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Introduction

Pharmacologic interventions in primary hypercholesteremia are usually considered

after saturated fat restricted diet has failcd to achieve an adequate control. The

specific drug selected may be based, among other things, on its cholesterol

lowering efficacy, ability to decrease the incidence of coronary heart disease

(CHD), long term safety record, and cost.' In addition, the individual patient

lipoprotein profile and the established effects of agents on specific profile

components may be considered.

Framingham, MRFIT, and other epidemiological studies demonstrated that

patients with increased low-density lipoprotein (LDL) cholesterol have an

increased risk of developing CHD.32  The Lipid Research Clinics Trial showed

that lowering elevated leyels of LDL cholesterol significantly lowered the risk of

CHD development.8  Framingham and other epidemiological studies,- 7 have

also demonstrated that CHD mortality is inversely related to HDL cholesterol.

The Helsinki Heart Studyl°'ll suggests that increasing HDL cholesterol and

lowering the LDL cholesterol with diet and pharmacologic intervention, reduces

CHD risk. These data imply that patients with high LDL and low HDL have a

high risk for CHD and should receive aggressive ndical treatment.
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Gemfibrozil is known to increase HDL cholesterol, decrease VLDL cholesterol

and triglycerides, as well as lower LDL cholesterol.I, 12 An advantage of

gemfibrozil over other established agents, such as bile acid binding-resins and

nicotinic acid, is that it is easily administered and well tolerated.1'2 " 3  Lovastatin,

the first 3-hydroxy-3-methylglutaryl coenzyme A (HMG CoA) reductase inhibitor

introduced, substantially more effective in decreasing LDL cholesterol compared

to gemfibrozil but, has little effect on HDL cholesterol and VLDL

cholesterol. 2 14"15 Like gemfibrozil, lovastatin is easily administered and well

tolerated by most patients.' 5

Gemfibrozil and lovastatin have been compared in t" Finnish Multicenter Study

in patients with total cholesterol levels 240 mg/dl'2 and by Vega and Grundy in

normolipidemic patients with low HDL cholesterol."' These studies left

unaddressed the comparative efficacy of these two drugs in patients with high

LDL cholesterol and low HDL cholesterol.

This study, using a randomized, double-blind, cross-over design compared the

effects of gemfibrozil versus lovastatin in patients which have both a clinically high

LDL cholesterol and concurrent low HDL cholesterol.
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Methods

Patients

Adult males and postmenopausal women with LDL cholesterol levels greater than

160 mg/dl and HDL cholesterol levels less than 40 mg/dl following one month of a

step 1 diet' were eligible to participate in the study. Patients were excluded if

they had major concomitant diseases including severe cardiovascular compromise,

diabetes mellitus, abnormal liver function, renal disease, thyroid disease,

psychiatric illness, or poor mental function which might affect compliance with the

protocol, and drug abuse or excessive alcohol use. Also excluded were patients

with triglyceride levels greater than 350 mg/dl, obesity (> 40% of ideal body

weight), and concomitant treatment with drugs that may alter cholesterol levels

including anti-hyperlipidemics, anticonvulsants, corticosteroids, and barbiturates.

Patients stabilized on a fixed dose of antihypertensive maintenance therapy or

conjugated estrogens for greater than six months were allowed to participate at

their same dosage regime throughout the entire study. Patients who had received

lipid lowering therapy prior to the study had this therapy discontinued a minimum

of four weeks prior to the diet lead-in phase. Patients who were non-compliant

with the protocol or had medically unacceptable adverse effects were discontinued.

A total of nine patients (eight men and one woman who met the criteria)

participated in the study. All patients gave informed consent for the protocol

which had been approved by the institutional review board.
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Study design

The study utilized a randomized, double-blind, cross-over comparison of

gemfibrozil and lovastatin (see Figure 1). Patients were initially screened by

laboratory assessment and physical examination. Patients with LDL levels > 160

mg/dl and HDL levels < 40 mg/dl were placed on a saturated fat/cholesterol

restricted step 1 diet' for a minimum of four weeks. Compliance with the diet was

established through a three-day diet diary which was scored by a registered

dietician using a food factor rating scale (FRR). 17 Patients had to maintain an

average FRR score of < 15. This diet was continued throughout the study and

monitored during each treatment phase. Patients who met the inclusion criteria

were then placed on a single-blind placebo twice daily for two weeks. At week 0,

the patients were randomized to receive phase I treatment, either gemfibrozil 600

mg twice daily or lovastatin 20 mg twice daily. After six weeks of phase I

treatment, the patients were crossed-over to phase II treatment where they

received the other treatment, lovastatin 20 mg twice daily or gemfibrozil 600 mg

twice daily for six more weeks. Both phase I and phase II treatments were

double-blinded. All placebos and active treatments appeared identical.

