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Methods

Cohort descriptions

The Hong Kong Diabetes Register (HKDR) study

The Hong Kong Diabetes Register (HKDR) baseline study ran from 1995 to 2007 and
consists of >10,000 patients with diabetes (1). It was established as a quality
improvement program and the study of outcomes for Chinese patients with diabetes at
the Prince of Wales Hospital in Hong Kong, which serves a population of over 1.2
million. These patients were referred from hospital-based specialty clinics, community
clinics, and general practitioners. The Register consecutively enrolled patients with
diabetes who were referred to the Diabetes Mellitus and Endocrine Centre for
comprehensive assessment of diabetic complications and metabolic control. Type 2
Diabetes (T2D) was diagnosed according to the 1998 World Health Organization
(WHO) criteria. Patients with type 1 diabetes, with acute ketotic presentation, or
patients with self-reported non-Chinese or unknown nationality, or missing data on the
type of diabetes, or those who had continuous requirement of insulin within one year
of diagnosis were excluded. In addition to detailed collection of clinical information
and comprehensive assessment of diabetes complications at baseline according to the
EURODIAB protocol, participants attended regular repeat diabetes complication
assessment. Additional information on hospitalisation, new diagnoses, prescription, and

biochemical investigations are available and captured for further definition of endpoints



as described in detail in the next section.

The Hong Kong Diabetes Biobank (HKDB)

The Hong Kong Diabetes Biobank (HKDB) was established as a multi-center diabetes
registry and biobank for large-scale replication of genetic and epigenetic markers

identified in the project since 2014 (http://www.hongkongdiabetesbiobank.org/, 31%

December 2019). It recruited subjects through 11 participating diabetes centers and
three renal units at major public hospitals across Hong Kong. Subjects with T2D
undergoing routine diabetes complication screening assessment were invited for
recruitment into the Biobank. Similar methods and criteria were used for the
recruitment in HKDB as in HKDR. Patients with type 1 diabetes, with acute ketotic
presentation, or patients with self-reported non-Chinese or unknown nationality, or
missing data on the type of diabetes, or those who had continuous requirement of insulin
within one year of diagnosis were excluded. To date, more than 22,000 participants
have been recruited into HKDB and more than 15,000 participants have genotype data.
Definitions of diabetes complications

The definitions of diabetes complications in HKDR and HKDB were based on the
International Classification of Diseases, Ninth Revision (ICD-9). The status of
albuminuria in participants from HKDR and HKDB was defined by two consecutive
ACR > 3 mg/mmol with three months apart. End-stage renal disease (ESRD) is
determined if one of the following criteria is met: (1) eGFR<15 (acute kidney failure
excluded): A. for history of ESRD before baseline, the eGFR at baseline or the latest

eGFR before baseline <15; B. for new event, 2 eGFR<15 separated by 90-365 days; (2)


http://www.hongkongdiabetesbiobank.org/

haemodialysis dialysis with diagnosis of CKD or renal failure, (3) peritoneal dialysis,
(4) transplant of kidney, (5) complications of transplanted kidney, (6) persons with a
condition influencing their health status; organ or tissue replaced by transplant (kidney).
According to KDIGO 2024 Clinical Practice Guideline for the Evaluation and
Management of Chronic Kidney Disease (2), CKD is defined as (1) ESRD, (2)
eGFR<60 but excluding acute kidney failure: A. for history, the eGFR at baseline or the
latest eGFR before baseline <60; B. for new event, 2 eGFR<60 separated by 90-365
days. Coronary heart disease (CHD) is defined as: (1) acute myocardial infarction, (2)
other acute and subacute forms of ischemic heart disease, (3) old myocardial infarction,
and (4) angina pectoris and other forms of chronic ischemic heart disease. Stroke is
defined as: (1) subarachnoid hemorrhage, (2) intracerebral hemorrhage, (3) other and
unspecified intracranial hemorrhage, (4) occlusion and stenosis of precerebral arteries,
(5) occlusion of cerebral arteries, (6) acute, but ill-defined, cerebrovascular disease (7)
other and ill-defined cerebrovascular disease, and (8) late effects of cerebrovascular
disease. Peripheral vascular disease (PVD) is defined as: (1) diabetes with peripheral
circulatory disorders, (2) gangrene, (3) peripheral angiopathy in diseases classified
elsewhere, (4) peripheral vascular disease, unspecified, (5) other peripheral vascular
shunt or bypass; insertion of non-drug-eluting peripheral vessel stent(s), and (6)
amputation of lower limb but discharges with a traumatic amputation diagnosis code
(895-897) were excluded. The composite endpoint of Cardiovascular disease (CVD) is
defined as a composite end point as CHD, stroke and PVD. Heart failure (HF) is defined

as hospitalisation with heart failure.



