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Comorbidity

The simultaneous presence of 2 or more 
morbid conditions or diseases in the 
same patient.
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Genetic Studies
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Genetic Studies
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Outline

• Comorbidity of Psychiatric Disorders 
 A Century Ago
 As We Are Speaking
• Association Analysis of Multivariate Traits
• Data Analysis of Alcoholism
• Closing Comments and Acknowledgements
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Correlated Phenotypes
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Smoking 

1.  How many cigarettes a day do you usually smoke?
1 to 10
11 to 20

0 point
1 point

21 to 30
30 or more

2 points
3 points

2. How soon after you wake up do you smoke your first cigarette?

After 60 minutes
31- 60 minutes

0 point
1 point

6 - 30 minutes
< 5 minutes

2 points
3 points

3.  Do you smoke more during the first two hours of the day than during the rest of the day?

No 0 point Yes 1 point

4. Which cigarette would you most hate to give up?

Any other cigarette than the first 
one

0 point The first cigarette in the 
morning

1 point

5. Do you find it difficult to refrain from smoking in places where it is forbidden, such as 
public buildings, on airplanes or at work?

No 0 point Yes 1 point

6. Do you still smoke even when you are so ill that you are in bed most of the day?

No 0 point Yes 1 point

Total points

Fagerstrom Test for Nicotine Dependence (FTND)
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Smoking and Comorbidity 

Subclinical syndromes (e.g., minor 
depression and heavy drinking) 
probably influence smoking initiation 
and cessation more because they are 
so much more prevalent. In prospective 
studies, comorbidity predicts smoking 
and smoking predicts comorbidity 
(Hughes J R 1999)



Nicotine Extraneous Variable

Smoking

Drinking

Comorbidity

Comorbid psychiatric disorders are common and their 
determinants are multi-factorial.
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Nuclear Families

… …

n families

siblings insiblings 1n siblings nn



Although we do not observe the causal relationship 
between the genotypes and traits or among the traits, 
we generate the data from 40 directed acyclic graphs 
(DAGs). 

G

1Y

2Y

3Y

An arrow between any two elements points to a causal 
relationship

Graphical Structures for Simulation Models



DAGs 1‐20



DAGs 21‐40
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Kendall’s Tau

Kendall’s Tau: a non‐parametric statistic measuring the 
strength of the relationship between two variables
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Association Test

A vector of traits T  (T (1),...,T ( p ))'and 
a vector of markers M  (M (1),...,M (G ))'.



Association Test

.any trait)(or trait 
ordinalan for function sign  or the it,binary traor 

vequantitati afor function identity   thebecan  where

 ))()((Let  11
1 '-TT,...,f-TTfu (p)

j
(p)

ip
)(

j
)(

iij 

(G))'C-(G)C(1),...,C-(1)(CLet    jijiijv

C is a function of marker M such as the count of 
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Association Test
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Association Test
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Simulation Study‐Model Setting

0 of  value takes riumdisequilib linkage oft coefficien the 

0.11 of  value takes riumdisequilib linkage oft coefficien the 

Nominal type I error comparison

Power evaluation

Given the genotype at the trait locus, a non-proportional odds 
model is used to generate ordinal phenotype data and a 
Gaussian distributed model is used for quantitative phenotype



Type I error comparison
alpha = 0.05 alpha = 0.01 alpha = 0.001

#(family) K O-FBAT FBAT O-FBAT FBAT O-FBAT FBAT

200 3 0.043 0.044 0.009 0.009 0.001 0.001

4 0.049 0.051 0.008 0.007 0.001 0.001

5 0.059 0.062 0.013 0.01 <0.001 <0.001

6 0.047 0.043 0.005 0.005 <0.001 <0.001

400 3 0.049 0.051 0.012 0.009 0.002 0.002

4 0.055 0.054 0.009 0.011 0.001 0.001

5 0.042 0.041 0.006 0.006 0.001 0.002

6 0.045 0.045 0.006 0.008 0.001 0.001

600 3 0.036 0.038 0.006 0.006 <0.001 <0.001

4 0.054 0.055 0.013 0.010 0.001 0.001

5 0.061 0.055 0.005 0.009 0.001 <0.001

6 0.038 0.038 0.006 0.007 <0.001 <0.001



Power Comparison
alpha = 0.05 alpha = 0.01 alpha = 0.001

#(family) K O-FBAT FBAT O-FBAT FBAT O-FBAT FBAT

200 3 0.783 0.778 0.553 0.541 0.261 0.249

4 0.732 0.702 0.492 0.456 0.213 0.184

5 0.760 0.672 0.541 0.429 0.277 0.193

6 0.504 0.403 0.266 0.184 0.076 0.042

400 3 0.980 0.982 0.922 0.916 0.757 0.752

4 0.961 0.946 0.882 0.857 0.664 0.627

5 0.978 0.949 0.914 0.839 0.757 0.604

6 0.792 0.664 0.584 0.437 0.328 0.203

600 3 0.999 0.999 0.989 0.991 0.958 0.954

4 0.996 0.988 0.978 0.970 0.920 0.885

5 0.999 0.990 0.987 0.957 0.935 0.837

6 0.947 0.859 0.826 0.658 0.582 0.379



Collaborative Studies on Genetics 
of Alcoholism (COGA)

• In United States, 12.5% of Adults has ever had 
alcohol dependence problem in their life time (Hasin, 
et al, 2007)

• A large scale, multi‐center study to map alcohol 
dependence susceptible genes. 

• 143 families with 1614 individuals. 4720 SNPs from 
Illumina genotype data set.

• One ordinal trait with 4 levels was recorded (pure 
unaffected, never drank, unaffected with some 
symptoms, and affected). 

• FBAT was also used for comparison
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Application for COGA Data

• Phenotypes:
– Alcohol DX‐DSM3R+Feighner (ALDX1)

• 4 categories 

– Maximum number of drinks in a 24 hour period 
(MaxDrink)

• 4 categories

– Spent so much time drinking, had little time for 
anything else (TimeDrink)

• 3 categories



Single trait analysis

D7S679 with p-value 0.002879 for ALDX1 > 0.000538 = 0.05/(3*31)



Multiple traits analysis
P-value is 0.000553 < 0.0016129 = 0.05/31 at marker 
D7S679, which is around 1 cM away from D7S1793 that 
has been reported to have linkage evidence.
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Closing Comments

• Genetic studies of mental diseases involve many 
challenges: some are clinical, some are 
statistical, and some are scientific.

• We attempt to deal with an important issue on 
comorbidity and demonstrate the benefit to 
analyze comorbidity in genetic studie.
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