Fourteen-hour fasting lipid and lipoprotein measurements were obtained at the

end of the diet lead-in and placebo phases (at weeks -2 and 0 on Figure 1).

Fourteen-hour fasting lipid and lipoprotein measurements were also obtained at

weeks 4 and 6 (phase I treatment) and at weeks 10 and 12 (phase II treatment).
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Compliance throughout the study was assessed by capsule counts at each visit.

Baseline cholesterol was taken to be the average of the last two lipoprotein

measurements obtained prior to randomization. The treatment cholesterol levels

were the average of the two measurements obtained during the fourth and sixth

weeks of each treatment phase. It was determined prior to the study that if one

of the two measurements was not available during a treatment phase, the one

measurement obtained would serve as the patient's value for the treatment phase.

Laboratory Methods

Lipid profiles were measured at the Medical College of Virginia Hospital

Laboratory using methods standardized by the Centers for Disease Control Lipid

Standardization Program. Total serum cholesterol (TC) was measured

enzymatically with Boehringer Mannhiem Diagnostics (Indianapolis, IN) reagents

(no. 692905) and calibrators (no. 125512) using a Cobas-Bio analyzer (Roche

Diagnostics, Nutley, N.J.). The test for TC had a precision level of (±SD) ±5.0

mg/dl. HDL cholesterol levels were determined by fractionating the plasma with

0.092 M manganese and 182,000 U/ heparin solution followed by centrifugation. 8

The HDL containing supernatant fraction was assayed for cholesterol with same

method as for TC; however, precision of the HDL measurements were (±SD) ±1.5

mg/dl. Triglycerides (TG) were measured enzymatically with Behring Diagnostics

(Somerville, N.J.) reagents (no. 869263) using a Cobas-Bio analyzer with

correction for free glycerol, with the extinction coefficient of NADH used for
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quantitation. The TG assay was precise to (±SD) ±2.5 mg/dl. The LDL

cholesterol was calculated using the Friedewald formula applied to the measured

values. 19 Very low-density lipoprotein (VLDL) cholesterol levels were estimated

by dividing the triglyceride level by six as described by Delong et al.20

A full physical exam, including an ophthalmological slit-lamp, was performed

during the initial screening period and following the study. Routine hematology

and blood chemistries were obtained during the initial screening and during each

treatment phase.

Statistical Analysis

Efficacy analysis were performed using the all-patients treated approach including

those patients with efficacy data from all three study periods, the baseline and

both treatment periods. All statistics were performed using SAS programming on

the Medical College of Virginia's VAX computer system. An analysis of variance

(ANOVA) General Linear Model (GLM) Procedure, was performed to assess the

differences from the baseline/placebo lipid levels (TC and TG levels), lipoprotein

cholesterol levels (LDL, VLDL, and HDL cholesterol levels), and the cholesterol

ratios between the two treatments (at a=0.05 and 0=0.2). Since there was no

washout period between treatments, the ANOVA GLM Procedure was also

applied in testing the data for possible sequence and period affect differences. A

Tukey's Studentized Range test was performed on the treatment differences from



baseline/placebo, to assess and determine the minimal critical difference between

their means (at a=0.05). Assumptions of normality were tested prior to the

ANOVA GLM Procedure. The minimum sample size estimation at a power (1-f)

of 90%, a=0.05, and fl=0.1 for a two-period cross-over study, was determined to

be 15.21
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Results

Study patient baseline characteristics:

Ten patients were selected to start the study, one patient was withdrawn during

phase I treatment due to non-compliance with the study protocol and was not

included in the analysis. The baseline characteristics of the nine patients who

completed the study are summarized on Table 1. All three patients who were

receiving cholesterol-lowering drugs prior to the study discontinued their therapy

for a minimum of four weeks prior to the diet lead-in phase. One study patient

was maintained on a metoprolol regime for hypertension management throughout

the study.

