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Fig A | Example histology imaging tiles. From left to right. Examples of Adipocyte, non-adipocyte and empty tiles used for initial CNN classifier to propose Regions of Interest (ROIs) of Whole Slide Image (WSI) histology slides.
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Fig B | Examples of classified tiles with Posterior probability [image: ] 0.9. Top row: ‘Adipocyte tiles’, middle: ‘not adipocyte’, bottom: ‘empty’.
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Fig C | Adipocyte U-net performance. From left to right: an out-of-sample adipocyte input tile. Middle: Adiposoft input mask (settings: cell diameter range 20-300[image: ]). Right: Adipocyte U-net predicted mask after Otsu thresholding. The U-net prediction includes cells missed by Adiposoft - highlighted in yellow. Adiposoft counts 45 cells, U-net counts 53 - manual count is 56.















Fig D | Example test tile prediction. From left to right: Input tile, Input mask, Predicted mask and Pixel wise classification results. Predictions highly accurate and recover some cells missed in input mask.[image: ]
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Fig E | 25 random Adipocyte U-net segmentations from the fatDIVA cohort. All segmentations from all cohorts are publicly available through Github.


[image: ]Fig F | Adipocyte measures from an individual in each cohort that had > 1000 cells measured. We randomly sampled 3, 10, 100, 500 and 1,000 cells one hundred times to assess how variability in adipocyte area mean was affected. We determined 500 cells per sample was a suitable number to minimise variance due to subsampling cells.










[image: ]
Fig G | Phenotype- adipocyte size random effects meta-analysis forest plots. A) Depot specific differences in adipocyte size across cohorts. B) Sexual dimorphism in subcutaneous depot adipocyte size across cohorts. C) Sexual dimorphism in visceral depot adipocyte size across cohorts. D) Association with subcutaneous depot adipocyte size and BMI across cohorts. E) Association with visceral depot adipocyte size and BMI across cohorts. F) T2D association with subcutaneous depot adipocyte size. G) T2D association with visceral depot adipocyte size. H) Chronological age association with subcutaneous depot adipocyte size across cohorts. I) Chronological age association with visceral depot adipocyte size across cohorts.



Fig H | Correlation between clinical phenotypes in the MOBB cohort and estimated adipocyte surface area measures. The MOBB cohort contained a large number of covariates related to obesity and cardiometabolic traits. We therefore estimated correlation between adipocyte size and these covariates. In both depots, adipocyte size correlates most strongly with BMI.[image: ]
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Fig I | Example of low adipocyte area variance (top) and High variance (bottom) samples (left) and their corresponding predicted masks (right) - Both Omentum samples.

Fig J | Mean adipocyte area differences between adipose depots and sexes in GTEX and MOBB cohorts. Females have significantly larger adipocytes in subcutaneous fat depots but smaller cells in visceral adipose tissue as compared to males.[image: ]




[image: ]Fig K | Mean adipocyte area estimates for both subcutaneous and visceral adipose depots and their association with sample T2D status in the GTEx cohort. Significant association with adipocyte cell size and T2D in both depots, which isn’t significant after adjusting for BMI.


[image: ]Fig L | Heritability estimates in histology-based phenotypes. We estimated SNP-based heritability using Genome-wide Complex Trait Analysis (GCTA) in cell size mean (mean area) and cell size variance (var. area) derived from histology from both subcutaneous and visceral tissue. Heritability estimates range widely, and larger samples will be necessary to improve the precision of these estimates.
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Fig M | Associations at the KLF14 locus in GTEx samples. (a) GTEx female rs4731702 risk allele (C) carriers have smaller adipocytes as compared to male carriers. (b) GTEx age and BMI restricted analysis show a significant association between rs4731702 and adipocyte size.
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Fig N | Lack of association at the KLF14 locus in ENDOX samples. (a) female rs4731702 risk allele (C) carriers in ENDOX have no discernable difference in adipocyte size as compared to non-risk carriers (T) (CC = 19, TT = 19).
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Fig O: Comparing U-net adipocyte area estimates in the MOBB cohort to those obtained by using a collagenase digestion and then manual measurements.







