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Strategy Considerations in Genome Cohort Construction in Korea
Joohon Sung, Sung-il Cho"
Department of Preventive Medicine, Kangwon National University College of Medicine,
Department of Epidemiology, Seoul National University School of Public Health”

Focusing on complex diseases of public health Given that response rate to the conventional re-contact
significance, strategic issues regarding the on-going method may not be satisfactory, successful follow-up is the
Korean Genome Cohort were reviewed: target size and main key to the achievement of the Korean Genome
diseases, measurements, study design issues, and follow- Cohort. Access to the central database such as National
up strategy of the cohort. Considering the epidemiologic Health Insurance data can provide enormous potential for
characteristics of Korean population as well as strengths near-complete case detection. Efforts to build consensus
and drawbacks of current research environment, we tried to amongst scientists from broad fields and stakeholders are
tailor the experience of other existing cohorts into crucial to unleash the centralized database as well as to
proposals for this Korean study. Currently 100,000 refine the commitment of this national project.
individuals have been participating the new Genome Cohort
in Korea. Target size of de novo collection is recommended J Prev Med Public Health 2007;40(2):95-101
to be set as between 300,000 to 500,000. This target size
would allow acceptable power to detect genetic and Key words : Cohort studies; Human genome; Genetic
environmental factors of moderate effect size and possible predisposition to disease; National Health
interactions between them. Family units and/or special Insurance, Republic of Korea; Follow-up
subgroups are recommended to parallel main body of adult studies; Biological specimen banks
individuals to increase the overall efficiency of the study.
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Table 1. Estimated disease prevalence (per 1,000 persons per year), incidence (per 100,000 persons
per year) and mortality (per 100,000 persons per year) rates of major disease groups
according to the disease classification of global burden of disease study

Prevalence Incidence Mortality
Disease group
Men Women Men Women Men  Women
Stomach cancer 12 07 48.1 260 235 185
Colon and rectum cancers 06 05 209 146 9.1 82
Liver cancer 08 02 349 10.1 31 86
Pancreas cancer 01 0.1 6.1 40 83 59
Trachea, bronchus and lung cancers 06 02 317 112 29 135
Breast cancer 00 09 01 258 0 33
Cervix uteri cancer 0 06 0 175 0 46
Prostate cancer 0.1 0 46 0 35 0
Lymphoma and multiple myeloma 0.1 0.1 52 33 3 23
Leukaemia 0.1 01 39 28 33 3
Alcohol abuse 09 0.1 371 37 4.1 05
Schizophrenia 22 19 489 41.0 02 02
Unipolar major depression 13 28 493 954 0 0
Bipolar disorder 04 04 107 11.0 0 0
Dementia and degenerative CNS disorder 03 05 130 26 6.6 23
Epilepsy 24 18 579 429 0.7 05
Parkinson disease 03 04 6.8 97 1.3 08
Glaucoma 11 12 256 250 0 0
Cataracts 1.5 24 539 734 0 0
Diabetes mellitus 11.2 112 1813 1489 22 255
Ischemic heart disease 23 17 63.6 458 247 224
CVA (cerebrovascular attack) 36 35 1257 1335 61.7 869
COPD (chronic obstructive pulmonary disorder) 75 71 2158 2095 124 92
Asthma 109 93 2120 2439 63 105
Peptic ulcer disease 165 195 4706 4571 23 1
Cirrhosis of the liver 36 08 1026 20.1 322 77
Reumatoid arthritis 0.7 28 184 62.1 03 1
Osteoarthritis 2.8 115 742 2254 0 02
Congenital Anomalies 0.5 03 283 156 03 02
o FAH B I AREC) 34 9Tk [ SRl ofn] 20049
& 4G WgE Ao I Y AYAER7L F4o] Hol st 9
Al “F3BY(epidemic)” O]9, et FFOE FAA ZIE FHEAY S XY
olelg A5 ] AalE H1H 3w Aek 712l S AR viske
ol 2917 $AAQ Q) BFel it F E ATHEA ol FAS 2, AA oF 107
FHQ Aol BeHoleke Aol AE  ofgo) o2k HoiAkE S Agoln)
oA e AoR BT[] FAS A It G SRR A o
An 3Fudd FYEHE P ST AR FHLAE 19 1ES F
T Y EAe g2 oR ofg] 94 2R, &2 45 #A, A7l
ol AU e fAEY Aol Sl ABH AFE ANES
ol A stAA S dist w7 digke.  ofEA AN AR Y YFR 0T G
2, 99 vetel s dvt e £ A A A7} 59 A ob 2 HA
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FE 208 ARG, AEldT @A o] ATeIHE AN f4A) 23
EAA &3 2440 ANAEE 95 Eo dE =Yl U 12 A,
¢} UK Biobank (7], 4+22] Biobank Japan  --2uetell X AjEA 25 21 = F4
[8], leeland 2179] 30%1 o] 2= AFEES] A 2 EQ AgAQ] meAtES A4
FAAY AR, ARYRE F5  HEL IITES Zno) #AF