Effects on lipid and lipoprotein cholesterol levels:

The mean lipid and lipoprotein cholesterol levels observed in each study phase are

given in Table 2. Mean cholesterol ratios attained from each study phase are

presented in Table 3. The mean differences in lipids, lipoprotein cholesterol

levels, and the cholesterol ratios observed from baseline/placebo with gemfibrozil

and lovastatin treatments are given on Tables 4 and 5. The statistical p values

from the ANOVA GLM Procedure and the Tukey's Minimum Critical Difference

for each of the mean treatment differences from baseline/placebo, in lipid and

lipoprotein cholesterol levels, are given in Table 4 and displayed in Figure 2.

Significant differences (p < 0.05) were noted between treatments in all lipid and
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lipoprotein cholesterol differences tested. Lovastatin therapy produced

significantly greater reductions in the mean TC and LDL cholesterol levels than

gemfibrozil. Conversely, gemfibrozil produced significantly greater reductions in

the mean TG and VLDL cholesterol levels than lovastatin. The mean HDL

cholesterol levels were increased significantly more by the gemfibrozil than by the

lovastatin.

The statistical p values from the ANOVA GLM Procedure and the Tukey's

Minimum Critical Difference for each of the mean treatment differences from

baseline/placebo, in cholesterol ratios, are given in Table 5. Lovastatin produced

statistically greater reductions in the LDL/HDL and increases in the HDL/TC

ratios than did gemfibrozil. Conversely, gemfibrozil produced a significantly

greater reduction in the VLDL/HDL ratio than did lovastatin. The differences

between the treatments in the difference from the baseline/placebo TC/HDL ratio

was not significant (P=0.1).

No significant sequence effects were noted for any of the values tested; however,

statistically significant period effects were noted in the TG, VLDL cholesterol, and

VLDL/HDL cholesterol ratio data.

The individual patient mean LDL cholesterol levels attained during each study

phase are displayed in Figure 3. In general, lovastatin produced more pronounced
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decreases in the individual LDL cholesterol levels from the baseline/placebo levels

than did gemfibrozil. However, in one patient gemfibrozil produced greater

decreases in LDL cholesterol than did lovastatin. The individual patient mean

HDL cholesterol levels attained during each study phase are displayed in Figure 4.

In general, gemfibrozil produced greater increases in HDL cholesterol than

lovastatin. However, two patients exhibited greater increases in HDL cholesterol

while receiving lovastatin than with gemfibrozil. Additionally, one patient's HDL

cholesterol decreased from the baseline/placebo mean while receiving gemfibrozil

and decreased even further while receiving lovastatin.

Adverse reactions:

Five of the nine patients who completed the study reported adverse reactions.

These are summarized on Table 6. None of the reactions were considered severe

and none interfered in the execution of the research protocol. In addition to the

reactions presented in Table 6, the patient who was withdrawn from the study due

to noncompliance, reported lower-back and lower-leg pain during the single-blind

placebo.
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Discussion

Our study demonstrated that in patients with clinically high LDL cholesterol and

low HDL cholesterol, lovastatin was superior to gemfibrozil in producing current

recommended reductions in the cholesterol profile.' Lovastatin reduced TC,

LDL cholesterol, and the LDL/HDL cholesterol ratio significantly greater than

gemfibrozil (p < 0.05). Though the study demonstrated that gemfibrozil

produced significantly greater elevations in HDL cholesterol, it was not enough to

offset the magnitude of LDL cholesterol lowering by the lovastatin in lowering the

LDL/HDL cholesterol ratio. In contrast, gemfibrozil produced greater reductions

in both TG and VLDL cholesterol than lovastatin. Since there is little evidence to

demonstrate a strong association between CHD risk and TG or VLDL cholesterol

levels, the main emphasis of treatment should be on the specific cholesterol levels

which have been associated with CHD risk."'

