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Abstract:

Regression analysis is considered one of the statistical methods that are
widely used several papers because it describes the relationship between
variables in the form of an equation and is defined as a statistical tool used to
find out the relationship between the dependent variable and one or more
independent variables. The research problem was the presence of outliers in the
data of the dependent variable and this leads to the inefficiency of the linear
regression model estimated using general linear regression due to the failure to
meet the conditions for using Ordinary least squares method (OLS), and thus a
lack of confidence in its estimated and predictive accuracy, The aim of the
research is to use quantitative robust regression on a sample divided into three
quartiles (0.25, 0.50, 0.75) represented by (74) male kidney patients in Al-
Kadhimiya Hospital for the period (1/2024-3/2024) and compare it with general
linear regression and choose the best model using Comparison standards
(Hannan & Quinn, Schwartz Bayesian, Akaike Information), to determine the
extent of the effect of independent variables (Diabetes, Hypertension,
triglycerides, age) on the increase in blood urea, and the researcher reached the
advantage of quantitative robust regression (first quartile and second quartile)
compared to general linear regression, While general linear regression appeared
better than quantitative robust regression (third quartile), All independent
variables have a significant effect on the increase in blood urea levels in all three
models.
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Introduction:

Regression analysis is a statistical tool used to determine the
relationship between the dependent variable and one or more Independent
variables , Regression analysis is one of the statistical methods that is
widely used in most papers because it describes the relationship between
variables in the form of an equation, Regression analysis is used for several
important purposes, namely finding the regression equation that describes

the data available to the researcher, estimating its coefficients to know the
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strength and direction of the relationship between variables, and estimating
the values of the dependent variable and predicting them in the future,
which is useful in planning and decision-making. Regression analysis is
divided into two main parts: linear regression and Non- linear regression,
In this paper we will discuss linear regression comparing with robust
quantile regression, which is considered one of the good methods, The
research problem was the presence of outliers in the data of the dependent
variable, which leads to the inefficiency of the estimated general linear
regression model due to not meeting the conditions for using (OLS) and
thus the lack of confidence in its estimation and predictive accuracy. The
research aimed to use quantitative robust regression (quartiles) on a sample
consisting of (74) only male kidney patients in Al-Kadhimiya Hospital for
the period of time (1/2024-3/2024), comparing it with general linear
regression and choosing the best model using comparison standards (HOC,
BIC, AIC). The research also aimed to determine the extent to which
independent variables (Diabetes, Hypertension, triglycerides, age) affect
the increase affect the increase in the ratio of urea in the blood, It is
necessary to present some literature that dealt with the subject of study. In
2009, Kazim[7] compared the estimates of the OLS method and the linear
goals programming method for the multiple linear regression model, In
2023,Shahut and Shatwan[13] used multiple linear regression to predict the
sales volume of the building materials investment complex in Misrata,
using the OLS method to estimate the model parameters, Also in 2023
Bassiouni[3] presented a comparative study between methods for treating
double linearity using internal migration data in Egypt, In 2014 Long
Yunk[10] discussed robust regression, which deals with the distortion of
the data of the dependent variable due to it containing outliers using the
method of least absolute deviation, In 2018, researcher Elisabeth[6] made a

comparison between general linear regression (OLS) and quantitative
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robust regression, explaining the disadvantages and advantages of robust

regression,

1- the theoretical side:
1-1: General linear regression:[9][11][13]
As it is known, the least squares (OLS) method estimates the conditional
mean of the response variable (Y) across the values of the explanatory
variables (X1i), so that it is possible for one variable to be predicted by the
other. The general linear regression model is written according to the
following formula:

Y=XB+¢ (D)
Where :
Y: Dependent variable vector of (nx1) ,X:Matrix of explanatory
variables (nxp), B : Vector of parameters to be estimated (Px1), ¢
Random error vector(nx1) ,
let: &~N(0,0%I,)
The least squares estimator is according to the following formula:
Bus = (%X) "Xy )

The variance and covariance matrix of the estimator (B s) are given

by the following formula:

Var — Cov(BLs) = o2 ()'(X)_1 (3)
The vector of parameters of the linear regression model estimated by the
least squares (OLS) method has the Best Linear Unbiased Estimator, One
of the conditions for applying ordinary least squares is that there be no
multicollinearity between the explanatory variables, and the number of
observations must be greater than the required number of parameters.