Supplementary Tables

	Depot
	Sex
	Phenotype
	h2
	SE

	Subcutaneous
	Combined
	Mean cell area
	0.353
	0.384

	
	
	Variance cell area
	0.629
	0.360

	
	Females
	Mean cell area
	0.609
	0.614

	
	
	Variance cell area
	0.785
	0.575

	
	Males
	Mean cell area
	0.347
	0.505

	
	
	Variance cell area
	0.768
	0.494

	Visceral
	Combined
	Mean cell area
	0.224
	0.485

	
	
	Variance cell area
	0.421
	0.509

	
	Females
	Mean cell area
	0.000
	0.854

	
	
	Variance cell area
	0.127
	0.840

	
	Males
	Mean cell area
	0.742
	0.671

	
	
	Variance cell area
	1.000
	0.661



Table A | Heritability estimates for mean cell area and variance of cell area in both subcutaneous and visceral adipose tissue. We used GCTA to estimate heritability in our largest cohort (GTEx). Results indicate that these cell morphology phenotypes are likely heritable. However, the errors are large, indicating that larger samples will be necessary to more accurately estimate heritability in these phenotypes.
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Correlation of clinical covariates with subcutaneous adipocyte morphology

mu_area 0 o0z on
Age 03| oot 017
BMI 031 0z o3
WHR ou
CrP (mg/dl) 025 oo 023 o021 2068

Prealbumin (mg/dl) 021 017 034 014 008

fasting plasma-glucose (mg/dl) 021 0053 007 0022 019

HbAlc
016 01 022 ooss o028
(%)

total cholesterol (mg/dl) 004 019 009 0021 017
LDL-C (mg/dl) 904 011 00046 0028 014 027
6 (mg/d) o8 unumunzs.naus o1
Lipoprotein (a) (nmol/l) 012 0034 0099 08 019 022
Creatinine (mg/dl) 0072 03 018 023 00091 011
urea (mg/dl) om. 0057 0083 014 015
gGT (UA) 021 0019 017 016 008 013
C-Peptide (ng/ml) 011 022 016 022 001 028
TSH (uU/mI) 015 0068 011 026 0088 000073
Thyroxine T4 (ng/dl) 014 014 012 017 00018 0025
Thyroxine T3 (ng/dl) = 03 00020 008 017 017 021
T2D | 03 o00s 028 0038 016 o051
e ® =T o = =
3 H 3 8
598 £ 3 3
2 E E
£ = =
o E
5
2
©
e
a

021

0053

007

0022

019

o028

029

0.002

o038

0082

019

o0s8

018

01

fasting plasma-glucose (mg/dl) . H

016

01

02

0083

[

2.

2

22

2

18

2075

21

2019

.u w18

2

23

o032

01

0039

HbAlc

(%)

total cholesterol (mg/dI)

004

009

0021

018

0,097

0077

5

0046 018 o012
011 0.0064 0094
00046 0.035 0099

oo [G8] o0

014 o008 019

027 013 02
029 0.002
2018 0075

014 0069

5 8 3§
3 3
13
EEE
Q 1Yl —_
Iz FZ
2
= £
2
2
4
g
a
E

ooz oms oz ou
0 .nn)s o2
o018 005 o1 o
o2 o o6 oz
oot o1 aos aos
o o o1 o
oo ooz 019 ooss
0 ume.uzz
oon 018 007 009
on
o
on
o083
o0
on

0063 0,09 023

011 019 003
002 0026

01 0.0084 0082

§ 55 E
2 Egc ¢

= £
g2 2g ¢
S & s
£ 9 32
£ 7 s
3 o
S [¢]

015 014
0068 014
o o
0% o1
0088 00018

000079 0025

018

0032

0077

008

017

022

on

019

003

5

TSH (uU/mi)

021

01

0,061

215

0048

00a5

018

002

002

Thyroxine T4 (ng/dl)

03 03
00029
0058
o017 003
o7 o6
o021

ODSB.

0039

0051

018
oo 013
013 012
01 on
0025 0053
01 014
00084 0038

o082 021

5

=
~
o

Thyroxine T3 (ng/dl)

10

0.8

0.6

0.4

0.2

0.0

Correlation of clinical covariates with visceral adipocyte morphology

mu_area

Age 021

BMI

WHR 033
CrP (mg/dl) 017 oo 02
Prealbumin (mg/di) 00021 021 036
fasting plasma-glucose (mg/dl) 0065 0037 012
Hb‘(‘ﬂ/lf' oo om0
total cholesterol (mg/dl) ©27 019 012
LDL-C (mg/dl) 912 0052 .08
TG (mg/di) 0034 013 0083
Lipoprotein (a) (nmol/l) 016 0043 025
Creatinine (mg/dl) 0094 03 009

gGT (U/l) 017 000083 021
C-Peptide (ng/ml) 013 0034 02
TSH (uU/ml) 0075 0037 0026
Thyroxine T4 (ng/dl) 0079 015 o014
Thyroxine T3 (ng/dI) 0089 003 00086
T2D oz oo | 03
® o =
it 3

2

E

028

0061

023

02

028

02

023

024

on

0082

027

032

019

019

WHR

0017

02

028

o088

0036

o078

02

ooss

0038

00s2

00034

o

CrP (mg/dl)

00021

021

036

028

o

0034

018

02

218

0028

0021

fasting plasma-glucose (mg/dl) . g

Prealbumin (mg/d)) &

0.061

0065

0097

012

023

015

om

023

007

014

0035

0039

o1

o

0048

o1

024

02

016

03

218

2038

0029

0025

02

0039

012

0062

HbAlc
(%)