Our study employed a lead-in phase with two consecutive treatment phases of six

weeks in length. The decision to place active treatment phases consecutively

without a washout phase was based on observations that following cessation of

lovastatin or gemfibrozil therapy, a return to original baseline was noted within

two weeks.' 3"15 Additionally, we statistically tested for possible sequence and

period effects to add validity to this assumption. In all parameters tested, no

sequence effect was noted. Furthermore, in all parameters which were considered
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vital in the efficacy comparison, no period effects were noted. However, we noted

the inter-subject variability in the TG levels was much greater than for LDL

cholesterol or TC (see Table 2 and 4). This large variability "s believed to be the

major contributor to the significant period effect detected in the TG, VLDL

cholesterol (calculated directly from the TG levels) and VLDL/HDL cholesterol

ratio differences from baseline. As previously stated, the study's main concern was

in the drugs' efficacy of lowering LDL and raising HDL cholesterol- thereby, the

parameters in which a period effect was detected is of less concern.

Though there are a number of risk factors for the devLopment of CHD, elevated

LDL levels is well established.' Furthermore, reducing elevated levels of LDL

cholesterol has been demonstrated to decrease the risk of developing CHD.' 9

Low HDL cholesterol levels have also been associated with an increased risk of

developing CHD.3 7 However, studies designed to examine tile effects on CHD in

raising low HDL levels with diet, drugs or other interventions have not been

completed.22 Furthermore, there are reports that fail to demonstrate a

consistent increased CHD risk with a genetic deficiency of HDL cholesterol. 2I-24

There is consistency though, in noting a high risk of developing CHD in those

patients which have high LDL and concurrent low HDL cholesterol levels.4.
25

The epidemiological studies 3 7 and more convincingly, the Helsinki Heart study" '-"

give evidence that decreasing the LDL/HDL cholesterol ratio by pharmacologically

increasing HDL levels with only modest lowering of LDL levels can decrease tile
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risk of developing CHD. To promote LDL/HDL ratio lowering, nicotinic acid or

a bile acid binding-resin and nicotinic acid combination, would be a logical choice;

however, nicotinic acid is not well tolerated at the doses necessary to achieve this

effect and bile acid binding-resins pose additional palatability problems.2 6

Gemfibrozil and the recently introduced HMG CoA reductase inhibitor, lovastatin,

have beneficial effects on the LDL/HDL cholesterol ratio. Furthermore, both of

these drugs have a limited side effect profile and are relatively easy to

administer.
10-14

Two other studies have directly compared the efficacy of gemfibrozil to

lovastatin 12'16 The Finnish Multicenter Study12 compared gemfibrozil to lovastatin

using a parallel study design in patients who had TC levels of > 240 mg/dl. The

patients were stratified as to TC level. During the first six weeks of active

treatment, patients with a baseline TC 300 mg/dl received the same daily doses

of the two study drugs as in our study for the first six weeks of active treatment.

The baseline mean LDL and HDL values reported in the Finnish Multicenter

Study were much greater than those in our study; however, the mean LDL/HDL

ratio of patients in Stratum II (TC > 300 mg/dI) was similar to our

baseline/placebo mean (5.4 and 6.2 versus 5.4 for our study). Furthermore, on

examining the percent change from baseline at six weeks for the Finnish

Multicenter Study (see Figure 5), the results were similar to our study's resultant

percent changes (Figure 6). As in the Stratum II group of the Finnish Multicenter



14

Study, our study demonstrated that lovastatin produced significantly greater

reductions in TC levels, LDL levels, and in the LDL/HDL cholesterol ratio than

did gemfibrozil. Conversely, in both studies, gemfibrozil produced significantly

greater increases in HDL and reductions in TG.

Vega and Grundy 16 compared gemfibrozil to lovastatin in 22 male patients with

LDL cholesterol < 160 mg/dl and HDL cholesterol < 35 mg/dl also had similar

results. The exception was that a statistically significant greater elevation in HDL

cholesterol was observed in the lovastatin treatment compared to the gemfibrozil

treatment.

