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Abstract. Purpose: In this paper, based on the longitudinal data semi-parametric statistical model, the
treatment data of more than 1300 AIDS patients are analyzed. Considering the influence of different
treatment schemes, age and treatment time on the number of CD4 in patients. Procedures: the
co-variance matrix structure of the same individual is considered based on the semi-parametric model,
and the parameter estimation value is calculated by using the simulated annealing algorithm.
Conclusion: A conclusion about the effect of AIDS treatment is drawn, we get that the scheme 4 is the
best treatment scheme under the condition of controlling for the same value of other independent
variables, and the trajectory of the average number of CD4 over time is plotted. The new and original
in this paper is that Simulated annealing algorithm is used to find the global optimal solution, The
proposed procedures can analyze the influencing factors of AIDS treatment more accurately.

Introduction

In recent years, the incidence of AIDS is increasing year by year, and the treatment of AIDS needs
to be solved urgently. WHO reported that in 2010, there were 34 million living HIV carriers and
AIDS patients all over the world, with 2.7 million new infections, and 1.8 million deaths throughout
the year. UNAIDS released a new report in Paris on July 20, 2017. It is said that more than half of
people living with HIV/AIDS (53%) have received treatment and AIDS-related deaths have nearly
halved since 2005. But about 30 percent of people infected with HIV worldwide still do not know
their infection status, 17.1 million people living with HIV cannot get anti-viral treatment, and more
than half of those infected people are not inhibited.

During the treatment of AIDS patients, data from repeated measurements can be obtained for a
group of patients followed in chronological order, and the main efficacy indicators are generally
measured many times, as well as information such as treatment scheme, gender, age, and so on.
Considering the characteristics of time series and cross-sectional data, such data is often referred to as
"vertical data." The characteristic of this measurement data is that the observed values of the reaction
variables studied change with time, and the relevant covariates may also change with time.
Longitudinal data research is mainly concerned with two aspects: one is the analysis of the overall
average change trend, and the other is the analysis of specific differences among different individuals.
This kind of data structure is complex, the analysis is technical, and the model is diverse. In recent
years, the semi-parametric model of longitudinal data has developed rapidly ([6],[7].[8]), which is
one of the hot topics in contemporary statistical research ([9],[10],[11],[12]). The longitudinal data
semi-parametric model used for analyze the data of AIDS treatment, Describe the internal correlation
between the same patient measurement has become a major concern recently.

In China, there are not many literature analyzing AIDS treatment data with the semi-parametric
model of longitudinal data. The concept of semi-parametric model and longitudinal data is introduced
in detail in the literature [1]. Literature [2] focuses on the evaluation and prediction of AIDS therapy
based on the longitudinal data semi-parametric model. There are many differences between literature
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[2] and this paper. The actual calculation and analysis in literature [2] is only non-parametric model,
and the model does not contain parameters item. The error terms are assumed to be independent of
each other, and the correlation between the same individual is not analyzed. The non-parametric
estimation method is local polynomial kernel estimation. In this paper, the co-variance matrix
structure of the same individual is considered based on the semi-parametric model, and the parameter
estimation value is calculated by using the simulated annealing algorithm, this algorithm can avoid
local optimization and improve the estimation accuracy.

Model
The general form of the semi-parametric model of longitudinal data is

Y = XijTﬂ+ g(tij)+gij (2.1)
Where, we letY, , X, ¢, denote respectively the measured values of dependent variable,
independent variables and observation time at subject 7 on the jth observation,
i=L--,n;j=1---,n,B8=(B,B,)" is the unknown regression parameter vector of p dimension, g(-) is a
smooth, unknown function. Let

toyoyt ),

, .
i2 in;

Y, = (Yn’ Yigs ooy Yini )" X, = (Xn’ Xips oo Xini)T’ &=(&p-s gin,)Tl T =

i i1’

the model can be expressed as matrix form is

Y, =X, B+9(T)+¢,
where g(T)=(g(t,).---9(t, )" i=1---,n. Assume that the mean value of & under given X; and T, is
zero, and the covariance matrix is X .

