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[bookmark: _Toc232171943][bookmark: _Hlk227162910]Table S1. Observed changes from baseline in efficacy outcomes in subgroups by baseline norepinephrine levels in the EMPATROPISM-FE trial.
	Change 
	NE levels <600 pg/mL
	NE levels ≥600 pg/mL

	
	Empagliflozin
(n=19; 24.7%)
	Placebo
(n=18; 23.4%)
	Empagliflozin
(n=21; 27.3%)
	Placebo
(n=19; 24.7%)

	Norepinephrine and vital status parameters
	
	
	
	

	Norepinephrine (pg/mL)
	-32.7 (-57.7, 24.4)
	6.5 (-42.0, 104.0)
	-105.3 (-208.3, 37.8)
	50.6 (-70.1, 209.3)

	Systolic blood pressure (mmHg
	-7.9 ± 14.5
	7.0 ± 23.1
	-12.0 ± 19.9
	11.9 ± 30.4

	Diastolic blood pressure (mmHg)
	-3.9 ± 7.4
	4.2 ± 10.6
	-4.9 ± 7.9
	1.8 ± 16.7

	Heart rate (beats/min)
	-5.1 ± 10.7
	-0.7 ± 14.2
	-6.6 ± 14.2
	-0.4 ± 13.8

	BMI (kg/m²)
	-0.7 ± 1.0
	0.4 ± 2.1
	-0.3 ± 1.3
	0.3 ± 0.9

	CMR-derived T2*(ms)a
	
	
	
	

	T2* LV wall 
	-1.5 ± 2.8
	0.2 ± 2.9
	-1.4 ± 2.1
	0.2 ± 2.4

	T2* RV wall
	-1.9 ± 1.2
	0.8 ± 2.2
	-1.2 ± 3.1
	0.4 ± 2.1

	Missing
	12
	10
	13
	9

	T2* skeletal muscle
	-1.2 ± 2.3
	-0.0 ± 1.7
	-1.6 ± 2.2
	0.4 ± 1.7

	T2* bone marrow
	-0.8 ± 0.6
	0.2 ± 1.1
	-1.2 ± 0.9
	-0.2 ± 0.9

	T2* liver
	1.0 ± 1.9
	0.0 ± 2.1
	1.4 ± 1.7
	0.2 ± 2.1

	T2* spleen 
	1.2 ± 1.7
	0.1 ± 1.8
	1.8 ± 1.9
	-0.7 ± 2.0

	Left ventricular structure and function
	
	
	
	

	LV end-diastolic volume (mL)
	-21.8 ± 19.9
	0.6 ± 24.9
	-28.2 ± 30.7
	-3.6 ± 26.5

	LV end-systolic volume (mL)
	-24.1 ± 12.6
	-0.3 ± 18.9
	-28.7 ± 25.5
	-0.8 ± 25.0

	LV ejection fraction (%)
	7.3 ± 3.7
	-0.1 ± 4.0
	4.8 ± 4.2
	-0.1 ± 4.0

	LV mass (g)
	-14.0 ± 16.2
	3.6 ± 10.2
	-12.5 ± 12.0
	4.5 ± 16.3

	Right ventricular structure and function
	
	
	
	

	RV end-diastolic volume (mL)
	-8.0 ± 24.4
	-1.8 ± 14.4
	-6.1 ± 21.1
	-4.9 ± 19.2

	RV end-systolic volume (mL)
	-12.9 ± 12.8
	0.7 ± 11.3
	-12.1 ± 16.1
	1.6 ± 14.0

	RV ejection fraction (%)
	6.6 ± 3.9
	-2.1 ± 6.3
	5.3 ± 4.5
	-2.2 ± 6.6

	Physical capacity
	
	
	
	

	Peak VO2 (mL/min/kg)
	1.8 ± 3.1
	-0.3 ± 2.1
	0.6 ± 2.1
	-0.7 ± 1.9

	Missing
	5
	7
	4
	8

	Six-minute walking distance (m)
	89.7 ± 58.9
	-21.0 ± 60.6
	74.1 ± 68.5
	-52.9 ± 75.8

	Hematopoiesis and RBC indices
	
	
	
	

	Erythropoietin (mIU/mL) 
	-0.5 (-2.4, 2.5)
	-2.3 (-4.2, 0.2)
	-0.3 (-2.8, 2.1)
	-0.2 (-2.6, 8.0)

	Erythroferrone (pg/mL)
	0.3 (-0.0, 1.3)
	0.0 (-0.3, 0.3)
	0.9 (-0.1, 1.3)
	0.2 (-0.3, 0.4)

	Hemoglobin (g/dL)
	0.2 (-0.3, 0.9)
	-0.3 (-0.6, 0.3)
	0.7 (-0.1, 1.5)
	0.3 (-0.2, 1.0)

	Hematocrit (%)
	1.0 (-0.4, 2.5)
	-1.6 (-2.7, 1.0)
	2.4 (-0.1, 5.1)
	0.2 (-0.9, 3.2)