1-2 : robust quantile linear regression :[1][12][14]
Robust quantile regression is used to estimate the parameters of the

regression model when there are outlier values in the dependent variable,
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which are values that differ significantly from the rest of the set of values,
robust regression aims to reduce the impact of outliers on the estimation of
regression parameters, By minimizing the robust loss function, which is
less sensitive to outliers than the squared error function used in ols ,
Quantitative regression is one of the regression methods used in statistics
and econometrics, introduced by Koenker and Basset in 1978, and quantile
regression estimates the conditional mean or (other quantities) of the
response variable Basically, quantile regression is an extension of linear
regression and is used when the conditions for general linear regression are
not met, Quantile regression is more desirable if conditional partition
functions are important. One of the advantages of quantile regression
compared to general linear regression is that quantile regression estimates
are more robust against outliers or anomalies in response measurements.
1-3 : The quantile function:[5][8][14]

For a random variable X with probability distribution function

FX)=p (X =x)

The q th quantile of X* is defined as the inverse function

QR(q)=F, (@)= Inf {x : F(x)=q }

where 0 < q < 1. In particular, the median is QR (1/2)

Q)
10+

Figure (1) Quantitative function
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If we assume that we have a random sample (yq,Xq).... ( Yn, X, ) then the
quantile regression model takes the following form:

QRy(Y) = Bo(@) + B1(@)X; + B2(@)Xzy + - + B (X1 + € ...(4)
Whereas:

QR: Quantile regression , q: A specific quantity (rabiyat, hundreds,
tens...etc.) , Y:Dependentvariable , [(k:Model parameters |,
Xk: Independent variables

€: Random error vector(nx1):

Quantile regression works to minimize the absolute deviation between
random error and a specific quantity (quartiles, decimals,) under study as
follows:

Median regression deviation (LAD)=Min}.{L,|e;| ..(5)
following form:The process Least Absolute Deviation in the partition

regression model takes the

Q(Bo) = Z aleil + Z (1 - @lei

iryi=xif iryi<xif
Q(Bq) = Ziyisxip Alyi — XiBq | + Ziyicxig(1 — DIyi — xiBgl  -..(6)

In the first part of the above equation, q works to reduce the
overestimation, and in the second part of the above equation, (1-q) works
to raise the underestimation. QR uses the linear programming method or
the interior point method to estimate the model parameters.

1-4: Comparison standards:[2][3][9]
Some statistical standards can be used to compare the estimated regression
models as follows:

1- Hannan&Quinn (HOC)

It is calculated according to the following formula
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HOC=-2 Log-likelihood + 2k In[In(n)]
2- Schwartz Bayesian(Bic)
It is calculated according to the following formula
Bic=-2 Log-likelihood+ k In(n)
3- Akaike Information(Aic)
It is calculated according to the following formula

Aic=-2 Log-likelihood+2k

Whereas:
K : Model rank , n : Number of sample observation
Log — likelihood = —glog(ZTE) — g log(c?) — Z—;Z e;2 ..(7)

2-The application side:
2-1: Data collection:

Data were collected from a random sample of (74) men with kidney
failure (kidney dysfunction) hospitalized in Al-Kadhimiya Teaching
Hospital for the period (2023:10-2024:1). The research variables can be
explained as follows::

Y: The dependent variable represents the level of urea in the blood
The independent variables are:

X;:Diabetes , X,:Hypertension Xjs:Triglyceride, X,: Age of patients
The data was presented in the table below after arranging the values of the
adopted variable in ascending order:

