzyme A
(HMG-CoA) reductase inhibitors, collectively referred
to as statins, have been in use in the United States since
1987, when lovastatin was first introduced. These
agents, given orally, have been shown experimentally to
be effective in lowering both total cholesterol and
LDL-cholesterol. They have also been heavily promot-
ed, and may, as a result, at times be prescribed inappro-
priately, without full consideration of factors such as
optimal dosing, adequate patient education, or screen-
ing for toxicity.

The VA Northern California Health Care System
(VANCHCGS), formerly referred to as VA Northern
California System of Clinics (VANCSQ), is a network
of four outpatient facilities, located in Martinez,
Oakland, Sacramento, and Redding, CA. The system

C oronary heart disease is the leading cause of
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serves some 30,000 to 35,000 veterans and spends more
than $500,000 annually to provide cholesterol-lowering
medications. In order to evaluate our prescribing pat-
terns and patient outcomes, we reviewed computer
records of patients given lovastatin. Hypotheses readily
testable by this approach included:

1. Lovastatin lowers both total and LDL-cholesterol
in unselected patients in an outpatient setting,
but goal levels are often not reached.

2. Providers infrequently survey lovastatin-treated
patients for drug efficacy or toxicity.

3. Diet education is underutilized.

Because one of our goals was to explore computer-
ized data retrieval, both for rapidity and to obviate the
need for cumbersome and erratic chart retrieval, we
focused only on computer-accessible parameters.

. MATERIALS AND METHODS -

The VA Decentralized Hospital Computer Program
(DHCP) pharmacy database was searched to identify
all veterans enrolled in VANCSC who had received a
written prescription for lovastatin‘in the 12 month
period ending October 1, 1993. This includes patients
who are filling their prescription and those who are
not. Those receiving care in the Oakland and Martinez
outpatient clinics were selected for analysis, because
in these clinics lipid management was primarily car-
ried out by general internists, rather than by family
practitioners or subspecialists. This study was
approved by the VA Subcommittee on Human
Subjects.

Using the DHCP laboratory database, we reviewed
lipid data as an index of drug efficacy, and liver func-
tion tests (LF'I8) including aspartate amino transferase
(AST), alanine aminotransferase (AL]"), and creatine
phosphokinase (CPK) as indicators of adverse drug
reactions, affecting liver and muscle, respectively.
Lipids, including total cholesterol, HDL-cholesterol,
and triglycerides, were measured using Paramax
methodology (Baxter Diagnostics, Los Angeles, CA).
LDL.-cholesterol was calculated for sera with triglyc-
erides under 400 mg/dL as follows:

LDL = (total cholesterol) -(HDL) ~(triglycerides/5)

"Triglyceride determinations were performed by the
laboratory only on samples obtained after at least 12
hours of fasting; therefore, the derived LDL-choles-
terol values were also fasting values. DHCP-stored
prescriptions were reviewed for instructions regarding
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evening dosing and for previous, concurrent, or subse-
quent therapy with other lipid-lowering drugs.
DHCP-based clinic scheduling records were reviewed
for dietitian consultations beginning 3 months before
lovastatin initiation and continuing during the study.
DHCP does not record physician-provided diet counsel-
ing; casual chart review suggests this is minimal. Age and
gender were directly accessible in the computer data-
base; the presence of hypertension, diabetes mellitus,
and coronary artery disease was indirectly assessed from
review of pharmacy and laboratory databases. In terms of
determining other coronary disease risk factors, no data
on smoking or family history were available from the
computer database. As already stated, one of our goals
was to develop a computer-based research tool. Thus, we
elected not to retrieve charts for a more specific clarifica-
tion of non-computer-accessible risk factors. In addition
to being cumbersome, slow, and labor-intensive, chart
retrival is, to some degree, imperfect and dependent on
the quality of data entered, the retrieval of the correct
chart volume, and other factors. Thus, only partial data
were available in terms of assessing overall cardiac risk
factor scores.

