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Analysis of Total Cholesterol Data
Random Mixed Effect Model

Abstract

A retrospective cohort study was conducted to investigate whether clinical data,
collected through daily medical practice at each medical institute, can be merged based
on each patient in terms of a patient background, the results of medical tests (a blood
test etc), and observed adverse events. Once these data can be merged on the basis of a
patient, the data can be merged among participated medical institutes. Then statistical
analyses can be conducted to investigate how efficacy and adverse events can be
controlled at daily patient life. We focus on the total cholesterol level and investigate
how this variable can be controlled by prescribed drug over a time and investigate what
risk factors can influence the total cholesterol level by applying random mixed effect
model.

Primary outcome variable: TCHO total cholesterol level (measured at multiple visits)
Covariates: GENDER, HEIGHT, WEIGHT, AGE (recorded at baseline)

Random effect: TIME (time of the visits)

GENDER and AGE turned out to be significant fixed effects for total cholesterol level,

and time of visit has a significant longitudinal effect for total cholesterol level.
Summary Statistics

The raw data set contains 3087 subjects. 220 subjects are missing the primary outcome
variable “total cholesterol level” thus excluded from the analysis. The analysis set used
in this report contains 2867 subjects, each of them has at least one visit to have their
cholesterol level measured. Most of the subjects had less than 30 visits during the entire

study period (Figure 1), however the number of visit can be as many as 60 times (one

subject).
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Figure 1

The duration of the study period varies for each subject as well. For the subjects who
had only one visit at day 0 the duration of the study is considered to be 0 days. The
longest follow-up duration is 866 days (Figure 2).



Histogram of the Followup Time
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Figure 2

The primary outcome variable “total cholesterol level” is assumed to be normally
distributed, which can be seen from both Figure 3 and Figure 4. Figure 3 shows the
histogram plot of all the measured total cholesterol levels, allowing for multiple
measurements for each subject; Figure 4 shows the histogram plot of the total
cholesterol levels averaged within each subjects, allowing only one entry for each

subject.
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Histogram of the Total Cholesterol Level for Averaged by Subjec
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Scatter plots are made to visualize the relationship between the covariates and the
outcome variable. Figure 5 shows the pair-wise scatter plots of the outcome variable
TCHO with three of the continuous covariates HEIHT, WEIGHT, and AGE. There is
apparent positive correlation between HEIGHT and WEIGHT, negative correlation
between AGE and HEIGHT, negative correlation between AGE and WEIGHT
Correlation between the covariates and the outcome variable is unclear from the scatter

plot.
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Figure 5

Linear Mixed Effect Model with Random Time Effect

As can be seen from Figure 1 and Figure 2, the study data is highly unbalanced over
time. Each subject has various number of visit, and they can visit at different times as
well. There is between-subject variation because the subjects are measured at different
times, also there could be “longitudinal” or within-subject information that arises
because subjects are measured repeatedly over time, yielding measurements of TCHO

at different times.

The goal of the following analysis is to determine how total cholesterol level (TCHO)

over time is related to the gender, height, weight, and age of the subject. Because the



data are inherently unbalanced, accounting for the covariance among the repeated
observation on the same subject via a random effects structure is necessary. Here we
allow the intercept and slope for TIME to varying randomly from one subject to another.

Specifically, we consider the following model for TCHO:

E(TCHO, |b,) = B, + B,GENDER, + B,WEIGHT, + B,HEIGHT, + 3, AGE,
+ BTIME,, + b, + b, TIME,

where T CHOI]. is the total cholesterol level for the ith subject at the jth visit, and

GENDER,, WEIGHT,, HEIGHT,, AGE, are the initial or baseline information for
the ith subject. In this model, [, is the longitudinal effect of TIME.

The REML estimates of the fixed effects are displayed in Table 1. GENDER, AGE and
TIME turn out to have significant effects on the total cholesterol level, while HEIGHT
and WEIGHT are not significant. Remove HEIGHT and WEIGHT from the model and
refit the mixed effect model, and the REML estimates of the fixed effects are displayed
in Table 2.

