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1. Ethics statements:

a.

UK Biobank Ethics statement: Under the application number 1602 we used
data from the UK Biobank (UKB) database resource which includes medical
and phenotypic data of recruited participants on the NHS patient registers of
people aged 40-69 years (DOI: 10.1371/journal.pone.0075362). Ethical
approval was given by the National Research Ethics Service Committee North
West—-Haydock (DOI: 10.1038/s41467-018-03242-8), and all participants gave
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written informed consent. All procedures were in accordance with the

Declaration of Helsinki.

. Finngen/THL DF 10 Ethics statement: Patients and control subjects in

FinnGen provided informed consent for biobank research, based on the Finnish
Biobank Act. Alternatively, separate research cohorts, collected prior the
Finnish Biobank Act came into effect (in September 2013) and start of FinnGen
(August 2017), were collected based on study-specific consents and later
transferred to the Finnish biobanks after approval by Fimea (Finnish Medicines
Agency), the National Supervisory Authority for Welfare and Health.
Recruitment protocols followed the biobank protocols approved by Fimea. The
Coordinating Ethics Committee of the Hospital District of Helsinki and
Uusimaa (HUS) statement number for the FinnGen study is Nr HUS/990/2017.

The FinnGen study is approved by Finnish Institute for Health and Welfare
(permit  numbers:  THL/2031/6.02.00/2017,  THL/1101/5.05.00/2017,
THL/341/6.02.00/2018, THL/2222/6.02.00/2018, THL/283/6.02.00/2019,
THL/1721/5.05.00/2019 and THL/1524/5.05.00/2020), Digital and population
data service agency (permit numbers: VRK43431/2017-3, VRK/6909/2018-3,
VRK/4415/2019-3), the Social Insurance Institution (permit numbers:
KELA58/522/2017, KELA 131/522/2018, KELA 70/522/2019, KELA
98/522/2019, KELA 134/522/2019, KELA 138/522/2019, KELA 2/522/2020,
KELA 16/522/2020), Findata permit numbers THL/2364/14.02/2020,
THL/4055/14.06.00/2020, THL/3433/14.06.00/2020, THL/4432/14.06/2020,
THL/5189/14.06/2020, THL/5894/14.06.00/2020, THL/6619/14.06.00/2020,
THL/209/14.06.00/2021, THL/688/14.06.00/2021, THL/1284/14.06.00/2021,
THL/1965/14.06.00/2021, THL/5546/14.02.00/2020,
THL/2658/14.06.00/2021, THL/4235/14.06.00/2021, Statistics Finland (permit
numbers: TK-53-1041-17 and TK/143/07.03.00/2020 (earlier TK-53-90-20)
TK/1735/07.03.00/2021, TK/3112/07.03.00/2021) and Finnish Registry for

Kidney Diseases permission/extract from the meeting minutes on 4™"July 2019.

The Biobank Access Decisions for FinnGen samples and data utilized in
FinnGen Data Freeze 10 include: THL Biobank BB2017_55, BB2017_111,



149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182

BB2018_19, BB 2018 34,BB_2018 67, BB2018_71, BB2019_7, BB2019 8,
BB2019 26, BB2020 1, BB2021 65, Finnish Red Cross Blood Service
Biobank 7.12.2017, Helsinki Biobank HUS/359/2017, HUS/248/2020,
HUS/150/2022 § 12, §13, 8§14, 815, 8§16, §17, 818, and §23, Auria Biobank
AB17-5154 and amendment #1 (August 17 2020) and amendments BB_2021-
0140, BB_2021-0156 (August 26 2021, Feb 2 2022), BB _2021-0169,
BB_2021-0179, BB_2021-0161, AB20-5926 and amendment #1 (April 23
2020)and it’s modification (Sep 22 2021), Biobank Borealis of Northern
Finland_2017_1013, 2021 5010, 2021_5018, 2021 5015, 2021_5023,
2021 5017, 2022 6001, Biobank of Eastern Finland 1186/2018 and
amendment 22 § /2020, 538/2021, 138/2022, 148/2022, 158/2022, Finnish
Clinical Biobank Tampere MHO0004 and amendments (21.02.2020 &
06.10.2020), §8/2021, §9/2022, §10/2022, 812/2022, §20/2022, §21/2022,
§22/2022, 823/2022, Central Finland Biobank 1-2017, and Terveystalo Biobank
STB 2018001 and amendment 251" Aug 2020, Finnish Hematological Registry
and Clinical Biobank decision 18™ June 2021, Arctic biobank P0844:
ARC 2021 1001.