Patients were identified as having active lovastatin
prescriptions from the pharmacy database. For purpos-
es of evaluating drug effect, a subgroup designated
“Initial Data” comprised those patients who had initial
lipid data obtained within 3 months prior to the date of
initiation of lovastatin therapy. For the purposes of cal-
culating duration of therapy, and identifying the
“final” lipid data (to assess lovastatin impact), the end
date was either October 1993 (the date of data review),
or the date closest to October 1993 (within a 3-month
period) while still on the same dose of lovastatin. For
those patients who ceased taking lovastatin prior to
October 1993, the “final data” were those obtained on
lovastatin closest to October 1993,

Frequency of measurement was determined by iden-
tifying the number of determinations of lipid, liver func-
tion, or CPK data during the ueatment interval defined
for each patient. Abnormal values during treatment were
counted for each patient. In the case of LFT3, elevation
of any component(s) was counted as one abnormal value.
Similarly, any elevation of CPK above normal was con-
sidered abnormal. Data are expressed as mean + SD.
Statistical analysis was performed by ztest for continu-
ous observations, and by * for discontinuous observa-
tions. P < 0.05 was considered significant.?

-+ RESULTS -

We identified 203 patients as having active lovas-
tatin prescriptions and computer-accessible lipid data
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in the Oakland and Martinez clinics on October 1,
1993 (“All Rx”). Of these, 124 had both initial and fol-
low-up lipid data (“Baseline group”), although in some
cases, full lipid panels were not obtained. Seventy-five
patients had data only on therapy with lovastatin (“No
Baseline” group); these patients were included in
overall data analyses, but not in the assessment of drug
impact. Four patients had no lipid data on treatment
(“No lipid”). In the Baseline group, 108 patients had
LDL data obtained on treatment; these patients are
subdivided into those who may
have reached goal LLDL levels

ues, because LDL tests were not ordered or triglyc-
erides exceeded 400 mg/dL..

In an attempt to evaluate these patients for sec-
ondary hyperlipidemias, we reviewed computer-
derived laboratory data for evidence of hypothy-
roidism, diabetes mellitus, and renal disease. Of the
124 patients in the Baseline group, 39 (31.4%) had
thyroid-stimulating hormone (TSH) measured
(Table 1). Only one patient had an abnormal value, a
patient with a history of thyroid nodules who was

(“goal LDL.” n = 44), and those
who clearly did not (“nongoal
LDL” n = 64), based on the
final LDL value. Sixty patients

Figure 1. Schematic Overview of Patient Stratification and Treatment
Group Identification

in the No Baseline group also
had LDL determined on treat-

ment; these individuals are
included in overall data analy- Al Pates
ses, but not In assessment of T
drug impact. The distribution Lipid prespem No Iipild data Lipid prmpe lovastatin
and identification of these baseline and on lovastatin n=4 but not at baseline
patients are shown in Figure 1. Baseline’ Group No Baseline* Group
Because our database did not —— P m—
include smoking and family his- No LDL data LDL data LDL data on No LDL data
tory, it was not possible to pre- on lovastatin on lovastatin lovastatin on lovastatin
. . n=16 n=108 n=60 n=15
cisely calculate coronary disease I
risk factors for all patients.
LDL goal LDL goal
However, a goal of at least <130 not achieved may be achieved
mg/dL. [National Cholesterol ‘non-goalLOL"group | | "goal LDL" group
Education Program (NCEP)
guidelines for two or more risk
factors'] was considered applica-
ble to at least 102 of these 108
patients (94%) (based on com- For details of patient group identifications criteria, see text
puter-derived concurrent
diabetes or hypertensive
therapy) in the Baseline Table 1. Clinical Characteristics of Patients Studied
group in whom LDL was
measured. It is likely Diabetes Serum
that some of the remain- Gender Age TSH Mellitus Creatinine
ing 6 patients had 2 or Group N (M/F) (years) (n) (n) (mg/dL)
more risk factors. Many
All Rx 203 192/10 6619
of the 108 had coronary Initial Lipid* 124 120/4 65£9 19 39 126+06
heart disease for whom a Goal LDLt 44 41/3 67 £8 10 15 1.29 + 0.67
goal of LLDL-cholesterol Nongoal LDL 64 61/3 65t 8 8 21 1.36 £0.87

of <100 mg/dL would

have been more appro-
priate. Note that not all
patients with initial lipid
data in fact had both ini-
tial and final LDL wval-