Genotyping, quality control and imputation

As the reviewer points out, HKDR was additionally genotyped by exome array. The
full name of genotype array is Infinium Omni2.5Exome-8§ v1.3
(https://emea.illumina.com/library-prep-array-kit-selector/kits-and-
arrays’humanomni25exome-8 §8-sample.html). The Infinium Omni2.5Exome-8
BeadChip combines >2.5 million tag SNPs from the HapMap and 1000 Genome Project
(>2.5% MAF) with >240,000 markers from the Infinium Exome-24 BeadChip. If
additionally combining exome array could reduce the missingness of exome SNPs for
psPRSs, the ratio of exome SNPs in missing SNPs in HKDR should be lower than that
in HKDB-P1 and HKDB-P2. As ESM Table 2 and 3 show below, the reason why some
missing SNPs cannot find proxy SNPs in 1000 Genome Project is due to (1) the missing
SNP is monoallelic in East Asian population, or (2) there is no SNP in high LD (r>>0.8)
with the missing SNP. We did functional annotation on these missing SNPs using
FUMA [17] and dbSNP from NCBI (https://www.ncbi.nlm.nih.gov/snp/) to find out
their category (Exome, Intron, Intergenic or others). We found that the ratio of Exome
SNPs in missing SNPs in HKDR is similar to that in HKDB-P1 and HKDB-P2 for both

hard- and soft-clustering psPRSs. Therefore, it suggests that additionally combining

exome array may not bring significant improvement when calculating PRS in our study.

ESM Table 2. Number of missing SNPs without proxy SNPs in hard-clustering psPRSs

Total Exome Intron Intergenic

HKDR 147 14 (10%) 84 (57%) 37 (25%)
HKDB-P1 164 11 (7%) 97 (59%) 46 (28%)
HKDB-P2 197 14 (7%) 107 (54%) 59 (30%)




ESM Table 3. Number of missing SNPs without proxy SNPs in soft-clustering psPRSs

Total Exome Intron Intergenic
HKDR 1 0 1 (100%) 0
HKDB-P1 10 0 8 (80%) 0
HKDB-P2 2 0 2 (100%) 0
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ESM Fig. 1. Pearson correlations between hard-clustering and soft-clustering psPRSs

in the meta-analysis of over 18,000 patients from HKDR and HKDB.



Age at diagnosis

PRS (per SD) SNPs (n) Beta 95% ClI p value
ALP Negative 4 .- -0.30 (-0.48,-0.12) 0.0010*
Beta Cell 1 53 - -066 (-0.83,-0.49) <0.0001*
Beta Cell 2 31 - -0.49 (-0.66,-0.32) <0.0001*
Bilirubin - -0.10 (-0.27,0.07)  0.2507
Cholesterol 5 - -0.12 (-0.29,0.05) 0.1601
Hyper Insulin 33 —-— -0.23 (-0.42,-0.04) 0.0178
Lipodystrophy 1 33 - -0.39 (-0.56, -0.22) <0.0001*
Lipodystrophy 2 20 . -0.44 (-0.67,-0.2) 0.0003*
Liver-Lipid 5 - -0.20 (-0.37,-0.03) 0.0211*
Obesity 42 - -0.59 (-0.76,-0.42) <0.0001*
Proinsulin 9 .- -0.07 (-0.24,0.1) 0.4011
SHBGLPA O "1 015 (002,032) 00816
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ESM Fig. 2. Associations between soft-clustering psPRSs and age at diagnosis with
T2D in the meta-analysis of over 18,000 patients from HKDR and HKDB. Betas were

adjusted for sex and top 4 PCs. One asterisk (*) indicates Bonferroni corrected p <0.05.
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young-onset diabetes (<40 years)

PRS (per SD) OR
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ESM Fig. 3. Associations between hard-clustering psPRSs and total T2D PRS, and

young-onset diabetes with T2D in the meta-analysis of over 18,000 patients from

HKDR and HKDB. Odds ratio (OR) were adjusted for age, sex, T2D duration and top

4 PCs. One asterisk (*) indicates Bonferroni corrected p < 0.05.
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young-onset diabetes (<40 years)