Based on the Finnish Multicenter Study,' 2 Vega et al.,' and this study, we can

conclude that lovastatin is consistently more effective in lowering TC, LDL, and

the LDL/HDL cholesterol ratio than gemfibrozil. Even though our study and the

Finnish Multicenter trial noted that gemfibrozil was more effective in raising HDL

cholesterol levels, all three studies noted that lovastatin also exhibited a elevating

property on HDL cholesterol. Therefore, lovastatin appears to have an overall

greater efficacious effect on the cholesterol profile than gemfibrozil and may be

more beneficial in the pharmacological treatment of patients with high LDL and

low HDL cholesterol. In the decision to institute pharmacotherapy, other

considerations, such as the individual's cholesterol response, should be made. The

inter-patient cholesterol levels in our study, (Figures 3 and 4) demonstrated that
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not all patients responded as favorably to lovastatin. Thereby, tailoring

pharmacotherapy to the changes in the individual patient cholesterol profiles

should be considered.
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Table 1. Baseline study patient characteristics.
(n=9)

Demographics
Male 8 89%
Female 1 11%
Mean Age in Years (±SD) 48.9 (±8.7)
Mean Baseline Weight (±SD) 177.8 (±33.6)

Risk Factors
Hypertension 1 11%
Family History of CHD 3 33%
HDL < 35 mg/dl 8 89%
Male Sex 8 89%
History of CVD and/or PVD 1 11%

No. with 3 Risk Factors 3 33%
No. with only 2 Risk Factors 5 56%
No. with only 1 Risk Factor 1 11%

Concurrent Medication History
Prior hyperlipidemia treatment 3 33%
B-blocker therapy 1 11%
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Table 2. Mean concentrations (±_SD) of plasma lipids and lipoproteins
during each study phase.

Plasma Lipids Baseline Placebo Gemfibrozil Lovastatin
and U1poproteins mg/dl mg/dl mg/dl

Total Cholesterol 250.7 (01&4) 220.9 (_-25.5) 179.7 (_±25.3)

Triglycerides 156.1 (L±64.1) 80.6 (_±39.9) 109.8 (--69.7)

LDL Cholesterol 181.9 (±t17.0) 166.3 (_t23.5) 117.5 (±t27.7)

HDL Cholesterol 33.8 (±3.3) 39.2 (±3.7) 35.9 (±t4.0)

VLDL Cholesterol 26.0 (±-10.7) 13.4 (±t6.6) 1&3 (±11.6)
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Table 3. Mean cholesterol ratios (_SD) during each study phase.

Cholesterol Baseline Placebo Gemfibrozil Lovastatin
Ratio

TC/DL 7.49 (±0.91) 5.73 (±_.0.96) 5.19 (±_.1.21)

LDIALDL 5.42 (±0.61) 4.19 (±+0.99) 3.41 (_t1.11)

VLDL/IDL 0.79 (±+0.37) 0.35 (±t0.21) 0.59 (±+0.40)

HDLTC 0.25 (±0.12) 0.59 (±+0.26) 0.42 (±+0.19)
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Table 4. Mean difference in plasma lipids and cholesterol levels (±+SD)
from mean baseline placebo levels.

Lipid and Treatment Phase Differences Tukey's
lipoprotein Minimum p Value
cholesterols Gemfibrozil Lovastatin Critical ANOVA

mg/dl mg/dl Difference

TC -29.8 (±18.1) -71.0 (±t15.6) 15.318 0.0003

TG -75.5 (±t46.3) -46.2 (±+40.4) 24.267 0.0164a

LDL -15.6 (-17.7) -64.4 (±t17.9) 18.949 0.0004

HDL 5.3 (±t4.1) 2.1 (_t4.4) 2.306 0.0106

VLDL -12.6 (±t7.7) -7.7 (±6.7) 4.029 0.0166
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Table 5. Mean difference in cholesterol ratios from baseline placebo
during each study phase.

Difference by Treatment Phase Tukey's
Cholesterol Minimum p Value

Ratio Gemfibrozil Lovastatin Critical (ANOVA)
mg/dl mg/dl Difference

TCIHDL -1.76 (±0.62) -2.28 (±1.09) 0.702 0.1

LDLIHDL -1.22 (±+0.57) -2.01 (±+1.09) 0.743 0.03

VLDLHDL -0.44 (±+0.27) -0.26 (±+0.21) 0.150 0.012

I=DLIC 0.04 (±L0.02) 0.07 (±+0.04) 0.024 0.03
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Table 6. Adverse reactions reported.