*Baseline lipid data within 3 months of initiation of treatment
tAchieved minimal goal of LDL < 130 mg/dL on treatment with lovastatin
The prevalence of TSH monitoring was derived from computer-derived laboratory records Patients were
identified as diabetic by computer-derived pharmacy records. Serum creatinine was similarly calculated
from computer-derived laboratory records,
TSH = thyroid stimulating hormone
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maintained on suppressive doses of levothyroxine. Of
these 39 with TSH measurements, 15 (38%) were Goal
LDL, while 21 (54%) were Nongoal LLDL. Three could
not be classified. These proportions were comparable to
the distribution of patients into achievers and nonachiev-
ers. Thus, to the degree that we could evaluate these
patients, thyroid disease did not appear to play a major
role in determining the lipid phenotype.

The possible contribution of diabetes mellitus to
the lipid phenotype was evaluated by identifying
patients as diabetic from their pharmacy records.
These data are also shown in Table 1. Nineteen of the
124 patients in the Baseline group (15.3%) were thus
identified as diabetic; 10 of these 19 (52.6%) were Goal
L DL, while 8 (42.1%) were Nongoal LDL. One could
not be classified. Thus, diabetes mellitus did not play a
major role in either determining the lipid phenotype or
the response to treatment.

Renal disease was also evaluated for its possible
contribution to the lipid phenotype by a review of com-
puter- derived serum creatinine data. Of 124 patients in
the Baseline group, 120 (96.8%) had serum creatinine
measured during this time period (Table 1). The aver-
age creatinine level for these patients was 1.26 + 0.6
mg/dL. The range was 0.6 to 6.3 mg/dL. Of these 120
patients, 42 (35%) were Goal LDL, 63 (52.5%) were
Nongoal DL, and 15 (12.5) could not be classified;
there were patients in both (Goal LDL and Nongoal
LDL) groups who did not have creatinine deter-

mined. Among the Goal LDL,, the average (+ SD) serum
creatinine was 1.29 ( 0.67), while among Nongoal LLDL
the average (+ SD) serum creatinine was 1.36 (+ 0.87).
These differences were not statistically significant (P =
0.37). Thus, renal disease, as estimated by serum creati-
nine levels, also did not appear to play a major part either
in lipid phenotype or therapeutic response.

Clinical characteristics (Table 1) and treatment
characteristics (Table 2) were similar in all groups, with
the exception that the lovastatin dose (Table 2) was
slightly lower in Goal LDL achievers than in those
with LDL over the rarget goal (20 + 3 versus 25 £ 9
mg/day, P < 0.01). Patient education in terms of dosing
instructions on the prescription and consultation to the
dietitian occurred with relatively low frequency and
was comparable in all subgroups ('Table 2).

Safety surveillance for liver and muscle damage
was assessed by review of serum liver function tests
including transaminase, bilirubin, and alkaline phos-
phatase and tests of serum CPK. During the 22-month
average treatment observation period, 192 of 203
treated patients (95%) had at least one LFT determi-
nation, and 123 of 203 (61%) had at least one CPK
measured. On average, 3.6 = 2.1 LF'Ts were obtained
per patient, and 1.3 + 1.6 CPKs. Of the 192 patients
who had LFTs measured, 51 (27%) had an abnormal
reading on lovastatin therapy, while of the 123
patients who had CPK measured, 30 (23%) had an
abnormal reading.