CHSS Ethics statement: The Ethics Committee for Human Research at Hospital
Clinic de Barcelona approved the study protocol on the 24" of march of 2021
(HCB/2020/1051) in the context of the EU project: ERAPERMED2019-108 -
TRAJECTOME. All the data were handled in compliance with the General Data
Protection Regulation 2016/679 on data protection and privacy for all
individuals within the European Union. The study was conducted in conformity
with the Helsinki Declaration (Stronghold Version, Brazil, October 2013) and
in accordance with the protocol and the relevant legal requirements (Biomedical
Research Act 14/2007 of 3 July).

. SHIP Ethics statement: The study followed the recommendations of the

Declaration of Helsinki. The medical ethics committee of the University of
Greifswald approved the study protocol, and oral and written informed consents

were obtained from each of the study participants.
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2. Supplementary Figures for results section Dynamic Bayesian network

analysis reveals seven MDD-related multimorbidity clusters
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Figure S1.1. The temporal trajectories of the MDD-associated multimorbidity burden in the discovery cohorts
(UKB, THL, CHSS). Boxes correspond to clusters. Colored lines denote the trajectories of randomly sampled
individuals in each cluster, and the red lines denote the mean trajectories. Top: The trajectories according to all
discovery cohorts as a function of the cumulative time intervals. Bottom: The trajectories according to each
discovery cohort as a function of the first time interval and the difference between the subsequent consecutive
time intervals. Cumulative time intervals 1: 0-20 years, 2: 0-40 years, 3: 0-60 years, 4: 0-70 years.
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Figure S1.2. The average onset ages of the consensual diseases according to the seven clusters in the UKB.
Average onsets are weighted by the cluster membership probabilities of each participant. The nodes’ color
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284 Figure S5.7. Distribution of MDD-related cluster membership for Cluster 7 in UKB data (N = 247,325). Raw

285  probability and posterior log-odds.
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305  genome-wide Manhattan plot. Results capped at 10'%° are indicated with red crosses. B. QQ-plot. C. Gene-based

306 genome-wide Manhattan plot. The statistically significant genes are indicated with labels.
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316
317 Figure S7.4. GWAS results for MDD-related Cluster 4 membership in UKB data (N = 247,325). A. SNP-based

318  genome-wide Manhattan plot. Results capped at 10°*° are indicated with red crosses. B. QQ-plot. C. Gene-based
319 genome-wide Manhattan plot. The statistically significant genes are indicated with labels.
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322  Figure S7.5. GWAS results for MDD-related Cluster 5 membership in UKB data (N = 247,325). A. SNP-based

323 genome-wide Manhattan plot. B. QQ-plot. C. Gene-based genome-wide Manhattan plot. The statistically
324  significant genes are indicated with labels.
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Figure S7.6. GWAS results for MDD-related Cluster 6 membership in UKB data (N = 247,325). A. SNP-based
genome-wide Manhattan plot. B. QQ-plot. C. Gene-based genome-wide Manhattan plot. The statistically
significant genes are indicated with labels.
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Figure S7.7. GWAS results for MDD-related Cluster 7 membership in UKB data (N = 247,325). A. SNP-based
genome-wide Manhattan plot. Results capped at 10'° are indicated with red crosses. B. QQ-plot. C. Gene-based