The parameters estimation of our model is described below.
For the semi-parametric model Y, = X" 8+9(T,) + ¢, firstly fix the value of g and use the weight

function estimation method to estimate the unknown function g() preliminarily. A so-called weight

function estimation is defined as follows
Definition  (weight  function  estimation) Given model Y =g(T)+e , let

W, =W_(t)=W,_(t;T,,--T,)(i=1---,n) be the selected n functions that depend on t and (T,,---,T,) ,then

6, () = YW, (2.2)
i=1
is called the weight function estimation of regression function g(t) ,{w,,i=1---,n} is called the weight
function. If the weight function satisfies the condition

Wm(t;Tl,---,Tn)2O,Zn:Wni(t;T1,---,Tn):1 (2.3)
This is called a probability weight function.
Methods of defining weight functions mainly include nuclear function method and neighbor

method and so on, here we use the kernel method. Let K(u) be a non-negative kernel function with

respect to u=0 symmetry.(such as gaussian kernel: K(u)=e 2), select window width h =h (t) >0 and
define

bt W (th,)
J )W (1) =w; (th) = i

hn z::lz:]izlw:l (tlhn)

W (t;h,) = h, K ( (2.4)
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then w; (t)>0 and ZLZLWU (t)=1 are true for any t. Therefore, {Wij(t),izl,m,n;j:1,---,n.

} is the
probability weight, and the selection of its window width h, can be obtained by deleting one

individual at a time with the cross-validation method. Due to the existence of internal- individual
correlation, the cross-validation method of deleting one observation at a time may not be applicable,
because when the observation between individuals has positive correlation or the estimation function
is very smooth, the estimated smoothness will be poor.

The estimate of g(t) obtained by the kernel estimation method is expressed as

N

9(0) =Y > W (O, - X; ) (2.5)

n
i=1 j=1

n n

D W (4 )Yy X =ZZwk, (t;)X, , Substitute g(t) for the estimate of g(t;) above into

n
k=1 I= k=1 1=1

Let\?ij =

Y, =X B+9(T)+¢,
We get a new model

- - 0
Yi =Y = (Xij - Xij)Tﬂ+€ij’

where & =(9(t) -9 +&i=Lonmi=lon g Yo=Y oY, o Xa=X =X, YiY-Y,
Xi=(Xit, - Xin ) =X, - Xi » Where Y, =(Yiu,~-Yu)", X,=(Xu,Xn)" , then the matrix form of the
model is

Y~i:>~(iﬁ+{;~'i,

where & = (eu,--&n )" . In this way, semi-parametric model is transformed into parametric model in
form.
Now we consider to give an estimation method of g, from the semi-parametric model

A XijTﬁ+ g(Tij)+8ij )

We replace g() in (2.1) with g as the pre-estimate of function g

é(t) = Zn:zwij (Yij - XijTﬁ) :

i-1 j=1

You can optimize the objective function

6(8) =3 3 (Y, - X, - o(T, )’ (2.6)

i=1 j=1

We can take g, which minimizes Q(B), as its estimate, while get the estimate of 4, then we give
a final estimate of $(/3) for the unknown function ¢(-). However, based on the optimization of the
objective function, the internal correlation of individuals has not been well characterized. In the
application, in addition to the regression parameter g, the parameter or parameter vector (may be

denoted as « ) in the covariance matrix X of &; should also be estimated. The estimate of s and «

is B, a, giving the final estimate of g, whichis (3, a).

In addition to the longitudinal data, there are a large number of related data. Multiple observations,
classified data, repeated measurements and spatial data all involve correlation research. There are
many kinds of models for describing correlations, we can introduce the working correlation matrix in
Marginal models, establish the random-effects models or the Markov transfer model. On the basis of
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exploration and analysis, this paper assumes that the reasonable parameter working covariance
matrix V. approximately replaces the real covariance matrix X , and transforms the correlation

description into the parameter solving problem.
The reasonable assumption of work correlation matrix V. becomes the key of modelling analysis.

The assumption of the working covariance matrix depends on professional theory or working
experience, it is also a common method to use scatter plot matrix for exploration and analysis.