We also evaluated the

Table 2. Treatment Characteristics of Patients Studied

patients in the Baseline
group for baseline LFT
and CPK abnormalities.
Of these 124 patients, 31
(25%) had an abnormal

Concurrent LFT. Of these 31

Lovastatin  Duration of Hypolipidemic  Dietician  Evening Dosing patients, 23 had elevated

c (Do/;e;. ) (Theretll[:y) Ther‘(el;)y’r Coni;xlt lnstru::/tion LFTs. All except two
roup me momts n O n (%) n (%) had baseline LFT data.
All treated Of' the remaining 21
(N = 203) 2449 2211 39 (19%) 59 (29%) 72 (35%) patients, 14 (66.7%) had
Initial Lipids elevated baseline LFT,
(N = 124) 2449 21+£10 26 (21%) 40 (32%) 45 (36%) and 7 (33.3%) had nor-
Goal LDL mal baseline LFT val-
(N = 44) 2043 21+ 11 7 (16%) 16 (36%) 1 (25%) ues. Therefore, overall
Nongoal LDL in this group, only 7 of
(N = 64) 2549 21+ 10 14 (22%) 19 (30%) 28 (44%) 122 (5.7%) were docu-
P <0.01 NS NS NS NS mented as  having
increased LFT values on

*Concurrent hypolipidemic therapy included gemfibrozil in 8 patients (3 without initial lipid data and 5
with), niacin in 13 patients (7 without initial data and 6 with), bile-acid binding resins in 8 (1 without ini-
tial lipid data and 7 with), and probucol in 1 patient (with initial lipid data). Treatment groups as defined

in text
*Goal LDL versus Nongoal LDL

lovastatin therapy. Of
the 25 patients with
abnormal CPKs on ther-
apy, 22 (88%) were
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increased. Only 5 of the 22 had baseline
CPK done; all these were elevated.
Because of the small numbers with base-
line data, no conclusions can be made.

The measured CPK and LFT abnor-
malities were modest and transient and
were usually less than 3-fold, expressed as
a ratio with the upper limit of normal as
the denominator (3XULN). Specifically,
of the observed abnormalities in CPK,
only two patients had readings greater
than 3XULN (3.18 and 4.23). Including
these two patients, there were 44 above-
normal readings of total CPK activity. The
mean (+ SD) of elevated values was 1.55
(+ 0.65) ULN. ALT was elevated on 11
determinations; none was 3XULN. The
mean (£ SD) of elevated values of ALl
was 1.58 (£ 0.56) ULN. AST was elevated
on 21 determinations; 3 were 3XULN
(2.98, 3.64, and 3.45). The mean (£ SD) of
elevated values of AST was 1.64 (+ 0.78)
ULN. Alkaline phosphatase was elevated
on 48 determinations; excluding a patient
with known Paget’s disease, none was
3XULN. The mean (+ SD) of elevated
values of alkaline phosphatase (excluding
the patient with Paget’s disease) was 1.21
(+ 0.18) ULN. There was no apparent
increase in the frequency of monitoring or
the frequency of abnormal results over the
duration of treatment or the the period of
observation. Testing and abnormality rates
were similar in all the subgroups. LFT§
were performed roughly twice annually;
CPKs much less frequently. No patient had
lovastatin discontinued during the period
of observation as a result of progressive
liver dysfunction. To our knowledge (limit-
ed to the information in the computer data-
base), no patient had clinical evidence of
liver disease (jaundice, nausea, pain) or
myositis (muscle pain, acute renal failure).

Comparing Goal LLDL versus Nongoal
LDL, there was no significant difference
in patient education or safety surveillance
by % analysis.

On lovastatin therapy, all groups
demonstrated a significant reduction in
levels of both total cholesterol (Figure 2),
and LDL-cholesterol (Figure 3). As stated
above, a minority of patients received
computer-verified dietary counseling.

