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GI6>97H�C:�GHI8M	�"=J9B�H<9�8=::9F9B79�=B�H<9�GI6>97H�C:�GHI8M��H<9�EI9GH=CBG�HC�
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G=B;@9� ;9B9H=7� J5F=5BH�� K<=@9� EI5BH=H5H=J9� ;9B9H=7G� 5GG9GG9G� H<9� G=N9� C:� H<9�
F9@5H=CBG<=D� 69HK99B� ;9B9H=7� J5F=56=@=HM� 5ACB;� =B8=J=8I5@G� 5B8� D<9BCHMD=7�
J5F=56=@=HM	��=::9F9BH� G7=9BH=:=7�EI9GH=CBG� F9EI=F9�8=::9F9BH� GHI8M�IB=HG��69=B;�
:5A=@=9G�5B8�DCDI@5H=CBG�=B�(9B89@=5B�5B8�EI5BH=H5H=J9�;9B9H=7G��F9GD97H=J9@M	�

 Mendelian genetics Quantitative genetics 

Factors determining 
phenotype  

Single gene Multiple genes, non-
genetic factors 

Factors underlying 
phenotypic similarity 

Genes  Genes, shared 
environment 

Scientific question What are the causal 
gene and the inheritance 
pattern? 

What is the contribution of 
genetic variability among 
individuals to phenotypic 
variability? 

Subject of study Phenotypic similarity Phenotypic variability 

Unit of study Pedigree  Population, pedigree  

Examples Sickle cell anemia, color 
blindness 

Height, weight 
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2<=@9� 6CH<� (9B89@=5B� 5B8� EI5BH=H5H=J9� ;9B9H=7G� 5=A� HC� 7CBHF=6IH9� HC� H<9�
IB89FGH5B8=B;�C:� D<9BCHMD=7� =B<9F=H5B79�� H<9M�8=::9F� =B� H<9� GI6>97H� C:� GHI8M�
�/56@9���	�$B�(9B89@=5B�;9B9H=7G��5�G=B;@9�;9B9�69=B;�75IG9�:CF�H<9�D<9BCHMD=7�
J5@I9�7F95H9G� =B8=J=8I5@G�75FFM=B;� H<9�G5A9�;9B9H=7�J5F=5BH�<5J=B;� H<9�G5A9�
7<5F57H9F=GH=7�� H<9F9:CF9�� D<9BCHMD=7� G=A=@5F=HM� =G� H<9� GI6>97H� C:� GHI8M	� $B�
EI5BH=H5H=J9� ;9B9H=7G�� AI@H=:57HCF=5@� 5B8� 7CAD@9L� 9H=C@C;M� C:� D<9BCHMD9G�
F9GI@HG� =B� DCDI@5H=CB� J5F=56=@=HM�� H<IG�� D<9BCHMD=7� J5F=56=@=HM� 6975A9� H<9�
GI6>97H�C:�GHI8M	�"=J9B�H<9�8=::9F9B79�=B�H<9�GI6>97H�C:�GHI8M��H<9�EI9GH=CBG�HC�
69�5BGK9F98� =B� H<CG9�:=9@8G�5F9�8=::9F9BH	� $B�(9B89@=5B�;9B9H=7G�� H<9�5=A�=G��
CB79�H<9�75IG5@�;9B9�=G�=89BH=:=98��HC�89H9FA=B9�H<9�=B<9F=H5B79�D5HH9FB�C:�H<9�
G=B;@9� ;9B9H=7� J5F=5BH�� K<=@9� EI5BH=H5H=J9� ;9B9H=7G� 5GG9GG9G� H<9� G=N9� C:� H<9�
F9@5H=CBG<=D� 69HK99B� ;9B9H=7� J5F=56=@=HM� 5ACB;� =B8=J=8I5@G� 5B8� D<9BCHMD=7�
J5F=56=@=HM	��=::9F9BH� G7=9BH=:=7�EI9GH=CBG� F9EI=F9�8=::9F9BH� GHI8M�IB=HG��69=B;�
:5A=@=9G�5B8�DCDI@5H=CBG�=B�(9B89@=5B�5B8�EI5BH=H5H=J9�;9B9H=7G��F9GD97H=J9@M	�

 Mendelian genetics Quantitative genetics 

Factors determining 
phenotype  

Single gene Multiple genes, non-
genetic factors 

Factors underlying 
phenotypic similarity 

Genes  Genes, shared 
environment 

Scientific question What are the causal 
gene and the inheritance 
pattern? 

What is the contribution of 
genetic variability among 
individuals to phenotypic 
variability? 