genome-wide Manhattan plot. The top 100 statistically significant genes are indicated with labels.
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Figure S8. Functional overrepresentation analysis of UKB and FinnGen GWAS. Results of overrepresentation analysis based on the g:Profiler method. Each dot represents
a statistically significantly overrepresented Gene Ontology term or KEGG pathway (adjusted p-value < 0.01, based on g:SCS method). The color scales correspond to the
cohorts, red dots indicate UKB results (at the left part of each column), and the blue dots indicate the FinnGen results (shown at the right part of each column). The size of
the dots indicate the strength of the significance, measured by the negative log-transformed p-values.
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Figure S9. Genetic correlation between clusters and the consensual diseases on which the definitions of the
clusters are based. Only those diseases are shown for which at least one cluster showed a statistically significant
genetic correlation. p-values were adjusted using Benjamini-Hochberg method. Significant genetic correlations
are indicated with dots. The GWAS of the cluster memberships and all diseases were performed on the UKB
cohort using the same covariates and filtering procedure (see online Methods).
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Figure S11.1. Functional modules of the human interactome in Cluster 1 that are pleiotropic with MDD. Top: Pleiotropic functional modules. Gray nodes were used as
evidences in a network propagation algorithm used to score all genes in the STRING PPI network. The size of the nodes indicate the propagated score. Nodes with red

border are statistically significant according to the GWAS of Cluster 1. Modules of the top scoring genes were identified, and those modules are shown in which the

propagated effect of MDD-associated genes (shown with red labels, according to a GWAS meta-analysis of Howard et al.) are significantly enriched. Bottom left: The
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360

relative contribution of the top 5 MDD-associated genes to the module. Bottom right: The at most top 5 most relevant statistically significant Gene Ontology terms

361 overrepresented in the module.
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4. Supplementary Figures for results section Modifiable risk-factor profiles of
MDD-related multimorbidity clusters in the UKB cohort
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Figure S12. Complex linear regression models involving available modifiable factors included in the UK
Biobank dataset for each cluster (N = 247,325). The “complex regression model” uses all available risk factors
at once in a single model. The posterior log odds of being in a given cluster serves as the target variable. The
direction of the triangles corresponds to the sign of the coefficient (positive - upwards; negative - downwards)
and the color details the magnitude. The size of the triangles is proportional to the -log1l0 p-value, and only
nominally significant values are shown (-log10p > 4). CRP: C-reactive protein; bp: blood pressure; sex: 1-males,
2-females.
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410 5. Supplementary Figures for results section Validation of MDD-related
411 multimorbidity profiles at the genetic and modifiable risk-factor levels
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414 Figure S13. Pearson correlation pattern of GWAS derived beta values between MDD-related clusters. (A) UK
415 Biobank (N = 247,325); (B) THL (N = 30,961); (C) FinnGen (N = 277,252).
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Figure S14. Results for polygenic risk score (PRS) analysis in THL (N = 30,961). Results of linear regression
analyses between posterior log-odds cluster membership variable and PRS for cluster membership based on
UKB GWAS results for each of the seven clusters. Adjusted for age, sex, cohort, batch, east/west-background.
Estimate and 95% confidence interval displayed.
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Figure S15.1. GWAS results for MDD-related Cluster 1 membership in FinnGen data (N = 277,252). A. SNP-
based genome-wide Manhattan plot. B. QQ-plot. C. Gene-based genome-wide Manhattan plot. The statistically
significant genes are indicated with labels.
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Figure S15.2. GWAS results for MDD-related Cluster 2 membership in FinnGen data (N = 277,252). A. SNP-
based genome-wide Manhattan plot. B. QQ-plot. C. Gene-based genome-wide Manhattan plot. The statistically
significant genes are indicated with labels.
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Figure S15.3. GWAS results for MDD-related Cluster 3 membership in FinnGen data (N = 277,252). A. SNP-
based genome-wide Manhattan plot. B. QQ-plot. C. Gene-based genome-wide Manhattan plot. The statistically
significant genes are indicated with labels.
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437 Figure S15.4. GWAS results for MDD-related Cluster 4 membership in FinnGen data (N = 277,252). A. SNP-
438  based genome-wide Manhattan plot. B. QQ-plot. C. Gene-based genome-wide Manhattan plot. The statistically
439  significant genes are indicated with labels.
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Figure S15.5. GWAS results for MDD-related Cluster 5 membership in FinnGen data (N = 277,252). A. SNP-
based genome-wide Manhattan plot. B. QQ-plot. C. Gene-based genome-wide Manhattan plot. The statistically
significant genes are indicated with labels.
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Figure S15.6. GWAS results for MDD-related Cluster 6 membership in FinnGen data (N = 277,252). A. SNP-
based genome-wide Manhattan plot. B. QQ-plot. C. Gene-based genome-wide Manhattan plot. The statistically
significant genes are indicated with labels.
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452 Figure S15.7. GWAS results for MDD-related Cluster 7 membership in FinnGen data (N = 277,252). A. SNP-
453  based genome-wide Manhattan plot. B. QQ-plot. C. Gene-based genome-wide Manhattan plot. The statistically
454  significant genes are indicated with labels.
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Figure S16. Scatter plot of gene-level aggregated (negative log-transformed) p-values in UKB versus FinnGen.