Figure 2. Response of Total Serum Cholesterol to Lovastatin
Treatment

: Pre-Lovastatin On Lovastatin

350

300

250

200

150

100

Total Cholesterol (mg/dl)

50

Baseline Group Goal LDL  Non-Goal LDL All Rx

The number of available test results indicated at the base of each bar

*Indicates P < 0.001 for the comparison to prelovastatin values

*indicates P < 0 05 for the comparison to the values for the LDL nongoal-achievers
(“Goal LDL” versus “Nongoal LDL"). See text for details of group definitions

Figure 3. Response of Serum LDL-Cholesterol to Lovastatin
Treatment

[:I Pre-Lovastatin On Lovastatin

300

250

200

150

100

LDL Cholesterol (mg/dl)

50

Baseline Group - Goal LDL  Non-Goal LDL All Rx

The number of available test results is indicated at the bottom of each bar.
*Indicates P < 0.005 for the comparison to prelovastatin values

fIndicates P < 0.02 for the comparison to values for the nongoal LDL patients
(“Goal LDL" versus “Nongoal LDL")
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With our computer analysis, it is impossible to assess
dietary compliance. However, when patients from the
Baseline group are evaluated, and patients who had
received dietary counseling are compared to those who
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Figure 4. Response of Serum HDL-Cholesterol to Lovastatin
Treatment
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Figure 5. Response of Serum Triglycerides to Lovastatin

Treatment
|:—..| Pre-L.ovastatin ] On Lovastatin
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5
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E
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b
g 150
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2 100
'—
50
0

Baseline Group Goal LDL. Non-Goal LDL.  All Rx

The number of available test results is indicated at the base of each bar
*Indicates P < O 05 for the comparison to prelovastatin values

had not, there were slight, but insignificant differences
in initial total cholesterol and final LLDL -cholesterol:
269.9 + 48.6 versus 273.1 = 36.5 mg/dL. (noncoun-
seled versus counseled); 147.3 + 40.5 versus 138.8 +

29.1 mg/dL, (noncounseled versus coun-
seled), respectively. In addition, we eval-
vated patients on concurrent lipid
therapy. We did not include patients who
were on other agents prior to or only at
the start of lovastatin therapy, or patients
who were placed on other agents subse-
quent to lovastatin therapy as being on
concurrent therapy. The agents used as
concurrent hypolipidemic drugs are out-
lined in 'Table 2, both for all patients and
those in the Baseline group. Because of
small numbers of patients taking each of
the concuirent therapies, all the patients
receiving concurrent = hypolipidemic
drugs are grouped for the purpose of
analysis. Again, we focused on patients in
the Baseline group; when patients on
concurrent hypolipidemic therapy are
evaluated, there was no significant differ-
ence either in initial total cholesterol or
final LDL-cholesterol levels, although
there was a tendency for the patients on
concurrent therapy to have slightly high-
er initial cholesterol and final LDIL.-cho-
lesterol values: 279.4 + 52.5 versus 269.4
+ 43.3 mg/dL. (concurrent versus lovas-
tatin only); and 154.9 % 39.9 versus 141.4
+ 36.1 mg/dL. (concurrent versus lovas-
tatin only) respectively.

Of 168 patients with LDL-choles-
terol data on lovastatin therapy, 155
(92%) of whom were males over 45
years, only 74 (44%) achieved an arbi-
trary minimum goal LDL of under 130
mg/dL, and only 19 (11%) were under
100 mg/dL. (Figure 3). We have dis-
cussed above the applicability of a goal
LDL of 130 mg/dL.. Further analysis of
available incomplete risk factor data
showed that at most 62 of these 168
patients (36.9%) wete in fact in compli-
ance with NCEP guidelines. Only 15
were identified who might have had a
goal LDL-cholesterol of <160 mg/dL
and achieved it. Thus, the arbitrary use
of the <130 mg/dL. goal is justifiable in
our population, and results in a conserv-
ative estimate of clinic compliance.
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Initial and final total cholesterol values were sig-
nificantly lower in Goal LDL than Nongoal LDL
patients (257 mg/dL. versus 278 mg/dL, respectively
(P < 0.02), and 187 mg/dL versus 241 mg/dL, respec-
tively [(P < 0.001); Figure 2].