Placebo Phase (n=2)
Flatulence 2 (22%)
Epigastric Pain 1 (11%)
Headache 1 (11%)
Rash 1 (1%

Gernfibrozil Phase (n=2)
Headache -1 (11%)
GI distress 1 (11%)

Lovastatin Phase (n= 1)

Arthralgias 1 (11%)

'Total of 5 patients reported ADRs
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Appendix II. Individual study patient data
Mean differences from baseline/placebo.

Pt Trt Seq Per TCs LDLs HDLs TGs VLDL TC/HDL VLDL/HD LDLJHDL HDLITC

1 1 1 1 -37.0 -28.0 4.0 -65.5 -10.9 -1.77 -0.35 -1.36 0.04

2 1 1 1 -4.5 2.5 8.0 -73.5 -12.3 -1.69 -0.45 -1.13 0.03

3 1 1 1 -53.0 -21.5 5.0 -163.0 -27.2 -2.44 -0.86 -1.30 0.05

4 1 2 2 -9.0 10.0 3.0 -112.0 -18.7 -1.08 -0.71 -0.28 0.02

5 1 2 2 -7.5 4.0 10.0 -107.0 -17.8 -2.21 -0.71 -1.42 0.05

6 1 2 2 -39.5 -10.0 12.5 -49.0 -8.2 -2.74 -0.40 -2.41 0.08

7 1 1 1 -41.0 -37.0 -1.0 -15.5 -2.6 -0.95 -0.06 -0.89 0.03

8 1 1 1 -31.5 -26.0 2.5 -23.5 -3.9 -1.16 -0.11 -0.94 0.03

9 1 2 2 -45.0 -34.5 4.0 -70.5 -11.8 -1.68 -0.34 -1.27 0.07

1 2 1 2 -69.0 -66.5 6.5 -43.5 -7.3 -2.93 -0.27 -2.60 0.09

2 2 1 2 -57.0 -60.0 8.5 -72.0 -12.0 -3.03 -0.45 -2.71 0.08

3 2 1 2 -82.0 -54.5 -1.0 -130.5 -21.8 -1.81 -0.63 -1.06 0.05

4 2 2 1 -53.5 -53.0 -0.5 -3.0 -0.5 -1.66 0.01 -1.73 0.03

5 2 2 1 -87.5 -82.0 6.0 -57.0 -9.5 -3.81 -0.44 -3.35 0.12

6 2 2 1 -81.5 -86.5 4.5 2.5 0.4 -2.96 -0.08 -2.96 0.09

7 2 1 2 -44.5 -28.0 -5.0 -56.0 -9.3 -0.03 -0.21 0.21 0.01

8 2 1 2 -80.5 -74.0 0.0 -16.0 -2.7 -2.04 -0.07 -1.88 0.06

9 2 2 1 -83.5 -75.0 0.0 -40.5 -6.8 -2.26 -0.18 -2.03 0.10
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APPENDIX III. Minimum sample size estimations.

Est n* n" 26e2 (2(01-02))2 Oe2 01-02

TC 2 0.00 377.650 6797.013 188.825 41.222
LDL 2 0.00 577.886 9517.173 288.943 48.778

HDL 5 0.00 8.555 41.525 4.278 3.222

TG 6 0.00 947.784 3429.274 473.892 29.280
VLDL 6 0.00 26.106 95.180 13.053 4.878
TCIHDL 15 0.00 0.793 1.143 0.396 0.534

VLDLIHDL 6 0.00 0.036 0.138 0.018 0.186

LDLIHDL 8 0.00 0.889 2.496 0.445 0.790

HDL/TC 13 0.00 0.001 0.003 0.000 0.026

Pre-established Constants:
alpha=0.05
B--0.1
(Zalpha/2+ZB)2= 10.50408

Assumption: 01-02 = T1 -T2

Equ;'tion for estimating minimum sample size for a two-period,

cross-over study (from reference 21).

n*= 2(26eW (Zalpha/2+ZB) 2

(2(T1 -T2)) 2


