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1 -Single-nucleotide polymorphism
2 -High-dimensional data
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4- Population-based Genetic Association Study
5 -Ankylosing Spondylitis

6- Auto-immune

7- Wild type

8- variant
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1-genetic heterogeneity
2- Tree-based
3- Random Forests
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6 -Variable importance

7- Gini importance index

8 -Permutation importance index
9- Learning sample

10- Out-of-bag

11 -permute
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1- Logit link function

2- Stepwise

3- backward elimination

4 -Akaike information criterion
5- Recursive partitioning
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1- Likelihood Ratio Test
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4- multiple testing

4- multicollinearity

5- P.values

6 -logic regression

7 -Mutivariable Adaptive Regression Splines
8 -over fitting
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2- micro array
3- Genome-Wide association


https://journal.nkums.ac.ir/article-1-253-fa.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-03 ]

O‘)&»ﬁjd)}ifu«

bl By oSG ol sla K LT Y+

Loes)ls 4SS Joe o kS &5 S 9 S5
30 (6 piy Sl Sl e 0 e g leawe 3l eolazwl
3 e bl len b asS o colaiul b ools
bls b xe

NENNCIICES

Slidizg S50 9 Gl (Sbin pole otls 5l akewsiay
wlesS Gty oo ool ol o 1, L o (siliiles,

N

ax o a5 ol lad Sy oolael 68 e 5l solau
slax b Rl K Soosle cS e sl
D] oss o oo Sy 0 1R Sz 955y
S5 Az

olawi a5 gl oo azlee gle cols L a5 b
O el gy e Wl ol e e
RUSTIERGCSRIE El 69y &5 Sl oots Slo i
O gy Sy RF ol plonil Ll (s, (65 Slalllae
Og7med S slo Jae B 5 el (6 55l,LU


https://journal.nkums.ac.ir/article-1-253-fa.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-03 ]

VoV (&S smonts) 5 (gt SLeT aal o3 9) ¥ 61T gubb‘ﬁﬁﬁ(ﬁa@\é@

References

1.Foulkes AS, Applied Statistical Genetics With R For Population-based Association Studies USA,
University of massachusetts School of Public Health Sciences 2009.

2.Cardon LRaBJI, Association Study Designs for Complex Diseases, Nature 2001; 2: p. 91-98.
3.Glazier AM NJAT, Finding genes that underlie complex traits, Science 2002; 298: p. 2345-2349.

4.George EI MR, Variable Selection via Gibbs Sampling, Journal of the American Statistical
Association 1993; 88(423): p. 881-889.

5.0h C YKHQMN, Locating disease genes using Bayesian variable selection with the Haseman-
Elston. BMC Genet 2003; 4(Suppl 1): p. S69.

6.Yi N GVAD, Stochastic search variable selection for identifying multiple quantitative trait loci,
Genetics 2003; 164: p. 1129-1138.

7.Province MA SWRD, Classification methods for confronting heterogeneity, Adv Genet 2001; 42:
p. 273-286.

8.Hastie T TRFJ, The elements of statistical learning : data mining, inference and prediction, In
Springer series in statistics New York , Springer 2001; xvi: p. 533.

9.Breiman L , Classification and regression trees CA, Wadsworth International Groups 1984.
10.Braiman L, Random forests, Machine Learn 2001; 45: p. 5-32.

11.Hosmer Dw LS, Applied Logistic Regression NewY ork, John Wiley & Sons Inc 2000.
12.Genuer R PJIMTC, Random Forest: some methodological insights 2008.

13.R Development Core Team R, A language and environment for statistical computing, R
Foundation for Statistical Computing, Austria 2010.

14. David H,” et al”, Investigating the genetic association between ERAP1 and ankylosing Spondylitis
2009; 18(21): 4204-4212.

15. Schwender, HalK, Identification of SNP interactions using logic regression 2008; 9(1): p. 187-
198.


https://journal.nkums.ac.ir/article-1-253-fa.html

Journal of North Khorasan University of Medical Sciences 2011; 3(Biostatistics & Epidemiology Supplement):102

Random Forests Analysis: A modern statistical method for
screening in high-dimensional studies and its application in
a population-based genetic association study

Noori S *, Nourijelyani K?", Mohammad K3, Niknam MH*, Mahmoudi M®, Andonian L®, Akaberi A’

' PhD student of Biostatistics, Department of Epidemiology and Biostatistics, School of Public Health, Tehran
University of Medical Sciences

Associate professor of Biostatistics, Department of Epidemiology and Biostatistics, School of Public Health,
Tehran University of Medical Sciences

*Professor of Biostatistics, Department of Epidemiology and Biostatistics, School of Public Health, Tehran
University of Medical Sciences

*Associate professor of Immunology, Molecular Immunology center, Tehran University of Medical Sciences
*Rheumatology center and Molecular Immunology center, Tehran University of Medical Sciences

SInstructor of Human Genetics, Department of Epidemiology and Biostatistics, School of Public Health, Tehran
University of Medical Sciences

"Instructor of Biostatisticsn, North Khorasan University of Medical Sciences

*Corresponding Author: Abstract

[ Downloaded from journal.nkums.ac.ir on 2026-07-03 ]

Department of Epidemiology
and Biostatistics, School of
Public Health, Tehran
University of Medical Sciences,
Tehran, Iran

Email: nourik@tums.ac.ir

Background & Objectives: Technology advances in this century, especially,
in molecular generics yields high volume, high dimensional data. This
creates many unprecedented challenges for statisticians who are
responsible for analysis of such data. Although logistic regression method
is quite popular in association analysis in medical researches but it has
some serious limitations in handling high dimensional data. In present
study, our goal is introduce a modern model-free statistical method called

random forest that we believe is able to overcome difficulties of the
classical statistical methods in finding association between predictors and a
trait.

Material & Methods: In this study, the nonparametric random forest
technique was employed to determine the important factors associated with
ankylosing spondylitis (AS) disease. Genetic materials including
information on HLA-B27 status (positive/negative) and 12 polymorphisms
of the ERAP-1 gene were collected on 401 patients and 316 healthy
controls. The data were analyzed both with the logistic regression method
and random forests technique and the results were compared.

Results: Based on a stepwise logistic regression, HLA-B27 and rs28096
polymorphism were significantly associated with the disease. However,
using the random forests technique, we found that HLA-B27 and rs1065407
were the main factors associated with diseases and in fact rs28096
polymorphism becomes the third in importance ranking.

Conclusion: The results from our study indicate some discrepancies
between logistic regression and random forest analyses of high-dimensional
data such as the genetic data that we are dealing here. Although logistic
regression is quite popular, easy to employ, and is a predominant statistical
method among researchers, but it has some serious limitations. On the
other hand, more modern statistical such random forest enjoy a more
methodological sophistication and yield more accurate and reliable results.
Therefore, researchers should be aware of such alternatives and should use
these alternatives accordingly and as situation arise in screening tests
especially in genetic data analyses.

Key words: random forests, High-dimensional data, interaction, logistic
regression, CART
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