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Variables Minimum Maximum Mean SD Variance
BMD (continuous) -3.99 .90 -1.7684 1.10164 1.214
BMI 19 48 30.65 5.054 25.547

BMI sidly BMD el cplally (g)laall CalyaiVlg Jasssll dasdy Ae¥) aslly SV aall cpw (2) Jsandl o
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Ay (b 31 Liapa gl el bl pdd Jalss 1(3) dsaa

Variable X, X, X3 X, X5 Xe X5
VIF 1.394 1.073 1.196 1.112 1.079 1.061 1.119

Variable Xg Xq X10 X114 X1z X3 Xi4
VIF 1.300 1.055 1.156 1.030 1.044 1.063 1.111
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Multicollinearity Adadll dkell 2203 A 2as3 ¥ asly Jsdll (e 5 o BT Gl pde Jalse ad aaen of Lass
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ot e JS Lsina e Cigiall 1Y) Al sty
HO[)’J=O vs. HAﬂjio

) Feasll) iy zigall ((4) Js

Variables Coefficients Estimates Std. Error t value p value
12 a, -2.500 0.942 -2.654 0.008
2|3 a, -0.121 0.931 -0.130 0.896
Age (>60) b1 0.812 0.275 2.946 0.003
Address B 0.057 0.417 0.136 0.892
Job B3 -0.293 0.404 -0.725 0.468
BMI Ba -0.083 0.024 -3.515 0.000
Smoking Bs 1.821 0.708 2.572 0.010
Sun Exposure Be -0.863 0.301 -2.864 0.004
Pregnancy (>5) B, 0.653 0.245 2.662 0.008
Menopause 2 Bs.2 1.891 0.333 5.683 0.000
Menopause 3 Bs.s 1.356 0.326 4.163 0.000
Contraceptive Bo -0.318 0.262 -1.215 0.225
Fracture Bio 1.493 0.381 3.919 0.000
Family History Bi1 0.572 0.587 0.973 0.330
Steroids Bz 0.685 0.530 1.292 0.196
Milk 2 Bi32 -0.399 0.379 -1.054 0.292
Milk 3 P13 -2.134 1.037 -2.058 0.040
Beverages 2 Biaz 0.945 0.335 2.820 0.005
Beverages 3 Bias 1.295 0.660 1.962 0.050

Cun oz 3l allee e dabee S Digien o Cagigll tlad) me 5 enslll 7 35aU 8300l alledl (4) Janll prasy
el e anls o e S iyl ¢ gl el el cuadl] 223U mpatl) il (BMI ¢ anll) clpiiall of
Lol e .0.05 oo Jif p-value B of s ellds callaal) Zilia (e Blall o 50 Ly digine (Al il sial)
@ Dgina (sl e 2l S oy idaiall D) ¢ sl E)li cJeall wlge cdeall ((Sull) Shrial (b (AT
g Aty e Lgilelaa o3 il (e ST U 3 Ampagill chariall of Lde Lol Aslie e il Lol L

cgamagl paial 4l s

g:lu@‘gm c-\‘g.uﬂ g Laldl) AEY agaag (OddS Ratio) claa V) L (5) Jdos
Coefficients Odds Ratios Lower Limits Upper Limits

Age (>60) 2.252 1.317 3.883
Address 1.059 0.466 2.404
Job 1.34 0.607 2.97

BMI 0.92 0.878 0.963
Smoking 6.177 1.697 29.679
Sun Exposure 0.422 0.231 0.757
Pregnancy (>5) 1.921 1.191 3.118
Menopause 2 6.626 3.484 12.859
Menopause 3 3.881 2.063 7.414
Contraceptive 0.728 0.435 1.215
Fracture 4.45 2.156 9.678
Family History 1.776 0.569 5.796
Steroids 1.983 0.716 5.797
Milk 2 0.671 0.317 1.406
Milk 3 0.118 0.012 0.807
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Beverages 2 2.573 1.345 5.022

Beverages 3 3.644 1.081 15.047

o) (Jaall (Sull ¢ yanll) @hariall (e IS ge Lyl Aafiye alhiall Aalaa (e LlaY) Lllaal o) (5) dsaad) e
Lalaa (mper AlaY) Adlaal 08 iy (Al g sdall cdadid) Lisa¥ls compall gl ¢ ol ¢l e cJanl)
i) ol @y ae . (Gulsd) Gyl cdendl gilse cpaedl) 2B Gyl (BMI) @yl e IS e e dagye alael)
Loy Laldl) Z& s o GsS) @lldy age e il 3 sS (Andiadl Lgd1 cpmpall ol cdaall pilse cand) ()

Slae paca dafg aaell Chiacan Gl Yl
el e Al cilyaanall lasil dly i DA e elldg aaaiadl adll jlaatV) #dgall i Ladd culal) 138 & &

b3 sl zhgad ol 3 celld aay LAl o8 (8 Diaiuss Daitie ey Llaiul) e o Lﬁ;i el ) abigat 8 adiaall
Nadaiia Lo Thuaia ojlsiely ulid 1) abigat ae lldg Dlaia) e e Zmpcagil) chariall lasiY s

