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Example 10.7 Cholesterol and heart disease
The Framingham heart study is one of the longest running epidemiological

studies and one which has been used in many contexts to illustrate meas-

urement error effects and corrections. Here we use data (obtained with

appreciation from Ray Carroll) for 1475 individuals, for whom the esti-

mated mean cholesterol level is between 175 and 325 mg.Dl and fit a logis-

tic regression model for the probability of coronary heart disease as a func-

tion of average cholesterol level.

There are two measures of cholesterol intake,  and  for the ith

individual. These are treated as replicates with  being

the observed mean cholesterol with  denoting the estimated

measurement error variance associated with , where  is the sample

variance of the two replicates for the ith individual. Table 10.16 shows

descriptive statistics on the estimated mean cholesterol and estimated

measurement error variance for those with and without heart disease.

Table 10.17 shows results for estimation of the slope and the odds ratio (for

a unit change in cholesterol) using naive maximum likelihood, and correc-

tions based on regression calibration (RC) and SIMEX. See Figure 10.5

which shows how the SIMEX estimates are obtained by extrapolation back

to . The standard errors labeled B and B2 and associated bootstrap

percentile confidence intervals were obtained using one-stage and two-

stage resampling, respectively. These analyses were computed using cus-

tomized programs (using SAS-IML) and involve no trimming of the boot-

strap samples. The associated confidence interval are 95% bootstrap per-
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Table 10.16 Descriptive statistics on observed average cholesterol (W) and esti-
mate measurement error variance ( ) using subsetted data. SD = standard 
deviation.

Heart disease Sample size Variable Mean SD

No (Y = 0) 1354 W 229.37 30.999

228.68 438.59

Yes (Y = 1) 121 W 239.73 30.751

218.18 341.60

Combined 1475 W 230.22 31.10

227.82 431.37
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