Subject of study Phenotypic similarity Phenotypic variability 

Unit of study Pedigree  Population, pedigree  

Examples Sickle cell anemia, color 
blindness 

Height, weight 
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F97C;B=N9� H<9�;9B9H=7�65G=G�C:� H<9�D<9BCHMD=7�J5F=56=@=HM��	�*B9�C:� H<9�A5=B�
A95GIF9G� =B� EI5BH=H5H=J9� ;9B9H=7G� =G� H<9� <9F=H56=@=HM� 9GH=A5H9	�#9F=H56=@=HM� =G�
89:=B98�5G�5�F5H=C�C:�588=H=J9�J5F=5B79�HC�D<9BCHMD=7�J5F=5B79�5B8�=G�=BH9FDF9H98�
5G�H<9�9LH9BH�HC�K<=7<�HF5BGA=HH98�D5F9BH5@�;9B9G�89H9FA=B9�H<9�D<9BCHMD9�C:�
H<9=F�7<=@8F9B��	�/<9F9:CF9��<9F=H56=@=HM�9GH=A5H9�GIAA5F=N9G� H<9�D<9BCHMD9[G�
89D9B89B79�CB�;9B9H=7G���5B8� =G� =89BH=:=98�5G�5�J5@I56@9� HCC@� =B�8=G95G9� F=G?�
DF98=7H=CB��	��

/<9� <9F=H56=@=HM� 9GH=A5H9� =G� F9HF=9J98� :FCA� H<9� D<9BCHMD=7� G=A=@5F=HM�
69HK99B� F9@5H=J9G	�-9@5H=J9G� 5F9� G=A=@5F� HC�957<�CH<9F�8I9� HC� G<5F98� :57HCFG��
;9B9H=7�5B8�9BJ=FCBA9BH5@	��=::9F9BH�HMD9G�C:�F9@5H=J9G�G<5F9�8=::9F9BH�BIA69FG�
C:� H<CG9�:57HCFG� HC�5�8=::9F9BH�89;F99��5::97H=B;�H<9�9LH9BH� HC�K<=7<�F9@5H=J9G�
F9G9A6@9	� /<9� <9F=H56=@=HM� 9GH=A5H9� =G� C6H5=B98� 65G98� CB� H<9� 5GGIA98�
7CADCG=H=CB�C:�H<9�:57HCFG�577CIBH=B;�:CF�H<9�D<9BCHMD=7�G=A=@5F=HM��!=;IF9���	�
/<9� 7CADCG=H=CB� =G� J5@=8� IB89F� H<9� 5GGIADH=CB� C:� 7CBGH5BH� 9BJ=FCBA9BH5@�
7CB8=H=CBG�� DCDI@5H=CB� 69=B;� =B� #5F8M�29=B69F;� 9EI=@=6F=IA�� 5B8� 588=H=J9�
9::97HG�C:�;9B9G��	��
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;9BCA9�K=89� 5GGC7=5H=CB� ����� 5B5@MG=G� HC� 89H97H� ;9B9H=7� J5F=5BHG� K<9B�
D9F:CFA98�=B�H<CG9�DCDI@5H=CBG	��

$H�<5G�699B�57?BCK@98;98�H<5H�<9F=H56=@=HM�9GH=A5H9G�J5FM�57FCGG�GHI8=9G	�
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DCDI@5H=CB� D5F5A9H9F��	� #9F=H56=@=HM� 9GH=A5H9G� F9:@97H� H<9� ;9B9H=7� 5B8�
9BJ=FCBA9BH5@�J5F=5B79�C:�5�GD97=:=7�DCDI@5H=CB�5H�H<9�GD97=:=7�H=A9	�/<9F9:CF9��
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������� :CF� <9=;<H��� ���� :CF� 5IH=GA���� CF� ���� :CF� G7<=NCD<F9B=5��	� '5F;9�
9GH=A5H9G� ;5J9� DFCA=G9G� :CF� GI779GG:I@� ;9B9H=7� J5F=5BH� 89H97H=CB	�#CK9J9F��
���:=B8=B;G�8C�BCH�577CIBH�:CF�H<9�HCH5@=HM�C:�H<9�<9F=H56=@=HM�9GH=A5H9G	�"��
GHI8=9G� =89BH=:=98� BIA9FCIG� ;9B9H=7� J5F=5BHG� 6IH� K=H<� H=BM� =B8=J=8I5@� CF�
7IAI@5H=J9� 9::97HG�� H<9F9:CF9�� C:� BC� DF98=7H=CB� IG5;9��	� /<5H� 8=GGCB5B79�
69HK99B� H<9� :=B8=B;G� 5B8� 7CB7@IG=CBG� C:� <9F=H56=@=HM� 9GH=A5H9G� 5B8� ;9B9H=7�
5GGC7=5H=CB�:=B8=B;G�<58�DINN@98�G7=9BH=GHG�G=B79�����K<9B�H<9�7CB:@=7H�K5G�
C::=7=5@@M�H9FA98�5G��������������������"�	�

+CGG=6@9�F95GCBG�:CF�H<9�C77IFF9B79�C:�A=GG=B;�<9F=H56=@=HM�5F9�F9@5H98�HC�
H<9�@=A=H5H=CBG�C:����GHI8=9G�	�/<9�F5H=CB5@9�:CF�D9F:CFA=B;����5B5@MG9G�=G�
65G98�CB�H<9�<MDCH<9G=G�CB�H<9�9H=C@C;M�C:�7CAACB�8=G95G9G	��G�:CF�5�G=B;@9�
;9B9� 8=GCF89F�� CB9� G=B;@9� AIH5H=CB� =G� 9BCI;<� :CF� 5� D9FGCB� HC� 89J9@CD� H<9�
8=G95G9�� :CF� 5� 7CAD@9L� 8=G95G9�� =H� K5G� <MDCH<9G=N98� H<5H� AI@H=D@9� ;9B9H=7�
J5F=5BHG�IB89F@=9�H<9�HF5=HG	�#CK9J9F�����5B5@MG9G�6FCI;<H�@9GG�=B:CFA5H=CB�
H<5B�9LD97H98��7CBG9EI9BH@M�EI9GH=CB=B;�H<9�@9;=H=A57M�C:�H<9�<MDCH<9G=G�	�*B�
H<9�CH<9F�<5B8��=H�=G�DCGG=6@9�H<5H�GA5@@�9::97HG�C:�;9B9G�5F9�IB89H97H56@9�=B�H<9�
7IFF9BH@M�5J5=@56@9����85H5G9HG	�!IFH<9FACF9�����GHI8=9G�5F9�BCH�577CIBH=B;�
:CF� H<9� DCGG=6@9� =BH9F57H=CB� 69HK99B� ;9B9G� F9GI@H=B;� =B� 5� @CK9F� J5F=5B79�
9LD@5=B98� H<5B� 7CI@8� 69� 9LD97H98� 65G98� CB� <9F=H56=@=HM� 9GH=A5H9G�	� !=B5@@M��
<9F=H56=@=HM�9GH=A5H9G�A=;<H�69�6=5G98�8I9�HC�BCH�577CIBH=B;�DFCD9F@M�:CF�H<9�
9BJ=FCBA9BH�	�
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F97C;B=N9� H<9�;9B9H=7�65G=G�C:� H<9�D<9BCHMD=7�J5F=56=@=HM��	�*B9�C:� H<9�A5=B�
A95GIF9G� =B� EI5BH=H5H=J9� ;9B9H=7G� =G� H<9� <9F=H56=@=HM� 9GH=A5H9	�#9F=H56=@=HM� =G�
89:=B98�5G�5�F5H=C�C:�588=H=J9�J5F=5B79�HC�D<9BCHMD=7�J5F=5B79�5B8�=G�=BH9FDF9H98�
5G�H<9�9LH9BH�HC�K<=7<�HF5BGA=HH98�D5F9BH5@�;9B9G�89H9FA=B9�H<9�D<9BCHMD9�C:�
H<9=F�7<=@8F9B��	�/<9F9:CF9��<9F=H56=@=HM�9GH=A5H9�GIAA5F=N9G� H<9�D<9BCHMD9[G�
89D9B89B79�CB�;9B9H=7G���5B8� =G� =89BH=:=98�5G�5�J5@I56@9� HCC@� =B�8=G95G9� F=G?�
DF98=7H=CB��	��

/<9� <9F=H56=@=HM� 9GH=A5H9� =G� F9HF=9J98� :FCA� H<9� D<9BCHMD=7� G=A=@5F=HM�
69HK99B� F9@5H=J9G	�-9@5H=J9G� 5F9� G=A=@5F� HC�957<�CH<9F�8I9� HC� G<5F98� :57HCFG��
;9B9H=7�5B8�9BJ=FCBA9BH5@	��=::9F9BH�HMD9G�C:�F9@5H=J9G�G<5F9�8=::9F9BH�BIA69FG�
C:� H<CG9�:57HCFG� HC�5�8=::9F9BH�89;F99��5::97H=B;�H<9�9LH9BH� HC�K<=7<�F9@5H=J9G�
F9G9A6@9	� /<9� <9F=H56=@=HM� 9GH=A5H9� =G� C6H5=B98� 65G98� CB� H<9� 5GGIA98�
7CADCG=H=CB�C:�H<9�:57HCFG�577CIBH=B;�:CF�H<9�D<9BCHMD=7�G=A=@5F=HM��!=;IF9���	�
/<9� 7CADCG=H=CB� =G� J5@=8� IB89F� H<9� 5GGIADH=CB� C:� 7CBGH5BH� 9BJ=FCBA9BH5@�
7CB8=H=CBG�� DCDI@5H=CB� 69=B;� =B� #5F8M�29=B69F;� 9EI=@=6F=IA�� 5B8� 588=H=J9�
9::97HG�C:�;9B9G��	��

