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Assignment#3

A Growth Analysis of a Placebo Group In a Treatment of Lead-Exposed Children (TLC) Trial

This report uses growth modeling to analyze, over time, the lead levels in the blood of a placebo group within a trial that studies the Treatment of Lead-Exposed Children (TLC).  In this randomized trial, the lead levels were repeatedly measured at four discrete times – at baseline (Week0), Week1, Week4 and Week6. 

Table 1 displays the means of the lead levels for the placebo group over time. An ANOVA concludes that the means measured at four time points did not significantly differ (F*(3, 196)=2.21, p<.0884). However, a non-linear decreasing pattern of the means over time is observed. The mean levels of lead drop the most at the first week after taking the placebo – the mean difference between the baseline and Week 1 is 1.61 – while after Week 1, the rate of change appears to be relatively small – the mean decreases by 0.59 at Week 4 and by 0.42 at Week6.

Table 1 Mean Lead Levels for the Placebo Group Over Time

	Time
	Mean
	Std Dev
	Minimum
	Maximum

	Week 0
Week 1
Week 4
Week 6
	26.272
24.660
24.070
23.646
	5.024
5.461
5.753
5.639
	19.700
14.900
15.300
13.500
	38.100
40.800
38.600
43.300


Most children seem to follow this non-linear decreasing pattern – their lead levels decreased noticeably one week after the placebo treatment and then more gradually over the remaining weeks of the trial. A sample plot of 25 children (Figure1) displays this decreasing pattern in lead levels. 

Figure 1 Plot of the Observed Values of Blood-Lead Levels Over Time
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In order to describe this pattern, I explored several growth models of interest. As a first step to finding an appropriate model, I fit a model with fixed time scores assuming linear growth (Model 1 in Table 2). The intercepts are fixed at 1 and the intercepts of the slopes are fixed at 0. The slopes were assumed to be linear and to be equidistant (the time scores 0, 1, 4, 6 were used). The Chi-square test for model fit however, suggested that Model 1, the linear growth model, might not fit the data well (
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, p = 0.0207, RMSEA = 0.182). 

Therefore, a non-linear growth model with freed 2 time scores for Week 4 and Week 6 (Model 2) was proposed. Since individual variations in growth rate were not significant, I assumed that individual lead levels increased at the same rate and thus fixed the variance of the slope at zero in Model 2. In addition, Model 2 correlated the residuals for adjacent time points i.e. Week0 with Week1, Week1 with Week4 and Week4 with Week6 because it is natural that the blood lead level at one time point might be related to the level at the next time point. Through this model modification, Model 2 provided a higher p-value for a Chi-square test (p=0.3321) and a higher CFI (0.999) than Model 1. The likelihood ratio test (LRT) also supports significant model improvement (p<.05)
. Although allowing estimations of the growth scores seems to improve the fit of the model, it also, however, leads to less degree of freedom.

Model 3, a piecewise growth model with two slope growth factors was fitted. As mentioned earlier, the slopes of the lead levels seem to consist of two types– a relatively large decrease early (Week 0 –Week1) and a slight decline later (Week 1 – Week 6) 
. Like model 2, it was assumed that the growth rates do not vary across individuals. This assumption also helps model identification since there are only three time points for each slope growth factor. Therefore, the variances of both growth rates at both early and later time periods were fixed at zero. The residuals of Week0, Week1, Week4 and Week6 were correlated using the same rationale as the model modification in Model 2. Since Model 3 and Model 2 are not nested, Akaike's information criterion (AIC) and the Bayesian information criterion (BIC) were used to compare the two models. Model 3 has a smaller AIC and smaller BIC than Model 2. Furthermore, Model 3 is more parsimonious in terms of the number of estimated parameters (# parameter = 11) compared to Model 2 (# parameter = 12). A higher p-value observed from the Chi-square test of model fit, a higher CFI, and a small RMSEA also indicate that Model 3 fits the data better than Model 2. Therefore, I selected the piecewise growth model, Model 3 as the final model. Figure 2 demonstrates the final model.

Table 2 Tests of Model Fit for Model 1, Model 2 and Model 3

	
	Model 1
	Model 2
	Model 3

	Chi-square value
	13.297
	2.183
	2.256

	   DF
	5
	2
	3

	   P-value
	0.0207
	0.3321
	0.5200

	CFI
	0.959
	0.999
	1.000

	Loglikelihood
	-524.199
	-518.642
	-518.679

	# of Parameter
	9
	12
	11

	AIC
	1066.399
	1061.285
	1059.358

	BIC
	1083.607
	1084.229
	1080.390

	RMSEA
	0.182
	0.081
	0.000


Figure 2  Final Model - Piecewise Growth Model
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The piecewise growth model estimated the mean of lead level at initial status to be 26.287. It was also found that there was significant variation across individuals at initial status. Table 3 displays that the estimated means are close to the observed mean. This indicates that the model fits the data well. 

Interestingly, the average growth rate of the first time period (Week 0 – Week1) across individuals was found to be significant and negative ([s1]=-1.638, p<.05). On the other hand, the average growth rate of the latter time period (Week 1 – Week 6) was not significantly different from zero ([s2]=-0.505, p>.05). In fact, before the TLC trial group began their treatment with succimers or placebos, they conducted interventions on the families of all participants. Some families were move to more lead-safe housing while some families’ homes were cleaned. Each family was also given a month’s supply of TLC vitamins and mineral supplements(TLC group, 2000)
. Also since house cleaning and education have been known to reduce the levels of lead in blood, the declining growth rates early on, therefore, seem to arise from the effect of those intervention before the trial. These effects from the previous interventions seem to disappear after Week 1 according to the piecewise model. This could indicate the presence of intervention effects which can be detected through the use of this piecewise growth model. This also implies that the lead levels of the treamtent group should substansitvely drop early on if there a treatment effect is present.  

Table 3 Estimated Mean of Lead Level versus Observed Mean of Lead Level

	Time
	Observed Mean
	Estimated Mean=Intercept mean + S1*timescore+S2*timescore

	Week0

Week1

Week4

Week6
	26.272

24.660

24.070

23.646
	26.287+(-1.638)*0+(-0.505)*0=26.287
26.287+(-1.638)*1+(-0.505)*0=24.649
26.287+(-1.638)*1+(-0.505)*1=24.144
26.287+(-1.638)*1+(-0.505)*2=23.639
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� -2LL (11.11) was greater than  the critical value of� EMBED Equation.3  ��� at α=.05 (7.82)


� The time score, [0, 1, 1, 1], was used for the slope 1 and [0, 0, 1, 2] was used for slope 2.  


� Treatment of Lead-exposed Children (TLC) Trial Group, Safety and Efficacy of  Succimer in Toddlers with Blood Lead Levels of  20-44 µg/dL (2000).  Pediatric Research, 48, 593-599.
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