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Introduction

Multimorbidity:

eSame patient has multiple diagnoses / diseases.
Example: Diabetes and heart disease.

*Majority of costs in health care come from

multimorbid patients
*Clustering of diagnoses could help understand

multimorbidity.
*Better coordination of treatments for different

diseases.



Patient data

Sleep disorders |

Multiple sclerosis

Essential (primary) hypertension
Asthma
Asthma

Malignant neoplasm of thyroid gland

Type 2 diabetes mellitus

Delusional disorders

Cystitis

Other specified and unspecified injuries of neck
Essential (primary) hypertension

Type 2 diabetes mellitus

Alcohol related disorders

Patient Visit Disease code Disease
1234 2009-10-5 G47
1234 2009-12-22 G35
1234 2009-4-28 110
1234 2009-6-12 J45
1234 2009-6-22 J45
1234 2009-7-25 C73
1234 2010-10-11 E1l1
1234 2011-6-10 F22
1234 2010-12-3 N30
1234 2010-4-13 S19
1234 2011-9-7 110
1234 2012-1-7 E1l1
1234 2012-1-10 F10
1234 2013-10-15 K70

Alcoholic liver disease

N = 9149, Total number of patients




Key concepts

search: | sleep disorders

chisqg o/e vy observed expected num(A) num(B) pl(A) p(B) A B
14752 1175 15 1.28 365 32 0.0399 0.0035 G47, Sleep disorders 196, Respiratory failure, not
elsewhere classified
524.34 5.12 158 30.84 773 365 0.0845 0.0399 E664, Overweight and obesity G47, Sleep disorders
28.35 3.93 13 3.31 83 365 0.0091 0.0399 F31, Bipolar disorder G47, Sleep disorders
257.16 3.58 138 38.5 365 965 0.0399 0.1055 |G4?, Sleep disorders | | J45, Asthma |
55.8 334 34 10.17 365 255 00399 00279 GA47, Sleep disorders 444, Other chronic obstructive

N = 9149, Total number of patients
num(A) = Number of patients having diagnosis A

Example: A = Sleep disorders, B = Asthma
num(A) = 365 have Sleep disorders
num(B) = 965 have Asthma

Probability of Sleep disorders, p(A) = 365/9149 = 4%

Probability of asthma, p(B) = 965/9149 = 10%

pulmonary disease



Key concepts: Expected vs.
Observed

search: | sleep disorders

chisqg o/e vy observed expected num(A) num(B) pl(A) p(B) A B
14752 1175 15 1.28 365 32 0.0399 0.0035 G47, Sleep disorders 196, Respiratory failure, not
elsewhere classified
524.34 5.12 158 30.84 773 365 0.0845 0.0399 E664, Overweight and obesity G47, Sleep disorders
28.35 3.93 13 3.31 83 365 0.0091 0.0399 F31, Bipolar disorder G47, Sleep disorders
257.16 3.58 138 38.5 365 965 0.0399 0.1055 |G4?, Sleep disorders | | J45, Asthma |
55.8 334 34 10.17 365 255 00399 00279 GA47, Sleep disorders 444, Other chronic obstructive

pulmonary disease

Assuming statistical independence, expected number of patients with both asthma and

sleep disorders:

expected = p(A) - p(B) N = 10%*4%*9149 = 38

Actual observed number in data:

observed = 138

o/e=observed/expected = 138/38 = 3.6 times higher than expected



weights

(Subgraph of the 237 diagnoses)

Graph of diagnoses
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ODbjective function for clustering

W = sum of weights inside cluster
n = number of pairwise links

f = SUM(W/n) = Average weight inside all clusters

Maximize f using Iterative optimization (work in
progress)



weights

Resulting clusters (2 out of 30)
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Result cluster 2/10