	RBC count (x1012/L)
	0.1 (-0.1, 0.4)
	-0.2 (-0.3, 0.0)
	0.3 (-0.2, 0.5)
	-0.0 (-0.1, 0.2)

	RBC Distribution Width (%)
	0.5 (-0.2, 1.0)
	-0.3 (-1.6, 0.3)
	0.4 (0.2, 0.7)
	-0.3 (-0.6, 0.2)

	Systemic iron markers, hepcidin
	
	
	
	

	Iron (µmol/L)
	-2.0 (-3.5, 1.1)
	1.2 (-2.2, 2.6)
	1.4 (-1.1, 3.2)
	0.1 (-1.9, 1.3)

	Missing
	0
	1
	2
	1

	Transferrin (mg/dL)
	4.5 (-22.5, 30.5)
	-20.5 (-40.5, -2.5)
	1.5 (-19.5, 19.5)
	-5.5 (-24.5, 2.0)

	Missing
	0
	1
	2
	1

	Transferrin saturation (%)
	-1.1 (-6.3, 1.6)
	2.8 (-3.0, 4.8)
	3.4 (-1.5, 4.5)
	0.9 (-3.0, 4.8)

	Missing
	0
	1
	2
	1

	Soluble transferrin receptor (µg/L)
	105.8 (-22.3, 473.8)
	-115.7 (-305.5, -14.0)
	132.4 (-222.6, 369.2)
	73.8 (-255.8, 289.4)

	Missing
	0
	1
	2
	2

	Ferritin (µg/L)
	-23.4 (-49.5, -4.4)
	3.9 (-4.0, 14.9)
	-22.1 (-41.5, -5.4)
	2.3 (-26.6, 8.0)

	Missing
	0
	1
	2
	1

	Hepcidin (µg/L)
	-2.2 (-5.0, 0.0)
	2.5 (-5.1, 5.1)
	-2.3 (-8.0, -0.3)
	-0.8 (-7.6, 1.4)

	Missing
	0
	1
	2
	1

	Other biomarkers
	
	
	
	

	eGFR, (ml/min/1.73 m², CKD-EPI) 
	-5.0 (-15.4, 0.0)
	4.5 (-3.1, 9.2)
	-1.1 (-5.1, 4.3)
	2.2 (-4.1, 5.5)

	hs CRP (mg/L)
	-0.0 (-0.6, 0.3)
	0.1 (-0.5, 3.0)
	0.4 (-0.3, 4.4)
	0.1 (-1.3, 1.8)

	Missing
	2
	2
	6
	2


Values are mean ± standard deviation or median (interquartile range) (p-values from Kruskal-Wallis rank test).
The number of missing values reported if values were missing for >5% of patients.
aT2* (quantified using CMR imaging) is used to estimate tissue iron content; higher values indicate lower iron content. 
[bookmark: _Hlk222240654][bookmark: _Hlk222327476]CKD-EPI indicates estimated glomerular filtration rate <60 mL/min/1.73 m2 assessed by the Chronic Kidney Disease Epidemiology Collaboration formula); CMR, cardiac magnetic resonance imaging; eGFR, estimated glomerular filtration rate; hsCRP, high sensitive C-reactive protein; IQR, interquartile range; LV, left ventricular; NE, norepinephrine; peak VO2, peak oxygen consumption; RBC, red blood cell; RV, right ventricular.


[bookmark: _Toc232171944]Table S2. Heat map representation of Pearson correlation coefficients (ρ) between efficacy variables and plasma norepinephrine levels, T2* in various tissues and markers of iron metabolism and erythropoiesis at the 6-month follow-up in the EMPATROPISM-FE trial.
	Color scheme of ρ values (direction & strength of associations)
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	1.00



	Observed measurement following 6 months of treatment
	Norepine-phrine
	T2* Spleen (ms)
	T2* LV (ms)
	T2* skeletal muscle (ms)
	T2* Bone Marrow (ms)
	Hepcidin (µg/L)
	Soluble transferrin receptor (µg/L)
	Erythro-poetin (mlU/mL)
	Erythro-ferrone (ng/mL)

	
	ρ
	ρ
	ρ
	ρ
	ρ
	ρ
	ρ
	ρ
	ρ

	T2* LV wall (ms)
	0.81
	-0.82
	-
	0.83
	0.57
	-0.11
	0.17
	0.18
	0.20

	T2* RV wall (ms)
	0.83
	-0.84
	0.90
	0.85
	0.57
	0.17
	0.02
	-0.13
	0.43

	T2* skeletal muscle (ms)
	0.75
	-0.81
	0.83
	-
	0.43
	-0.18
	0.17
	0.23
	0.30

	T2* bone marrow (ms)
	0.54
	-0.48
	0.57
	0.43
	-
	-0.01
	-0.03
	0.10
	0.09

	T2* liver (ms)
	-0.44
	0.68
	-0.51
	-0.47
	-0.27
	-0.52
	0.07
	0.15
	-0.08

	T2* spleen (ms)
	-0.78
	-
	-0.82
	-0.81
	-0.48
	-0.02
	-0.16
	-0.15
	-0.17

	LV EDV (mL)
	0.48
	-0.46
	0.37
	0.37
	0.19
	-0.01
	-0.11
	0.03
	-0.03

	LV ESV (mL)
	0.47
	-0.44
	0.40
	0.37
	0.19
	0.02
	-0.15
	-0.04
	0.02

	LV ejection fraction (%)
	-0.33
	0.30
	-0.37
	-0.27
	-0.17
	-0.09
	0.20
	0.20
	-0.02