By definition, the LDL goal-achievers had a much
lower LDL-cholesterol following treatment than the
nongoal-achievers. Comparing initial LDL-choles-
terol in these groups, the LDL goal-achievers also had
a significantly lower LDL-cholesterol at treatment
initiation than nonachievers [170 versus 197 mg/dL;
P < 0.005 (Figure 3)].

Levels of HDL-cholesterol (Figure 4) and
triglycerides (Figure 5) were unchanged by lovas-
tatin therapy, except that serum triglycerides were
significantly higher before therapy in the subgroup
that achieved goal LDL values (P < 0.05).

.- DISCUSSION -

These data show that lovastatin effectively lowers
total cholesterol and LLDL-cholesterol in an unselect-
ed clinic population managed by a variety of providers.
The average observed reduction was about 20% to
25% in both total cholesterol and LDIL-cholesterol
levels. This reduction was comparable to that
observed in clinical trials.”® This reduction was
obtained with only a minority of patients having con-
sulted a dietitian.

The average dose of lovastatin used in these unse-
lected patients was relatively low. Lovastatin has a
predictable dose-response curve.” Rubinstein et al’
reported that 10 mg of lovastatin will effect a reduc-
tion in LDL-cholesterol of 24% in patients with mod-
est hyperlipidemia, eg, total cholesterol of 200-240
mg/dL. Jacob and colleagues” reported that in

patients with severe hypercholesterolemia, 80 mg of

lovastatin resulted in a 44% reduction of LLDL-choles-
terol. Waters and coworkers”’ described that an aver-
age dose of 36 mg of lovastatin was required to achieve
an L.DL-cholesterol of 130 mg/dL.

Although it is generally recommended that HMG-
CoA reductase inhibitors be taken in the evening for
optimal efficacy and tolerability, our computerized
pharmacy records suggested that the majority of our
patients were not so instructed on their prescriptions.
There is debate regarding the importance of this rec-
ommendation. Kruse et al”” reported that lovastatin was
equally effective whether taken with breakfast or the
evening meal. Montanaro and colleagues” reported that
efficacy was independent of frequency of dosing.

Our patients were mostly older men. This is compa-
rable to the data of Wysowski et al," who reported that

54% of their patients were over 60 years of age. The
Lovastatin Study Group described a population whose
average age was 50, and 68% male.’ On the other hand,
La Rosa and coworkers’ reported lipid reductions com-
parable to ours in a population that was 71% female
(average age 71 years), suggesting that differences in
lovastatin effect due to gender may be minor. Lintott
and colleagues” described similar efficacy and safety of
lovastatin in older and younger patients. Cheng et al'*
described an insignificant increase in plasma lovastatin
concentrations in older patients.

As with any drug, the side effect profile of lovas-
tatin could potentially limit its therapeutic usefulness.
Our data suggest that lovastatin appears to be safe,
with the major toxicities (hepatitis and myositis/rhab-
domyolysis) being rare. We were able to document
modest increases in LEFTs in only 5.7% of patients
studied; none was known to have clinical liver disease.
Similarly, although a few patients had elevated CPK
levels, inadequate baseline data made it impossible to
assess drug effects. No patient was known to have
clinical evidence of myositis. On the other hand, our
enthusiasm must be tempered by the fact that labora-
tory surveillance of these patients was erratic and
incomplete, and sporadic minor enzyme elevations
were relatively common.