Table (1) represents the values of the research variables

Yy [ x, [ X, [ X3 [ x, | | Yy [ x5 [ x| X | X,

31 80 11 150 | 47 | 38 | 93 | 232 | 14 | 295 | 61

32 88 12 1140 | 50 | 39 | 96 | 206 | 16 | 302 | 60

39 73 14 | 167 | 51 | 40 | 96 | 204 | 16 | 290 | 61

42 | 133 | 14 | 166 | 49 | 41 | 97 | 190 | 18 | 302 | 61

44 83 13 | 166 | 48 | 42 | 97 | 191 | 16 | 297 | 62

OR[N = —

47 70 14 | 163 | 53 4 97 1199 | 15 | 295 | 60
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7 14 | 164 | 53 | 44 | 98 | 218 | 15 | 299 | 63
8 13 | 166 | 54 | 45 | 99 | 199 | 14 | 302 | 61
9 14 | 166 | 52 | 46 | 99 | 193 | 15 | 302 | 63

10 53 113 13 166 | 56 | 47 | 99 | 203 | 15 | 319 | o4
11 54 112 14 169 | 55 | 48 | 101 | 213 | 15 | 328 | 64
12 54 114 12 169 | 55 | 49 | 101 | 226 | 16 | 323 | 63
13 62 111 16 165 | 54 | 50 | 107 | 231 15 | 317 | 64
14 66 113 14 167 | 61 51 | 107 | 230 | 17 | 317 | 62
15 66 113 15 168 | 60 | 52 | 107 | 219 | 17 | 305 | 65
16 68 114 18 169 | 57 | 63 | 101 | 222 | 15 | 297 | 65
17 69 122 15 168 | 56 | 54 | 106 | 206 | 15 | 302 | 64
18 75 129 17 186 | 56 | 55 | 121 | 226 | 18 | 289 | 65
19 75 128 17 185 | 57 | 56 | 125 | 225 | 16 | 279 | 59
20 78 122 16 | 200 | 63 | 57 | 125 | 198 | 18 | 278 | 66
21 80 133 19 | 208 | 58 | 58 | 126 | 200 | 18 | 255 | 67
22 81 137 18 | 221 57 | 89 | 126 | 206 | 16 | 256 | 66
23 84 146 14 | 235 | 56 | 60 | 126 | 202 | 16 | 274 | 67
24 84 171 16 | 243 | 58 | 61 | 150 | 191 17 | 255 | 67
25 85 190 16 | 254 | 57 | 62 | 183 | 212 | 20 | 270 | 65
26 85 | 212 17 | 279 | 58 | 63 | 168 | 207 | 20 | 282 | 67
27 85 | 232 15 | 291 57 | 64 | 173 | 201 19 | 282 | 66
28 86 | 228 18 | 275 | 59 | 65 | 201 | 184 | 16 | 283 | 67
29 89 | 252 16 | 292 | 57 | 66 | 217 | 216 | 18 | 274 | 68
39 89 | 252 15 | 300 | 60 | 67 | 218 | 240 | 18 | 277 | 68
31 89 | 269 16 | 298 | 59 | 68 | 218 | 242 | 17 | 281 | 68
32 90 | 277 17 | 307 | 58 | 69 | 231 | 240 | 15 | 276 | 69
33 90 | 265 16 | 305 | 60 70 | 234 | 248 | 16 | 271 | 69
34 90 | 249 16 | 297 | 60 71 | 234 | 278 | 18 | 271 | 71
35 90 | 256 17 | 295 | 59 72 | 270 | 258 | 16 | 251 | 69
36 92 | 236 17 | 295 | 60 73 | 274 | 261 16 | 256 | 70
37 93 | 228 15 | 284 | 59 74 | 274 | 279 | 20 | 256 | 72
Using the statistical program (spss 26) and the program (GRTEL), the statistical
analysis was carried out according to the following paragraphs