PRS (per SD) OR 95% CI p value
ALP Negative 1.03 —— (0.99,1.08) 0.1804
Beta Cell 1 1.13 - (1.09, 1.17) <0.0001*
Beta Cell 2 1.06 - (1.02,1.1) 0.0012*
Bilirubin 1.00 - (0.96,1.04) 0.9812
Cholesterol 1.02 - (0.99,1.06) 0.2355
Hyper Insulin ~ 1.04 - (1, 1.09) 0.0533
Lipodystrophy 1 1.06 - (1.02,1.1)  0.0025*
Lipodystrophy 2 1.07 —a— (1.01,1.13) 0.0141*
Liver-Lipid 1.04 - (1.01,1.08) 0.0217*
Obesity 1.09 - (1.05, 1.13) <0.0001*
Proinsulin 1.00 - (0.96, 1.05) 0.9690
SHBG-LpA 088 = (094,101) 01817
[ | |
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ESM Fig. 4. Associations between soft-clustering psPRSs and young-onset diabetes in
the meta-analysis of over 18,000 patients from HKDR and HKDB. Odds ratio (OR)
were adjusted for age, sex, T2D duration and top 4 PCs. One asterisk (*) indicates

Bonferroni corrected p < 0.05.
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ESM Fig. 5. Associations between soft-clustering psPRSs and baseline clinical
variables in the meta-analysis of over 18,000 patients from HKDR and HKDB. Age,
sex, duration of T2D and top 4 PCs were adjusted. The colorbar indicates the z-score

of the regression coefficient. One asterisk (*) indicates Bonferroni corrected p < 0.05.
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clinical requirement of insulin treatment

PRS (per SD) HR
ALP Negative 1.01

Beta Cell 1 1.04
Beta Cell 2 0.99
Bilirubin 1.00
Cholesterol 1.00

Hyper Insulin 1.00
Lipodystrophy 1  0.98
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Liver-Lipid 1.05
Obesity 1.04
Proinsulin 1.01
SHBG-LpA 1.02

95% Cl
(0.98, 1.05)
(1,1.08)
(0.95, 1.03)
(0.97, 1.04)
(0.95, 1.06)
(0.94, 1.07)
(0.91, 1.05)
(0.89, 1.06)
(1.02, 1.09)
(0.99, 1.1)
(0.97, 1.05)
(0.96, 1.09)

p value
0.5486
0.0600
0.5991
0.9748
0.9182
0.9425
0.4953
0.4866
0.0059
0.1220
0.6039
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HR (95% CI)

insulin initiation
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ESM Fig. 6. Prospective associations between soft-clustering psPRSs and clinical

requirement of insulin treatment and insulin initiation in HKDR and HKDB. Age, sex,

duration of T2D and top 4 PCs were adjusted. One asterisk (*) indicates Bonferroni

corrected p < 0.05. The error bars indicate 95% CI (confidence interval). For the

numbers of progressors and non-progressors of each outcome, please see the ESM

Table 1.
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chronic kidney disease

PRS (per SD) HR 95% ClI p value
Beta cell+PI 0.98 —— (0.94,1.02) 0.2533
Beta cell-PI 0.94 - (0.91,0.98) 0.0016*
Body fat 0.97 —— (0.93, 1) 0.0675
Residual glycaemic 0.99 - (0.95,1.04) 0.7349
Lipodystrophy 1.03 —a— (0.99,1.07) 0.1053
Liver/lipid metabolism 1.01 —— (0.95,1.07) 0.8043
Metabolic syndrome  1.02 —— (0.98,1.05) 0.4118
Obesity 1.05 - (1.01,1.09) 0.0111
Total 098 —=—  (093,103) 04260
0‘8 1| 1I2

HR (95% Cl)

ESM Fig. 7. Prospective associations between hard-clustering psPRSs and total T2D
PRS, and chronic kidney disease in HKDR and HKDB. Age, sex, duration of T2D and
top 4 PCs were adjusted. One asterisk (*) indicates Bonferroni corrected p < 0.05. The
error bars indicate 95% CI (confidence interval). For the numbers of progressors and

non-progressors of each outcome, please see ESM Table 1.
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albuminuria