02

019

012

028

02

013

0016

015

0043

0089

0097

-0.068

0.018

5

total cholesterol (mg/dI)

o2

o052

2.086

02

o088

028

on

03

o018

0092

0076

0085

o

0026

o1

0059

5

LDL-C (mgy/dl)

0034 016 0.094.00009 017

0 . o0 a3

0098 015

013
013 0043

0063 025 021 02

023

oo .

o

08 026 om 0042 027

0078 02 o0ss 003

003 018 018 02 018

023 007 014 0035 0039

0038 0029 0.025 02

013 0016 015

0092 0076

0025

o1 on ooss 018
o1z oo oon
o ass oz
o025 018 oon 0z
028 | 0029 o076 013 0052
0047 021 018 003 00078 0019
a2 002 om o5 0w
015 a0es o0s2 003 03
5 3 8 % S E
5 2 5 8 2 §
E £ E E g £
= 3 5 & 3
g s g2 8 b1
s 5 s
s 3 @
z 3 !
I S o
]
g
2
5

2075

0037

0026

0042

0028

on

0039

0029

0076

o1

o052

o

Gmg.

0072 0025

TSH (uU/mi)

2079

015

014 00088

019

00034

2021

024

012

0,068

07

0047

021

018

0032

00078

2019

Thyroxine T4 (ng/dl)

0.08

003

019

017

027

ﬂm‘.

0062

0.018

0059

0072

002

o1

0,056

017

0019

Thyroxine T3 (ng/dl)

oz

0021

028

014

0088

018

o

o1

015

0044

2092

0039

03

20m2

0025

=
~
o

10

0.2

0.0




image11.png




image12.png
7000

6000

u
=3
S
S

4000

Mean Adipocyte Area (um?)
5 S 8
8 8 8

o

MOBB cohort

GTEX cohort

- XX
= XY

subcutaneous

Adipose Depot

visceral

5000

4000

3000

2000

1000

= XX

subcutaneous

visceral

Adipose Depot





image13.png
12000

10000

8000

6000

4000

Mean Adipocyte Area (um)

2000

Subcutaneous

Visceral

Mean Adipocyte Area (um)

12000

10000

®
3
3
3

@
3
3
3

8
8

N
S
3
3

case T2D
T2D status

case

T2D
T2D status





image14.png
Visceral depot

Subcutaneous depot

(VLOD) erewnse Y pesed-dNs

Histology-derived cell phenotype




image15.png
Mean adipocyte area (um?)

KLF14 - rs4731702

KLF14 - 54731702

§
i

-

T
L

731702





image16.png
KLF14 - rs4731702

3000

2500

(qwrl) ea1e 314o0dipe ueal

K

500

o«

154731702




image17.png
Total floating adipocyte fraction mean

15000

10000

um

5000

2000

Subcutaneous Visceral

15000

-
o
o
o
o

5000

Total floating adipocyte fraction mean
pm?

0
3000 4000 5000 6000 1000 2000 3000 4000 5000
U-net estimated adipocyte mean U-net estimated adipocyte mean
pm? pm?
Subcutaneous & Visceral
15000

Total floating adipocyte fraction mean

-
o
o
o
o

pm?

)]
o
o
o

1000 2000 3000 4000 5000 6000

U-net estimated adipocyte mean
pm?

Depot [ [pessonk_Jpvaiie
< | @ oa oo





image1.png




image2.png
GTEX-15DCD

GTEX-130W5 GTEX-1F525 GTEX-145MH

0 — T 0 ST B 0 T
200 004, 007
00 {. 400 400
600 600 { 7 600 _‘,
¢ o/
800 800 8004/ ,f
4 %
BN !
\ { { \ / i
000 44 el el T L e B - 1000 —~ T r T T — — 4 1000 4 }‘ é\‘.‘ T T r
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
GTEX-1C475 GTEX-139TU GTEX-ZF3C GTEX-XK95
0 — [ - i -
z & y
200 | N
.l
400 P
600 -
800
A ( \
1000 T - T - T T 1000 7v T ‘| '.v T
0 200 400 €00 800 1000 0 200 400 €00 800 1000 0 200 400 600 800 1000 0 200 400 600 800 100
o GTEX-15DYW o GTEX-1B996 o GTEX-11UD2 o GTEX-11220 o GTEX-ZLWG
200 200 200 200 200
400 400 400 400 400
600 600 600 600 600
800 800 800 800 800
1000 1000 | 1000 : 1 1000 . 1000

T

T T T T T T T T T T T T T T T T T T T T
o 200 400 600 8OO 1000 o 200 400 600 8OO 1000 o 200 400 600 8OO 1000 o 200 400 600 80O 1000 o 200 400 600 BOO 1000




image3.png




image4.gif




