Constraints with Respect to the HD Belief Network

After the dependency graph has been, defined in the next step the constraints with respect to the contents of the probability table had to be specified. The main source for deriving the constraints was the disease file itself, as well as information gathered from a meeting with a Huntington disease expert. This section discusses the problems in using the knowledge from these two sources to design GBBN33. 

(C0) “Prior of Huntington disease is between 3/100000 and 7/100000.” In the following

         HD represents the event of becoming HD-phenotypical in the lifetime.”

        0.00003 < P(HD) < 0.00007

(C1) The event r10_35 represents the event  that a person’s CAG-repeats are below 35; that implies that if genetic testing; r10_35 is equivalent to the event of testing negative

for the HD-mutation. 

        “The fact that HD is constrained also constrains the probability for a positive HD-mutation-test (1-r10_35), whose probability should be slightly larger because of the possibility of partial penetrace”:

        (C1a) 0.00003 <= P(HD) < (1-r10_35) 

        (C1b) (1-r10_35) < 0.0001 (higher than 0.00007 because of partial penetrance)

(C2)  “There is no occurrence of the disease with 10-35 CAG repeats”

         P(HD| r10 _35)=0

(C3) “There is a reduced penetrance of HD in the 36-41 range”

        0.87 < P(HD|r36_41) < 0.96

(C4) “There is a strong penetrance of HD in the higher ranges”

       0.96 < P(HD|42_47) < P(HD| r48_120) < 1.0

(C5) The constraints listed here deal with the importance of different symptom groups, namely Chorea and psychiatric disturbances, and abnormalities in cognition.

(C5a) “Chorea is quite suggestive for HD”
0.4 > P(HD |Chorea) > 0.1 

            (C5b) “Psychiatric disturbances have some significance for diagnosing HD”
P(HD |Psy_Dist)    > 0.01

(C5c) “Chorea is significantly more suggestive for HD disease than psychiatric disturbances, and psychiatric disturbances are significantly more suggestive for HD than abnormalities in cognition.”

(C5c1) P(Abn_Cog|not HD) > P(Psy_Dist|not HD) > P(Chorea|not HD) 

(C5c2) P(Chorea|HD) > P(Psy_Dist|HD)

(C5c3) P(HD|Chorea) > 2.2*P(HD|Psy_Dist)

(C5c4) P(HD |Psy_Dist) > 3*P(HD|Abn_Cog)

(C5d) “In diagnosing HD, the evidence of both Psy_Dist and Abn_Cog present is approx. equivalent to the evidence of solely Chorea being present (the product of probability-multipliers of Psy_Dist and Abn_Cog are within [0.65,1.15] of the probability multiplier of Chorea)!”

(C5d1) P(HD|Psy_Dist)/P(HD)*P(HD|Abn_Cog)/P(HD) < 

1.15 P(HD|Chorea) / P(HD)

(C5d2) 0.65 * P(HD|Chorea)/P(HD) < 

P(HD|Psy_Dist)/P(HD) *P(HD|Abn_Cog)/P(HD)

(C6)   “Chorea should occur more frequently than HD.”
          2*P(HD) < P(Chorea) 

(C7) The constraints listed here capture knowledge with respect to the age of onset of HD.

(C7a) “The probability of the age of onset being greater 100 is equivalent to

not becoming HD-symptomatic during lifetime.”

P(Ag-on=100+)=1-P(HD)

(C7b) “25% of patients display first symptoms after the age of 50.” 

0.23.5 <= (P(Ag-on=50-60) + P(Ag-on=60-100)) / P(HD) ) <= 0.265  

(C7c) “The mean age of onset of HD disease symptoms is in the 35-44 range”
38<  (25*P(Ag-on=20-30) + 35*P(Ag-on=30-40) + 45*P(Ag-on=40-50) +  

 55*P(Ag-on=50-60) + 68*P(Age-on=60-100))/P(HD)  < 42  

(C8) The age of onset depends on the number of CAG-repeats: “A higher number of CAG-repeats makes it more likely to become HD-symptomatic at an earlier age.” 

The approach chosen to capture the knowledge in the disease profile adds more states to the variable Pos_Fam_History  in the belief network that represents the fact of having a positive family history with respect to HD. The number of states of the variable were extended from the simple state set {yes, no} to following seven states: 

· Pos_Fam_History=no "no positive family history"

· Pos_Fam_History=ns0_20 "positive family history and symptom free and age 20 or less"

· Pos_Fam_History=ns20_40"positive family history and symptom free and age between 20 and 40”

· Pos_Fam_History=ns40_50 "positive family history and symptom free and age between 40 and 50"

· Pos_Fam_History=ns50_60 "positive family history and symptom free and age between 50 and 60"

· Pos_Fam_History=ns60_ "positive family history and symptom free and at least 60 yearsold"

· Pos_Fam_History=symp "positive family history and not symptom free"

Using this representation framework, we were able to express the following constraints with respect to symptom-free patients with a positive family history (approx. represents approximately equal):
(C9)    The knowledge in Table 3 has been expressed as follows:

           (C9a) 1 -  P(r10_35| Pos_Fam_History=ns0_20)=0.5

           (C9b) 1 -  P(r10_35| Pos_Fam_History=ns20_40) approx 0.47

           (C9c) 1 -  P(r10_35| Pos_Fam_History=ns40_50) approx 0.37

           (C9d) 1 -  P(r10_35| Pos_Fam_History=ns50_60) approx 0.24

           (C9e) 1 -  P(r10_35| Pos_Fam_History=ns60_)     approx 0.11

(C10) “Not having a positive family history makes it less likely to test positive for HD”

           P(r10_35|Pos_Fam_History=no) > P(r10_35)

(C11) “Being symptomatic with positive history makes it less likely to test negative for HD-mutation.”

P (r10_35 |Pos_Fam_History=symp ) < 0.5