�-+96)�	��!-140-*-)(�4)(-+6))�;-8,�1%6/)(�'31437-8-32�3*�*%'8367�92()60=-2+�8,)�
4,)238=4-'�7-1-0%6-8=�&)8;))2�6)0%8-:)7���

/<9�<9F=H56=@=HM�9GH=A5H9��5G�5�F9@5H=J9�J5@I9��F5B;9G�69HK99B���5B8�����	�
$H� <5G� 699B� 5779DH98� H<5H� <=;<� <9F=H56=@=HM� 9GH=A5H9G� 5F9� 5B� =B8=75HCF� C:� H<9�
D<9BCHMD9� C:� 5B� =B8=J=8I5@� 69=B;� 5� ;CC8� DF98=7HCF� C:� H<9� ;9BCHMD9� =B� H<9�
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7IFF9BH�DCDI@5H=CB��	�/<9F9:CF9��5�@CK�<9F=H56=@=HM�9GH=A5H9�8C9G�BCH�9@=A=B5H9�
H<9� =ADCFH5B79� C:� ;9B9G� 6IH� =B8=75H9G� H<5H� 5� GA5@@� DCFH=CB� C:� D<9BCHMD=7�
J5F=5B79� =G� 75IG98�6M�J5F=5H=CB� =B�;9BCHMD9G��	�.I7<�IB89FGH5B8=B;� @958G� HC�
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69HK99B� 6CH<� D5F9BHG� 5B8� H<9=F� C::GDF=B;� 577CF8=B;� HC� H<9� <=;<� ;9B9H=7�
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6M�=BH9F;9B9F5H=CB5@�:57HCFG	�'IB89�9H�5@	����<58�5�8=::9F9BH�D9FGD97H=J9��H<9M�
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7CBG=89F98�H<9�8=::9F9B79�69HK99B�7CFF9@5H=CB�9GH=A5H9G�C:�ACH<9F�7<=@8�5B8�
:5H<9F�7<=@8�D5=FG	�'IB89�9H�5@	����9LD@5=B98�H<5H�<=;<9F�9GH=A5H9G�:CF�ACH<9F�
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:9HIG�CB@M��:9H5@�;9B9H=7G�	�

Studies 
family pairs 

Genetic effects - interpretation Correlation/regression  
estimates 

Wu et al. Lunde et al. Wu et al. Lunde et al. 
Father-child � additive 

genetics 
� fetal genetics 0.03 0.06 

Mother-child � additive 
genetics 

� fetal genetics + � 
maternal genetics 

0.07 0.13 

Full siblings � additive 
genetics + � 
dominance + 
common 
environment 

� fetal genetics + 
maternal genetics + 
common 
environment 

0.25 0.32 

Maternal  
half-siblings 

� additive 
genetics + 
common 
environment 

� fetal genetics + 
maternal genetics + 
common 
environment 

0.03 0.22 

Paternal  
half-siblings 

� additive 
genetics 

Not studied 0.19 Not studied 
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�+(�*!&%�� � �/� &�*�!%���  �(!*��!#!*/� �)*!$�*�)� &�� 	��� �&(� �	��� 	��� �&(�
��)*�*!&%�#��+(�*!&%���#�+#�*���&%�$&* �()� (�)*(!�*��� *&�'(!$!'�(��� �%��	���
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Studied 
family pairs 

Clausson et al. PTD (<37) GA 
Genetic effects Children 

considered 
Correlation estimate 

Children of 
monozygotic 
twin mothers  

additive 
genetics + 
shared 
environment 

1st child Not studied 0.25 
The mean of all 
children 

0.40 0.31 

Children of 
dizygotic 
twin mothers 

� additive 
genetics + 
shared 
environment 

1st child Not studied 0.11 
The mean of all 
children 

0.09 0.13 

  Heritability  
1st child Not studied 0.25 
The mean of all 
children 

0.36 0.31 
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Studies 
family pairs 