Assumed that the working covariance matrix in parameter form is V.(«), according to the
generalized least square method, the objective function can be optimized

QA =i(vi — X B= 9TV @)Y, - X B-g(T,)) (2.7)

By comparing (2.6) and (2.7), it can be seen that the introduction of relevant parameters makes the
number of variables of the objective function more, the expression more complex, and most of them
are non-linear, so the general optimization method of the objective function will be difficult to work.
The simulated annealing algorithm adopted in this paper has the advantage of obtaining the global
optimal solution (in the sense of probability 1).The value of 3,4 obtained by calculation, can use

such indicators as estimation bias and estimation standard deviation to describe the quality of
regression parameter estimation. Under certain regular conditions, the consistency, asymptotic
normality and other large sample properties of parameter estimation can be proved.

Simulated Annealing Algorithm

Simulated annealing algorithm is a research result of statistical mechanics of materials, which is from
principle of solid annealing. The earliest idea of this algorithm was based on the important sampling
method proposed by N. Metropolis and others in 1953.In 1983, S. Kirkpatrick successfully
introduced the idea of annealing into the field of combinatorial optimization.

Setting the value of the objective function as 7(x) and x as the independent variables of the
function, the independent variables are analogous to the molecular state and the temperature evolves
into the control parameters, and the simulated annealing algorithm for solving the optimization
problem can be obtained. The basic steps of the simulated annealing algorithm are as follows

1) randomly set initial state and set reasonable annealing strategy (select parameter values, initial
temperature, cooling law, etc.).

2)let x" = x + Ax ( Ax is a small uniformly distributed random disturbance),calculate
Af = £(x") - £(x).

3)If Af < 0 ,accept x' as the new state, otherwise accept x' with probability

r . .
P = exp(- AT) .The specific approach is to generate a random number & between 0 and 1. If

P > & accepts x', otherwise x' is rejected, and the system remains in state x .

4) Repeat steps 2) and 3) until the system reaches equilibrium.

5) Drop the temperature according to the law given in step 1),repeat steps 2)~4) at the new
temperature until it approaches 0 or reaches a predetermined low temperature.

Simulated annealing algorithm has many advantages. Firstly, compared with the traditional
algorithm, it does not require much analysis property of the target function, and it does not need
smooth conditions, such as derivability and high-order derivability. It is good at solving
multidimensional problems, suitable for more complex multivariate function optimization problems.
Simulated annealing algorithm has asymptotic convergence, the algorithm receives the inferior
solution in a random state update way, especially in a certain probability, so as to make the algorithm
jump out of the constraint of local extreme value. It tends to achieve better global optimal
performance, in theory, it has been proved that the Markov chain associated with the simulated
annealing algorithm is strongly ergodic. As long as the initial temperature is high and the annealing
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temperature table is appropriate, the simulated annealing algorithm is an optimization algorithm with
probability 1 that converges to the global optimal solution.

AIDS Data Analysis

Data Description and Model Calculation

We analyze data from the American AIDS medical trial group, the ACTG. More than 1,300 patients
were randomly divided into four groups, each taking one of the four treatments below, and the CD4
concentration was tested about every eight weeks. The daily use of the four treatments was 600mg
zidovudine or 400mg didanosine, which were rotated monthly. 600 mg zidovudine and 2.25 mg
zalcitabine; 600 mg zidovudine and 400 mg didanosine; 600 mg zidovudine and 400 mg didanosine,
and 400 mg nevirapine. We compare the four treatments and determine the best treatment time.

The longitudinal data semi-parametric model described above can be used to analyze the above
AIDS treatment data. The logarithm of patients' CD4 value is taken as the dependent variable V' of
the model, and three dummy variables are introduced into the four treatment schemes, respectively

denoted as x,, x,, x,, the independent variable of age is denoted as x__, and the variable of
observation time is denoted as ¢ ,the semi-parametric model of longitudinal data is expressed as

Vo= xp + xp, + xp + Xageﬂ4 + £(t) + &,

{ 1, treatmentl, { 1, treatment?, {1, treatments,
X X

where x, =

0, otherwise. ’ 0, otherwise. ’ 0, otherwise.