2-2:Test for outliers:

The box-plot chart was used to detect the presence of anomalous
values in the values of the dependent variable. By looking at Figure (1), it
was revealed that there are values outside the second wall of the box, and

therefore these values are considered anomalous from the other values.
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2-3 : Estimating a general linear regression model :

Table (2) OLS estimation results

Parameter | Std. t- . . Adjusted
e estimate | Error | value Sig. 1o Sig RA2
2.85¢- 1.18e-
const -366.522 | 38.329 | -9.563 014 83.2145 025 0.828298
X, 603 115 | 5241 1'82‘3'
X5 .052 1.984 .026 0.9793
X3 0.643 .019 -5.930 1'836_
1.58e-
X4 8.614 .796 10.38 016

Looking at Table (1), we find that (p-value=1.18e-025) for the

calculated (F) value is less than the significance level (0.05), which

indicates the importance of the estimated general linear regression model.

It turns out that the independent variables (x,x3,x4) (83%) exert a

significant influence on the dependent variable because the marginal

regression coefficients (b4, b3, bl) have probability values smaller than 05

and the rest of the influences (17%) are from external factors. .

2-4: Estimating a quantile robust regression model
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The regression equation was estimated using quartiles as follows:
1- When (q=0.25)
Table (3) Estimation results(QR 25)

Vrmmaiar | LS | e e t Sig. F Sig PSEUDOR"2
estimate value
2.24e- 1.28717e-
const -238.539 19.1004 12.49 019 122.872 030 0.57
X 136 0.0573756 | 2.363 | 0.0209
X, 2.155 0.988688 | 2.179 | 0.0327
X3 -0.082 0.0540443 | -1.518 | 0.1335
Xy 4.769 0.396421 12.03 167,1286_

Looking at Table (3), the estimated first quartile regression model
appeared significant because the calculated value (p-value=1.28717¢-030)
is less than the significance level (0.05), and it turns out that the
independent variables (X,x2,x3) by (57%) have a significant effect. on the
dependent variable because the marginal slope parameter (b4, b2, bl) has
probability values smaller than 0.05 and the rest of the influences (43%)
are from external factors.

2- When( g=0.05)
Table (4) Estimation results (QR5)

Parameter | Parameter | Std. Error t- Sig. F Sig PSEUDORA2
estimate value
const -369.389 | 25.1290 - 6.07e- | 162.339 | 2.53657e- 0.52
14.70 023 034
X4 419825 | 0.0754848 | 5.562 | 4.71e-
07
X2 3.71360 1.30074 | 2.855 | 0.0057
X3 0.45575 | 0.0711021 - 1.53e-
6.410 08
X4 7.41797 0.521542 | 14.22 | 3.38e-
022

Looking at Table (4), we notice that the value (p-value=2.53657e-
034) of the calculated (F) value is less than the significance level (0.05),
which indicates the importance of the estimated second quartile regression

model, and it turns out that (52%) of the independent variables Taken
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together, they have a significant effect on the dependent variable due to all
regression parameters (b1, b2, b3,b4,) with probability values smaller than

(0.05) at a rate of (52%). The remaining influences (48%) are from

external factors
3- When( g=0.75)
Table (5) Estimation results(QR 75)

Parameter | Parameter Std. t- value Sig. F Sig PSEUDOR"2
estimate Error
const -386.675 | 63.9008 | -6.051 | 6.63e- | 33.3653 | 1.7661e- 0.642
08 015
X, 0.505685 | 0.191951 | 2.634 | 0.0104
X, -3.96481 | 3.30767 | -1.199 .
0.2348
Xs -0.741336 | 0.180806 | -4.100 | 0.0001
Xy 11.0202 | 1.32623 | 8.309 | 5.43e-
012