Gene-level p-values were aggregated with MAGMA. Genes that are significant according to Holm’s method are

indicated with red dots and shown with labels.

48



467
468

469
470
471
472
473
474

475
476

wADADDVVY
Sex TAAN LV -025 &
Education /A A - 0.00 é
S

Income A A A A v v I' -0.25

Smoking (current) A AN v

Body mass index v V A A —logop
Insomnia v v N A 0
A 4
Systolic blood pressure v Vi V A A 8
o A 12
Diastolic blood pressure A A A Y2 PN v A
16
Pulse v, v A 20
C-reactive protein
Sign
Region (east/west) %/ N I PAY A v A+
1 2 3 4 5 6 7 v
Cluster

Figure S17. Complex linear regression models involving available modifiable factors included in the THL data

Iu

for each cluster (N = 23,786). The “complex regression model” uses all available risk factors at once in a single
model. The posterior log odds of being in a given cluster serves as the target variable. The direction of the
triangles corresponds to the sign of the coefficient (positive - upwards; negative - downwards) and the color
details the magnitude. The size of the triangles is proportional to the -logl0 p-value, and only nominally

significant values are shown (-log10p > 4). CRP: C-reactive protein; bp: blood pressure; sex: 1-males, 2-females.
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Figure S18. Four measures that show the performance of the clustering method using only a fraction of all
consensual disease variables from UKB. The green lines show various baseline null models (a totally random
(null) and a uniform cluster assignment). The dark blue line shows how a randomly chosen variable set performs,
and the light blue curve shows how a greedily selected (~optimal) variable set performs. The red dot indicates
the performance of the SHIP variable set. See methods for details. MAE: Mean absolute error, MSE: Mean
squared error.
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Figure S19. Pearson correlation matrix for polygenic risk scores (PRS) in SHIP (N = 1126). PRS were calculated
as described in the online methods and based on MDD-related cluster GWAS from UKB. Correlation between
the PRS revealed the same pattern on the genetic level as has been observed in the other cohorts.
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Figure S20. Simple linear regression models involving modifiable risk factors included in the SHIP dataset for
each cluster (N = 1126). The simple linear regression model involves one factor at a time with age and sex as
covariates for each cluster. The posterior log odds of being in a given cluster serves as the target variable. The
direction of the triangles corresponds to the sign of the coefficient (positive - upwards; negative - downwards)
and the color details the magnitude. The size of the triangles is proportional to the -log10 p-value, and only
values p > 0.05 are shown (-log10p > 1.3). CTQ: childhood trauma questionnaire; sex: 1-males, 2-females.
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