The efficacy of the fourth therapeutic regimen is used as a baseline, 5.(7 = 1, 2, 3) reflects the

average effect of an increase in type 7 treatment relative to the fourth type of treatment. In the
non-parametric part 7(¢), the kernel estimation method is used, and the difference type matrix of &
is assumed to be independent, equally correlated and exponential decline respectively to consider the
internal correlation of individuals.

Figure 1 shows the change curve of CD4 concentration in the first 7 observed individuals in the
above data. From the figure, we can see that the concentration of CD4 changes with time. As a whole,
the CD4 of These individuals first goes up, then goes down, and then goes up, showing a nonlinear
characteristic.
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Figure 1. Relational graph of treatment time and treatment
effect (number of CD4)

Figure 2. The estimated curve of the function g(t) (the
correlation is constant)

Figure 2 is a nonparametric function g(t) estimation when the correlation is constant, that is,
estimation of the function g(t) when the working covariance matrix is V, =(V,,),., , Where
2
, k=1 _. L
V, :{ 02 Figure 2 shows that the function image reaches a stable value after 15 weeks
o'p, k=
when the same individual is assumed to have an equal correlation in the longitudinal data. Table 1
gives estimates of unknown parameters in the model.
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Table 1. estimated values of model parameters when individuals are equally correlated
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model parameters estimated value estimates of variance
,31 -0.0273634 0.238571

B -0.0456932 0.345701

,33 -0.037854 0.485769

Bhge 0.483924 0.9246

P 0.527884 0.87362

Figure 3 shows the function estimation graph of the estimated g(:) in the case of the covariance

matrixV, = (V,,)

npxn; !

whereV,, = o?p* " k1 =1,---

,n.. (where n, is the number of observations, that

is, the correlation within the individual decreases exponentially).Meanwhile, the estimated values of
unknown parameters are given in table 2.

Figure 3. g(t) function estimation graph of individual correlation exponential decline

Table 2. Parameter estimation values of the individual correlation exponential decline model

0.8

06
04

02

i
0.2

0.4
o

ol |

5 10 15

20 25 30 3 a0

parameter estimated value estimates of variance
B -0.057383501 0.15764
B -0.042673912 0.57491
P -0.02758266 0.38642
Phge 0.5736274 0.74681
p 0.55897438 0.49268

Statistical Result Analysis

The results corresponding to three different covariance matrices can be compared and analyzed as

follows:

Table 3. Type of correlation coefficient matrix and corresponding sum of squared residuals

Correlation coefficient matrix The value of the Qbeta
(1)independent 97.987
(2)equally correlated 69.17963
(3)exponential decline 38.856389

The values of Qbeta in table 3 represent the sum of squared residuals. According to the value of
Qbeta, by combining the estimated values of each calculated parameter and the function images
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obtained by estimating model regression, it can be shown that in the case of exponential decline in the
correlation, the variation characteristics of AIDS curative effect are reasonable, that is, when AIDS
patients are on medication, the effect of AIDS increases in the first five weeks as the number of
treatment weeks increases, but after the fifth week there is a downward trend, and at the same time it
reaches a low point in the seventh week, then it continues to rise, reaches a peak in the fifteenth week,
then stays at a stable value, and starts to decline after the thirty-second week. It can be seen that the
treatment effect began to deteriorate due to physical, mental and other reasons in the later stage of
treatment. The therapeutic effect obtained in this covariance matrix is more reasonable compare to
the other two situation, and the value of Qbeta is smaller than other cases.

In addition, by analyzing the results of statistical calculation, we come to the following conclusions:

since S, =-0.0573835001 is the effect of the first scheme based on scheme 4, similar to

~

S,=-0.042673912 is the effect of the second scheme, and ,33:-0.02758266is the effect of the third

scheme, it can be seen that there is a negative mean effect of scheme 1, scheme 2 and scheme 3 on the
effect of scheme 4. Therefore, scheme 4 is the best treatment scheme under the condition of
controlling for the same value of other independent variables.
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