Genetic effects - interpretation Correlation/regression  
estimates 

Wu et al. Lunde et al. Wu et al. Lunde et al. 
Father-child � additive 

genetics 
� fetal genetics 0.03 0.06 

Mother-child � additive 
genetics 

� fetal genetics + � 
maternal genetics 

0.07 0.13 

Full siblings � additive 
genetics + � 
dominance + 
common 
environment 

� fetal genetics + 
maternal genetics + 
common 
environment 

0.25 0.32 

Maternal  
half-siblings 

� additive 
genetics + 
common 
environment 

� fetal genetics + 
maternal genetics + 
common 
environment 

0.03 0.22 

Paternal  
half-siblings 

� additive 
genetics 

Not studied 0.19 Not studied 
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Studied 
family pairs 

Clausson et al. PTD (<37) GA 
Genetic effects Children 

considered 
Correlation estimate 

Children of 
monozygotic 
twin mothers  

additive 
genetics + 
shared 
environment 

1st child Not studied 0.25 
The mean of all 
children 

0.40 0.31 

Children of 
dizygotic 
twin mothers 

� additive 
genetics + 
shared 
environment 

1st child Not studied 0.11 
The mean of all 
children 

0.09 0.13 

  Heritability  
1st child Not studied 0.25 
The mean of all 
children 

0.36 0.31 
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Category Specific morbidities (ICD-10)  

Vascular 
issues 

Reduced oxygen and 
nutrient transport to the 
brain and other organs  

Birth asphyxia (P21), other disturbances 
in the cerebral status of the newborn 
(P910–916) 

Bleeding in the brain 
caused by rupture or leak 
of vessels 

Intracranial (non-traumatic) hemorrhage 
of the fetus and newborn 
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Category Specific morbidities (ICD-10)  

Vascular 
issues 

Reduced oxygen and 
nutrient transport to the 
brain and other organs  

Birth asphyxia (P21), other disturbances 
in the cerebral status of the newborn 
(P910–916) 

Bleeding in the brain 
caused by rupture or leak 
of vessels 

Intracranial (non-traumatic) hemorrhage 
of the fetus and newborn 
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Confounders 
Caffeine 
study  

(Paper III) 

Selenium study (Paper IV) 

Categories Specific 
characteristics 

Selenium 
from diet or 
supplements 

Whole-blood 
concentration 

Maternal BMI X X X 

Abnormal vessels 
development in the eye 
leading to blindness 

Retinopathy of prematurity (H351) 

Intestinal diseases Meconium ileus/necrotizing enterocolitis 
(P75, P76, P77, P780, P781) 

Infections Bacterial sepsis in the newborn (P36), 
other infections occurring in the perinatal 
period (P39) 

Respiratory diseases Chronic respiratory disease originating 
in the perinatal period (P27) 

Neonatal death  

�

� ���

Maternal basic 
characteristic 

Maternal 
education X X X 

Household 
income X - - 

Marital status X - - 

Maternal age at 
delivery X X X 

Substance 
abuse 

Smoking during 
pregnancy X X X 

Passive smoking - X X 

Alcohol 
consumption 
during pregnancy 

X - - 

Pregnancy-
related 

Nausea in 22nd 
week of gestation X X - 

Parity X X X 

Planned 
pregnancy X - - 

Baby’s sex X - - 

Diet-related 

Dietary fiber 
intake - X - 

Iodine intake - X - 

Protein intake - X - 

Total energy X X - 

n-3 intake - X - 
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supplements 

Whole-blood 
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development in the eye 
leading to blindness 

Retinopathy of prematurity (H351) 

Intestinal diseases Meconium ileus/necrotizing enterocolitis 
(P75, P76, P77, P780, P781) 

Infections Bacterial sepsis in the newborn (P36), 
other infections occurring in the perinatal 
period (P39) 

Respiratory diseases Chronic respiratory disease originating 
in the perinatal period (P27) 

Neonatal death  
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Maternal basic 
characteristic 

Maternal 
education X X X 

Household 
income X - - 

Marital status X - - 

Maternal age at 
delivery X X X 

Substance 
abuse 

Smoking during 
pregnancy X X X 

Passive smoking - X X 

Alcohol 
consumption 
during pregnancy 

X - - 

Pregnancy-
related 

Nausea in 22nd 
week of gestation X X - 

Parity X X X 

Planned 
pregnancy X - - 

Baby’s sex X - - 

Diet-related 

Dietary fiber 
intake - X - 

Iodine intake - X - 

Protein intake - X - 

Total energy X X - 

n-3 intake - X - 
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Folic acid 
supplementation X - - 

 Other sources of 
the exposure - X - 
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