Ala psitia g LAt juta of Lol aseiall GBAl) Jlasi¥) g dgall 1(6) Jsin

Variables Coefficients Estimates Std. Error t value p value
Intercept Bo -1.782 0.420 -4.245 0.000
Age (>60) B -0.273 0.122 -2.242 0.026
Address By -0.180 0.182 -0.992 0.322
Job B 0.047 0.179 0.263 0.793
BMI Ba 0.028 0.010 2.744 0.006
Smoking Bs -0.617 0.238 -2.588 0.010
Sun Exposure Bs 0.271 0.126 2.141 0.033
Pregnancy (>5) B, -0.209 0.109 -1.917 0.056
Menopause 2 Bs.2 -0.779 0.142 -5.466 0.000
Menopause 3 Bss -0.545 0.144 -3.784 0.000
Contraceptive Bo 0.108 0.116 0.925 0.355
Fracture Bio -0.542 0.145 -3.737 0.000
Family History Bi1 -0.245 0.254 -0.965 0.335
Steroids B2 -0.211 0.211 -0.999 0.318
Milk 2 Bi32 0.085 0.167 0.510 0.611
Milk 3 Bias 0.594 0.421 1.411 0.159
Beverages 2 Biaz -0.391 0.142 -2.75 0.006
Beverages 3 Bias -0.608 0.234 -2.598 0.010

2 b @ Lads Das hate Vool Jlie) vie saeid) sl Sl z3sel alles lysie moag el (6) Jsaal)
sl (Gl s cGuadl) Ardl ol BMI ) el cul€ Gua L el clelas Ligine e Cagigll b Lol
cdasd) pilge cdaall igall (oSl (lsic) Clpstal) colS Ly Lol Lilie o 550 L (o) Lsiee (Alad) iy ydal)
hall Z3sadl Wy ellyy allall dilia o il Ll aly Lsine s (Qulall Cpd cdladid) LV cpasal) sl

L daxtiall
e (oS e g Llai¥) gt of JLdel asial) add) jlaaiy) g isad) o(7) Jsss

Variables Coefficients Estimates Std. Error t value p value
Intercept Bo 2.301 0.282 8.145 0.000
Age (>60) B 0.247 0.083 2.966 0.003
Address B 0.013 0.125 0.101 0.920
Job B3 -0.094 0.123 -0.763 0.446
BMI Ba -0.023 0.007 -3.234 0.001
Smoking Bs 0.422 0.163 2.586 0.010
Sun Exposure Be -0.262 0.087 -3.034 0.003
Pregnancy (>5) B, 0.19 0.075 2.55 0.011
Menopause 2 Bs. 0.592 0.098 6.068 0.000
Menopause 3 Bss 0.441 0.099 4.474 0.000
Contraceptive B -0.076 0.08 -0.95 0.343
Fracture Bio 0.419 0.099 4.223 0.000
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Family History Bi1 0.207 0.174 1.191 0.235
Steroids Biz 0.146 0.144 1.014 0.311
Milk 2 Bis2 -0.113 0.114 -0.991 0.322
Milk 3 P13 -0.526 0.288 -1.824 0.069
Beverages 2 Biaz 0.258 0.097 2.653 0.008
Beverages 3 Bias 0.317 0.16 1.982 0.048

Deiie ¥ B0 pte e Dol Al of il sie saxiall sl jlaaiy) 235 alles cilytie mangs el (7) Jand)
cpall BMI ¢ yeall) chial) cil€ G o last¥) e lalas digine e Cagigll b jlaa) =il 2 o) 5 Loadly . ladadie LS
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Statistical Analysis of Ordinal Response Variable: A Comparative Study
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Abstract

Response variables in biological phenomena vary between three types: numerical response variables,
ordinal categorical response variables, and nominal categorical response variables. In statistical studies,
handling ordinal variables varies in accordance with the perspective of the statistical approach to the
response variable. Ordinal variables can be adopted as hominal categorical variables, which neglect the
ordinal property of the categories. Ordinal variables can also be treated.
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as an ordinal categorical variable (discrete variable), in which case the ranking information can be
utilized in establishing the predicted models. In this study, the most important statistical methods that
can be used to analyze data with an ordinal response variable have been investigated. Among these
methods are the Multiple Regression Method, and The Ordinal Logistic Regression Method. The
mechanism of building models and parameter estimations were theoretically exhibited, as well as
reading the statistical significance of the regression coefficients in all the models in the study. The
application was carried out on a real sample of patients with osteoporosis. Where multiple models were
built to determine the most important factors affecting the likelihood of developing the disease. The
best model was diagnosed according to the Akaike Information Criterion (AIC) and the Bayesian
Information Criterion (BIC). The results of the statistical analysis demonstrated the superiority of the
ordinal logistic regression model over the multiple linear regression model in its explanation of the
relationship between the response variable and the covariates.

Keywords: Ordinal Response Variable, Multiple Regression, Ordinal Logistic Regression, Categorical
Variables.
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