PRS (per SD) HR
ALP Negative 1.02

Beta Cell 1 0.99
Beta Cell 2 0.98
Bilirubin 1.01
Cholesterol 1.02

Hyper Insulin 0.98
Lipodystrophy 1 1.01
Lipodystrophy 2 1.03

Liver-Lipid 0.96
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end-stage renal disease

chronic kidney disease

PRS (per SD)
ALP Negative
Beta Cell 1
Beta Cell 2
Bilirubin
Cholesterol
Hyper Insulin
Lipodystrophy 1
Lipodystrophy 2
Liver-Lipid
Obesity
Proinsulin
SHBG-LpA

HR
1.00
0.99
0.99
1.04
1.00
1.03
1.00
1.01
1.02
1.05
1.00

95% CI
(0.93, 1.04)
0.9, 1)
(0.92,1.02)
(0.95, 1.06)
(1.01,1.13)
(0.96, 1.07)
(0.94, 1.11)
(0.98, 1.09)
(0.88, 1.02)
(0.86, 1.17)
(0.93, 1.03)

p value
0.5404
0.0578
0.2074
0.9992
0.0192
0.5660
0.6097
0.2064
0.1707
0.9611
0.4755

p value PRS (per SD) HR
0.2537 ALP Negative ~ 0.98 ——
0.5126 Beta Cell 1 0.95 —e—
0.1528 Beta Cell 2 0.97 ——
0.5846 Bilirubin 1.00 ——
0.4105 Cholesterol 1.07 ——
0.4817 Hyper Insulin 1.02 —r—
0.6415 Lipodystrophy 1 1.02 ——
0.1859 Lipodystrophy 2 1.04 -
0.0293 Liver-Lipid 0.95 ——
0.0007* Obesity 1.00
0.0528 Proinsulin 0.98 —
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—— (0.95,1.02) 0.5293
—a— (1,1.08) 0.0273
—a— (0.95, 1.06) 0.8816
——t (1,1.07)  0.0801
—— (0.97,1.04) 0.8026
—-— (0.98, 1.05) 0.4943
—r—t (0.96,1.07) 0.5754
—— (1.01,1.1)  0.0249
—— (0.95, 1.04) 0.8446
______________________________ T (095,108 06975
[ T 1
0.8 1 1.2
HR (95% CI)

ESM Fig. 8. Prospective associations between soft-clustering psPRSs and albuminuria,

end-stage renal disease and chronic kidney disease in HKDR and HKDB. Age, sex,

duration of T2D and top 4 PCs were adjusted. One asterisk (*) indicates Bonferroni

corrected p < 0.05. The error bars indicate 95% CI (confidence interval). For the

numbers of progressors and non-progressors of each outcome, please see ESM Table 1.
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ischemic stroke

PRS (per SD) HR 95% Cl  p value
Beta cell+PI 0.96 - (0.88, 1.05) 0.3520
Beta cell-PI 0.97 —a— (0.89, 1.06) 0.4836
Body fat 0.95 — (0.87,1.03) 0.2247
Residual glycaemic 0.99 —a— (0.91,1.08) 0.7734
Lipodystrophy 0.97 —a— (0.89,1.06) 0.4716
Liver/lipid metabolism 0.99 - (0.91,1.07) 0.7481
Metabolic syndrome  0.99 ' & i (0.8,1.21) 0.8950
Obesity 1.10 —— (1.01,1.2) 0.0236
Total 095 —=— (087,103 02373
0I7 1‘ 1‘3

HR (95% CI)

ESM Fig. 9. Prospective associations between hard-clustering psPRSs and total T2D
PRS, and ischemic stroke in HKDR and HKDB. Age, sex, duration of T2D and top 4
PCs were adjusted. One asterisk (*) indicates Bonferroni corrected p < 0.05. The error
bars indicate 95% CI (confidence interval). For the numbers of progressors and non-

progressors of each outcome, please see ESM Table 1.
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coronary heart disease
PRS (perSD) HR
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ESM Fig. 10. Prospective associations between soft-clustering psPRSs and incident

coronary heart disease, ischemic stroke, cardiovascular disease, atrial fibrillation and

heart failure in HKDR and HKDB. Age, sex, duration of T2D and top 4 PCs were
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adjusted. One asterisk (*) indicates Bonferroni corrected p < 0.05. The error bars
indicate 95% CI (confidence interval). For the numbers of progressors and non-

progressors of each outcome, please see ESM Table 1.
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