Data from the EXCEL trial (Expanded Clinical
Evaluation of Lovastatin) also suggest that laboratory
evidence of serious toxicity is rare: LFT elevation
three times normal occurred in only 0.1% of patients
at 20 mg/d; there are similar data for CPK elevation."”
Other data from EXCEL showed that while adverse
effects necessitating withdrawal occurred in 2.3% of the
patients enrolled in the study,” the risk of myopathy
and transaminase elevation was less than previously
reported.” The rarity of significant elevation was con-
firmed by Bilheimer.* Bradford and colleagues” have
reported that the liver and muscle enzyme elevations
are dose-dependent. The reported muscle damage is
felt to be due to mitochondrial damage resulting from
an inadequate synthesis of inner mitochondrial mem-
brane components.” Hepatic damage reportedly results
from centrilobular necrosis. Laboratory tests revert to
normal within 2 months of cessation of therapy.” Other
HMG-CoA reductase inhibitors (pravastatin, simvas-
tatin) have a similar profile of liver toxicity.”

While HMG-CoA reductase inhibitors are expen-
sive drugs, they are apparently effective, not only in
lowering total cholesterol and L.DL-cholesterol, but
also in improving coronary outcome. Given this effica-
cy, are these agents underutilized? Wysowski and col-
leagues' reported that, as of 1988, there were 13
million annual lovastatin prescriptions although
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roughly 60 million individuals were candidates for
therapy. The cost of therapy will need to be calculat-
ed for this population-at-risk, including not only med-
ication costs, but also laboratory costs for screening
and surveillance, as well as physician time. In an envi-
ronment increasingly operating under managed care,
these issues will need to be seriously considered.
While Hay et al® reported that the net cost of lovas-
tatin use compares favorably with other lipid-lowering
approaches, the proper role for it and related drugs in
coronary disease prevention—primary or secondary—
remains controversial.”

Our study population was a broad spectrum of
patients including those with diabetes and hyperten-
sion, and patients using other lipid-lowering medica-
tions concurrently. Pool and colleagues” reported
EXCEL data suggesting no interaction between
lovastatin and various antihypertensive agents. While
diabetic control impacts on the overall lipid profile
and, presumably, the extent of the therapeutic
response, our group size did not allow us to undertake
subgroup analysis to explore this interaction. Similarly,
while a2 number of patients were on concurrent
hypolipidemic agents, the number of subjects did not
allow us to perform subgroup analyses to explore these
potential interactions regarding either the therapeutic
response to lovastatin or increased risk of side effects.
"The Lovastatin Study Group population included 58%
of their patients on other lipid-lowering agents.*

In addition, while lovastatin is indicated for hyper-
cholesterolemia, a number of patients receiving lovas-
tatin also had hypertriglyceridemia with triglycerides >
400 mg/dL. While these patients were excluded from
detailed analysis (because LIDL was not calculated), it is
possible that at least some of these patients received
lovastatin inappropriately. Clearly, this suggests that
more practitioner education is essential to tailor appro-
priate hypolipidemic therapy. The majority of patients
in our study did not appear to have other medical condi-
tions, such as diabetes mellicus, hypothyroidism, and
serious renal disease, contributing to the hyperlipidem-
ic phenotype, although screening efforts were erratic
and incomplete. It is also unlikely in a veteran popula-
tion for these individuals to have a serious familial
hyperlipidemia because this would have made them
ineligible for military duty. However, screening efforts
devoted to addressing other causes of hyperlipidemia
need to be continued and expanded.

In conclusion, the outcome of therapy with lovas-
tatin, in a VA clinic population managed largely by
general internists, is comparable to that reported in
clinical research trials, despite underutilization of non-
pharmacologic therapies and suboptimal dosing.

Serious toxicity was not encountered, but the popula-
tion studied was small, and baseline evaluation, par-
ticularly of LFT and CPK, was poor. Outcome might
be improved by emphasizing goal attainment and
patient education.

Furthermore, we have demonstrated that the use
of a computerized clinical database is an effective
means of evaluating both clinical efficacy as well as
practice patterns. We urge our colleagues who have
similar computerized record systems to review their
own populations.
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