CLUSTER 2

J96 G47 E66 J44 111 J45 F17 E03 F10 F31 187
J96 11.75 9.2513.45 8.75 5.04
G47 1175 5.123.34 215358 208  3.932.57
E66 9.25 5.12 2.69 2.582.372.931.881.562.142.14
J44 [13453.34 2.69 2.2 3.499.21 1.313.46
11 8.75 2.15 2.5822 2.031.98 1.73 2.79
J45 5.04 358 237349 203 15918 1.251.71 1.79
F17 2.939.21 1.981.59 9.23
E03 2.08 1.881.31 1.73 1.8 4.031.93
F10 1.56 3.46 1.259.23
F31 3.93 2.14 171 4.03
187 2.57 2.14 279179 193

[=]

part_Dec18D_cfl.html

J96 Respiratory failure, not elsewhere classified
G47 Sleep disorders

E66 Overweight and obesity

J44 Other chronic obstructive pulmonary disease
[11 Hypertensive heart disease

J45 Asthma

F17 Nicotine dependence

E03 Other hypothyroidism

F10 Alcohol related disorders

F31 Bipolar disorder

[87 Other disorders of veins



Result cluster 3/10

CLUSTER 3

796 H40 H35 H43 H34 HO04 H25
796 749 6.76 93 6.62 5.294.59
H40 7.49 3.67 10.66 8.51
H35 6.76 3.67 10.84 5.21
H43 9.3 10.84
H34 6.62 10.66
H04 5.29 8.51
H25 4.59 5.21

796 Presence of other functional implants
H40 Glaucoma

H35 Other retinal disorders

H43 Disorders of vitreous body

H34 Retinal vascular occlusions

HO04 Disorders of lacrimal system

H25 Age-related cataract



Result cluster 1/10

CLUSTER 1

I35
I35
795 3.55
I50 3.65
148 2.42
125 1.93
170 1.99
N18 1.88
M10 1.97

136 1502

134 10.0
121
144 2.53
142
K57 2.17
171 4.12
163
169 1.63
FO1
149

795 150 148 125 170 N18 M10 136 134 121 144 142 K57 171 163 169 FO1 149

3.553.652.421.93 1.99 1.88 1.97 [1547210.0

2.832.283.352.281.66 2.17
3.5 2452.594.133.66
1.78 1.8 2.162.4 6.0

2.83
22835
3352451.78
22825918 2.08
1.664.132.162.042.4
2.173.662.4 1.841.634.87
6.0 251

3.864.143.78 2.13
3.093.14 1.61 3.553.38 3.37
6.53 3.16 2.07 1.92 1.89
3.524592341391.3 3.55
1.93 1.89 1.62 1.78 1.49 2.53 2.37
3.03 1.662.27 3.19
1.591.78 2.38 1.95 2.32 2.47
1.741.792.2 1.691.932.01 1.31

2.651.991.71 1.51
5.28 1.853.29 1.87

24 1.63
4.87

2.53

2.174.12
3.86 3.09 6.53 3.521.93 3.03 1.59 1.74
4.143.143.16 4.59 1.89

1.63

5.28

1.78 1.79 2.65 1.85

3.781.612.072.341.62 1.662.382.2

33818913

3.37

1.521.53

2.53

3.552.37

1.57

2.472.01
1.31

1.52
1.53

1.57

7.056.14

7.05
6.14 4.6
1.82

1.99 3.29

4.6

2.082.041.84 251 2.133551921.391.782.271951.691.71 1.87
1.493.192.32 1.93 1.51

1.82

I35
795
150
148
125
170
NI8

Nonrheumatic aortic valve disorders
Presence of cardiac and vascular...
Heart failure

Atrial fibrillation and flutter
Chronic 1schemic heart disease
Atherosclerosis

Chronic kidney disease (CKD)

M10 Gout

136
134
121
144
142
K57
I71
163
169
FO1
149

Nonrheumatic tricuspid valve disorders
Nonrheumatic mitral valve disorders
Acute myocardial infarction
Atrioventricular and left bundle-br...
Cardiomyopathy

Diverticular disease of intestine
Aortic aneurysm and dissection
Cerebral infarction

Sequelae of cerebrovascular disease
Vascular dementia

Other cardiac arrhythmias



Conclusions

e Currently different diagnoses are treated separately

e Treating a related diseases together can be more cost
effective

 In training new doctors, could optimize skill sets based
on how diagnoses are connected
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