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"�s�  ���`6  �X��� LBW � �� ��	
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��" � 
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	5 ��� 
2� J.�� � ���,l� 
2� I$�)� 
�2��  ��=R (

 � ��) 0�"�	
 95 ��,l�  (��!���� _��! 2 ����* 

��� 0�".  

  
 ����2 .��%& 
 '#(�) *����	 
 ���� �� 
� *&��& 
�� LBW � NBW 

����� ����� ���� ����  

NBW LBW 
(���)  � 4 ± 26 )39-16(  4 ± 25 )38-20( 

�>;3 1��"C �H��� (����) YJ B  ) #;S85(  ) #;S76(  

B#� (����) �;>Z�23�  ) #;S93(  ) #;S76(  

(����) ��C5� ,;>6G  ) #�S�52(  ) #>�60(  

�HI!"  
�"� B�����7 B    ;[��;�± ��;<� \�#-��  #A3��D- ]8��D    ;[��;�± ��;<� \�#-��  #A3��D- ]8��D  

 �	!�;$ ,;^�<$  

)MET-hours(  

��  ���� �"� B 11 ± 18 54-0 8 ± 14 36-6 

 �� ���� W"� B 11 ± 17 56-1 10±16 47-5 

 �� ���� W5� B 11 ± 16 48-0 10 ±15 34-0 

 _;`^56;^ �;��  

)Linoleic acid(W#H) ( 

��  ���� �"� B 12 ± 13 45-0 7 ± 10 6-2 

 �� ����  BW"� 12 ± 14 43-1 6 ± 12 27-2 

 �� ���� W5� B 10 ± 14 40-1 8 ± 12 36-1 

) _;^"� �;��Olic acid (

(W#H) 

��  ���� �"� B 11 ± 22 61-3 10 ± 23 45-6 

 �� ���� W"� B 11 ± 26 68-8 13 ± 24 65-10 

 �� ���� W5� B 11 ± 29 63-8 11 ± 24 64-1 

  ;���!"3B (W#H)  ��  ���� �"� B 9 ± 20 56-1 7 ± 20 37-8 

 �� ���� W"� B 9 ± 22 51-4 10 ± 24 46-8 

 �� ���� W5� B 27 ± 24 66-3 11 ± 28 57-12 

  ;���!"1B (W#H)  ��  ���� �"� B 1 ± 2 8-0 1 ± 2 3-1 

 �� ���� W"� B 1 ± 2 4-0 1 ± 2 3-1 

 �� ���� W5� B 1 ± 2 4-0 1 ± 2 4-1 

) B"�Zinc(W#H) ( ��  ���� �"� B 5 ± 7 35-1 3 ± 6 13-2 

 �� ���� W"� B 6 ± 8 32-0 6 ± 8 31-3 

 �� ���� W5� B 16 ± 10 40-1 6 ± 10 26-3 

(W#H) a;>�3 ��  ���� �"� B 408 ± 840 2409-80 370 ± 769 1924-220 

 �� ���� W"� B 421 ± 960 2824-128 348 ± 835 1866-330  

 �� ���� W5� B 380 ± 932 2421-96 347 ± 935 1862-400 

(W#H) a!�� ��  ���� �"� B 1550 ± 2747 8660-156 1571 ± 2878 6674-425 

 �� ���� W"� B 1652 ± 3019 8410-342 1544 ± 3114 7254-1002 

 �� ���� W5� B 1651 ± 2942 9736-308 1776 ± 3400 7229-115 

LBW: Low birth weight; NBW: Normal birth weight 
MET-hours :���
$� _�
.�N�  �
% ��
� �2� �
.3�� P�G  7�� ��  �
.3 	
���� ��� ��  
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 � ! �����
 �������  � 5�6�&� �� ��7"34# 

  �	��� 

 !� �"�  

 �����(�$��)  (�$��) &�'	()  (�$��) &*�  (�$��) &+$  

kNN 00/90  67/96  63/90  33/93  

PNN  33/93  33/73  67/91  33/83  

ANFC (SCG)  00/80  00/80  00/80  00/80  

ANFC (LHs) 00/100  66/66  00/100  33/83  

kNN: k-Nearest neighbors; PNN: Probabilistic neural network; ANFC (SCG) : Adaptive neuro-fuzzy classifier (scaled 

conjugate gradient); ANFC (LHs ): Adaptive neuro-fuzzy classifier  (linguistic hedges)  
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Abstract 
Background: Birth weight is probably the most important factor affecting neonatal mortality and 
morbidity. Compared with normal weight infants, low-birth-weight (LBW) infants may be more at 
risk for many health problems. The prediction of low birth weight is important as it may cause mental 
and physical health problems in childhood and adulthood. We assessed a computer-aided diagnosis 
system to classify infants to low or normal birth weight categories.  

Methods: In the present study, the association between the low birth weight and the intake of about 40 
types of macro- and micronutrients during the first (1st Tr), second (2nd Tr.) and third (3rd Tr.) 
trimesters was assessed based on demographic and reproductive characteristics, physical activity and 
nutrients intake in pregnant women. The dataset used in this study contained 526 pregnant women 
with 95 input features. The used classifiers were k-Nearest Neighbors (kNN), Probabilistic Neural 
Network (PNN), and two Adaptive Neuro-Fuzzy Classifiers (ANFC-SCG: Scaled Conjugate Gradient, 
ANFC-LHs: Linguistic Hedges). Also, sequential feature selection (FS) was applied on the low birth 
weight risk factors to reduce the feature space. 

Findings: The accuracy of the classifiers kNN, PNN, ANFC-SCG and ANFC-LHs were 48%, 50%, 
50% and 50% without feature selection and 93%, 83%, 80% and 83% with feature selection, 
respectively. 

Conclusion: Among the tested classifiers, the statistical power and type I error (α) of the best 
configuration (FS-kNN; k = 3) were 96% and 0.10 in the Leave-One-Out validation framework, 
showing that the proposed diagnosis system is clinically reliable. Also, using Leave-One-Out cross-
validation, the guarding against Type III error was granted. 

Keywords: Computer-aided medical diagnosis, Leave-one-out cross validation, Low birth weight, 
Sequential feature selection 
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