deCODEA}) Iceland Biobank (9] 52©] o
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Table 2. Estimated number of cases and power to detect the smallest effect size(as relative risk, RR), according to the different target cohort size, by the
incidence rates, etiologic factors (genetic or environmental), and follow-up duration (5 year and 10 year follow-up). adapted from Manolio et al

Cohort size of 200,000 Cohort size of 500,000 Cohort size of 1,000,000
Detectable Effect Size (RR) Detectable Effect Size (RR) Detectable Effect Size (RR)
Disease examples #of cases #of cases #of cases
G? Ef GxE? Gt 24 GxE' Gt Ef GxE'
Follow-up duration (years) Follow-up duration (years) Follow-up duration (years)
5 0t 5 10 5 10 5 10 5 0 5 10 5 10 5 10 5 0t 5 10 5 10 5 10
10 Pakinson  Bipolar 91 201 40 27 50 33 >10>10 228 54 25 18 30 23 >10 65 457 1010 18 17 25 18 67 37
disease, disorder
schizophrenia
50 Colorectal  Stomach 456 1008 19 19 25 20 70 40 1141 252217 14 18 17 35 24 2282 50315 13 15 14 25 20
cancer,renal  cancer,
failure myocardial
infarction
100 Breastcancer, Stroke 912 2016 15 14 18 17 40 25 2279 5037 13 13 16 14 25 20 4559 10075 13 13 14 13 20 18
hip fracture
200  Diabetes, Diabetes, 1,820 4022 14 13 16 14 30 22 4550 10056 13 12 14 13 20 18 9100 20111 12 12 13 12 18 16
stroke, heat  asthma
failure
500 Myocardial ~ Allcancers, 4,524 9998 13 13 13 13 20 20 11309 24993 12 11 12 12 17 15 22618 4998 11 11 12 11 15 13
infarction, all ~ peptic ulcers
cancers
3000 Cataracts,  Hypertension 25858 57,146 11 11 12 12 15 17 64644 142863 11 11 11 11 13 12 129280 285729 1.1 11 11 11 13 11
hypertension

*IR - incidence rate per 100,000 person per year  G-genetic effect, E-environmental effect, GXE- gene by environmental interaction effect * aging effect was also considered in calculating the
number of cases Bold figure denotes for acceptable level of detection power, here effect size of 1.3, 1.5 and 2.0 were chosen for genetic, environmental and gene-environmental interaction,

respectively
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Table 3. Type of recruited families and sampling efficiency for typical genetic analyses

Contributions to each analysis Sampling efficiency (per person)
Family unit , Classic . Classic . Remark
Pedigree examples Linkage IBDLinkage =~ TDT Linkace IBDLinkage ~ TDT
Family History 5 0 0 0 ) Cheap, but dependent on the size of family
Affected relative |jt| 0 1 0 0 L 0 Suitable for detected cases in cohort
pairs (sibs or other) 2
. Al 1 .
Trio 0 <2 1 0 <<—3 3 Necessary for the study of young onset diseases
Nuclear Pedigree <4 5 2 <1 5 1 Linkage phase determination can be often
(n=4) 4 2 ambiguous for nuclear families
Large Pedigree 10 20 5 10 20 5 Mostefficient, but most difficult to recruit. often
=7) 7 7 7 linkage phase can be successfully reconstructed.
Largfe pedlglee 8 19 4 Monozygotic twins only contribute heritability
with twin 8 19 4< - - - L
7 7 7 estimation
®=7)
Incomplete large w .
- S T 8 6 47 Power decreases due to incomplete genotype

* Affected relative pairs often suffers from uncertainty of IBD sharing

t Actua! power for IBD-based linkage drops more because parent-offspring pair does not have [BD distribution (i.e., fixed to 0.5)

t Incomplete pedigree may result in severe loss of power, especially when the marker information is not high.
IBD : Identity by descent  TDT : Transmission disequilibrium test
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