Looking at Table (5), we notice that the value (p-value = 1.7661e-
015) of the calculated (F) value is less than the significance level (0.05),
which indicates the importance of the estimated third quartile regression
model, and it was found that (64%) the percentage of influence of the
independent variables(x,x; ,x4) on the dependent variable because the first
marginal slope parameter (b1, b3, b4) has a probability value smaller than
the significance level of 0.05) and the remaining effects of external factors.
2-4: Choosing the best estimated regression model :

A comparison was made between the general linear regression model
and the quantitative Robust regression models through statistical
comparison measures, as follows:

1- Comparison between the general regression model and the

quantitative robust regression model (first quartile)

Table (6) comparison standards(R,;) & (QRys)
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AIC HOC BIC

692.2426 696.8382 703.7629
QRy2s 669.5764 674.1720 681.0968 BEST

By looking at the table above, it turns out that the first quartile
regression (QR (,s) is the best because it has the lowest comparison
standards. The regression equation is written as follows:

QR ,5(y)=-238.539+0 .136x; + 2.155x, — 0.082x3 + 4.769x,

The regression equation above showed that every one-unit increase in
blood sugar for patients ranked in the first quarter leads to an increase in
their urea by (0 .136), and that a one-unit increase in blood pressure leads
to an increase in urea by (2.155), while there appeared to be no significant
effect of fat on urea, and finally When the age of patients increases by one
unit, it leads to an increase in urea by (4.769)

2- Comparison between the general regression model and the quantitative
robust regression model (second quartile).

Table (7) comparison standards (QR (50) & (Rg)

model AIC HOC BIC
R o5 692.2426 696.8382 703.7629
QR 5o 686.9160 691.5116 706.4363 BEST

By looking at the table above, it turns out that the second quartile
regression (QR (50) 1s the best because it has the lowest comparison
standards. The regression equation is written as follows:

QR,:(y)= —369.389+0.419825x; + 3.71360 x, + 0.455756x; +
7.41797 x,

The regression equation showed that every one-unit increase in blood
sugar for patients ranked in the second quarter leads to an increase in their
urea by (0.419825), while a one-unit increase in blood pressure leads to an
increase in urea by (3.71360), While a single unit increase in blood fat for

patients leads to an increase in their urea by (0.455756)., and finally, when
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the age of patients increases by one unit, it leads to an increase in urea by
(7.41797 ).

3- Comparison between the general regression model and the quantitative
robust regression model (third quartile).

Table (6) comparison standards (QR y75) & (Rg)

model AIC HOC BIC
R o 692.2426 696.8382 703.7629 BEST
QRy =0 705.1416 709.7372 716.6619

DOI: httDS://dOi.org/lO.36325/ghiec.v2013.172

By looking at the table above, it turns out that the general regression
is the best because it has the lowest comparison standards. The regression
equation is written as follows:

y:=-366.522 + 0.603x; + 0.052x, + 0.643x; + 8.614x,
The regression equation showed that every one-unit increase in the blood

sugar level for patients classified in the third quarter leads to an increase in
their urea by (0.603), while no significant effect appeared on blood pressure.
As for a one-unit increase in the blood fat percentage, it leads to an increase in
their urea by (0.643). Finally, when the age of patients increases by one unit, it
leads to an increase in their urea by (8.614).

Conclusions:

All linear regression models appeared significant

The advantage of the quantitative hippocampal regression model (first
quartile) compared to the general regression model

The advantage of the quantitative hippocampal regression model (second
quartile) compared to the general regression model

The advantage of the general regression model compared to the quantitative
hippocampal regression model (third quartile)

The significant effect of independent variables (sugar, high blood pressure,

age) on the rise in blood urea levels within the limits of the first spring data.
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The effect of all independent variables (sugar, high blood pressure, fat, age)
on the high level of urea in the blood within the limits of the second spring
data.

The effect of each of the independent variables (sugar, fat, and age) on the
increase in the level of urea in the blood within the limits of the data of the
third spring
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