E(TCHO, |b) = 8, + B,GENDER, + B, AGE, + B,TIME,, + b, + b, TIME,

Specifically, female subjects have higher total cholesterol levels than male subjects of
the same age, and the difference is about 15.54 mg/DL on average. Meanwhile every 10
years increase in age results in a decrease in total cholesterol of 5.7 mg/DL on average.
TIME has a significant longitudinal effect on the total cholesterol level as well, the level

decreases by 1.67 mg/DL on average every 100 days.

Table 1

Solution for Fixed Effects

Effect GENDER Estimate St Err DF t Value Pr > |t}
Intercept 243. 80 31.4748 857 7.75 <. 0001
GENDER F 15. 7359 3.25674 7762 4.83 <. 0001
GENDER M 0

WEIGHT -0. 1996 0. 1040 7762 -1.92 . 0. 0551



HEIGHT 0. 07488 0.1736 7762 0.43 0. 6662
AGE ~0. 6464 0.1043 7762 ~6. 20 <. 0001
TIME -0. 02298 0. 002890 799 -7.95 <. 0001
Table 2

Solution for Fixed Effects

Effect GENDER Estimate St Err DF t Value Pr > |t]
Intercept 239. 57 3.3576 2862 71.35 <. 0001
GENDER F 15. 5398 1.1905 18E3 13.05 <. 0001
GENDER M 0

AGE -0. 5734 0. 05057 18E3 ~11.34 <. 0001
TIME -0. 01669 0. 001406 2553 -11.87 <. 0001

The estimates of the variance and covariance of the random effects from the reduced

model are displayed in Table 3. When these estimates are compared to their standard

errors, there is evidence to support their retention in the model.

Table 3

Covariance Parameter Estimates

Cov Parm Subject Estimate St Err VA Pr>Z
Var (b)) D 1032. 58 34. 8457 29.6 <. 0001
cov(by,, b)) ID -0. 7816 0.05618  -13.9 <. 0001
Var (b,,) D 0.002358  0.000138 17.1 <. 0001
Residual 724. 08 7. 4816 96. 7 <. 0001

The estimated variance and covariance matrix for the first subject (ID 9000001, 8 visits)

is shown in Table 4. The result indicates that there is strong positive correlation among

measurements of total cholesterol level, and the correlation declines by a modest

amount over the visit times but does not decay to 0.



Table 4
Estimated V Matrix for ID 95000001

Row Coll Col2 Col3 Col4 Colb Col6 Col7 Col8
1 1756. 66 988. 81 901. 27 879.38 841. 08 748. 07 698. 82 627. 70
2 988. 81 1676. b1 879. 68 861. 49 829. 67 752.37 711.45 652. 34
3 901. 27 879. 68 1560. 59 825. 72 806. 84 760.97 736. 69 701. 60
4 879. 38 861. 49 825.72 1540. 86 801.13 763.12 743. 00 713.94
5 841. 08 829. 67 806. 84 801.13 1515. 22 766. 89 754. 05 735. 60
6 748. 07 752.37 760. 97 763. 12 766. 89 1500. 11 780. 87 787. 86
7 698. 82 711. 45 736. 69 743. 00 754. 05 780. 87 1519. 15 815. 58
8" 627. 70 652. 34 701.62 713.94 735. 50 787. 86 815. 58 1579.7

Conclusion and Discussion

A linear mixed effect model is deployed to fit the total cholesterol level data with time of
the visit as random effect. Gender and age turn out to be significant fixed effect factors
to have an impact on the total cholesterol level, in that female subjects have higher total
cholesterol levels than male subjects of the same age, and the difference is about 15.54
mg/DL on average. Meanwhile every 10 years increase in age results in a decrease in
total cholesterol of 5.7 mg/DL on average. Time of visit turns out to have a significant
longitudinal effect on the total cholesterol level as well, the level decreases by 1.67

mg/DL on average every 100 days.

The analysis used all the available data. Subjects with even a single observation are

included in the analysis.
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