	LV mass (g)
	0.41
	-0.44
	0.31
	0.36
	0.06
	-0.12
	0.12
	0.10
	-0.04

	RV EDV (mL)
	0.22
	-0.23
	0.11
	0.17
	-0.04
	0.02
	-0.02
	0.08
	-0.13

	RV ESV (mL)
	0.22
	-0.27
	0.14
	0.18
	-0.03
	0.07
	-0.06
	0.05
	-0.09

	RV ejection fraction (%)
	-0.13
	0.21
	-0.14
	-0.11
	-0.02
	-0.07
	0.09
	0.02
	0.05

	Peak VO2 (mL/min/kg)
	-0.56
	0.52
	-0.73
	-0.52
	-0.43
	0.16
	-0.14
	-0.21
	-0.06

	6MWD (m)
	-0.28
	0.33
	-0.37
	-0.33
	-0.37
	0.01
	-0.13
	-0.35
	0.24

	Erythropoietin (mIU/mL)
	0.11
	-0.15
	0.18
	0.23
	0.10
	-0.47
	0.55
	-
	-0.07

	Erythroferrone (ng/mL)
	0.28
	-0.17
	0.20
	0.30
	0.09
	-0.13
	0.11
	-0.07
	-

	Hemoglobin (g/dL)
	-0.17
	0.31
	-0.37
	-0.31
	-0.59
	0.20
	-0.30
	-0.43
	-0.01

	Hematocrit (%)
	-0.15
	0.28
	-0.34
	-0.28
	-0.60
	0.18
	-0.27
	-0.41
	0.01

	RBC count (x1012/L)
	-0.22
	0.32
	-0.39
	-0.26
	-0.65
	0.12
	-0.09
	-0.28
	-0.01

	RBCDWh (%)
	0.15
	-0.26
	0.31
	0.26
	0.27
	-0.32
	0.59
	0.60
	0.05

	Iron (µmol/L)
	-0.02
	-0.09
	0.07
	0.15
	-0.04
	0.23
	-0.30
	-0.19
	0.12

	Transferrin (mg/dL)
	-0.01
	0.13
	-0.08
	0.12
	-0.18
	-0.36
	0.29
	0.11
	0.16

	TSAT (%)
	-0.01
	-0.13
	0.12
	0.12
	0.06
	0.30
	-0.34
	-0.17
	0.08

	STfR (µg/L)
	0.11
	-0.16
	0.17
	0.17
	-0.03
	-0.43
	-
	0.55
	0.11

	Ferritin (µg/L)
	0.05
	-0.16
	-0.02
	-0.08
	-0.04
	0.69
	-0.28
	-0.28
	-0.15

	Hepcidin (µg/L)
	-0.06
	-0.02
	-0.11
	-0.18
	-0.01
	-
	-0.43
	-0.47
	-0.13

	eGFR (ml/min/1.73 m²)
	0.01
	0.03
	-0.16
	-0.08
	-0.07
	-0.17
	-0.12
	-0.14
	-0.15

	hsCRP (mg/L)
	0.30
	-0.30
	0.18
	0.20
	0.24
	0.11
	0.20
	0.22
	-0.12


[bookmark: _Hlk227163625]EDV indicates end-diastolic volume; eGFR, estimated glomerular filtration rate; ESV, end-systolic volume; hsCRP, high-sensitive C-reactive protein; LV, left ventricular; peak VO2, peak oxygen consumption; RBC, red blood cell; RBCDW, RBC  distribution width;  RV right ventricular; 6MWD 6-minute walking distance; sTfR, soluble transferrin receptor; TSAT, transferrin saturation. 


[bookmark: _Toc232171945]Figure S1. Correlations between baseline norepinephrine levels and LV structure and function, and exercise capacity (a), markers of erythropoiesis (b), laboratory iron markers, hepcidin and high sensitive C-reactive protein (c), or blood pressure, heart rate and body mass index (d) in the EMPATROPISM-FE trial.
Individual data points are color-coded by norepinephrine level subgroup (≥600 vs. <600 pg/mL); Pearson correlations reflect the full cohort. 
(a) Higher norepinephrine level was associated with greater left ventricular volumes and mass, lower left ventricular ejection fraction and peak oxygen consumption, and a non-significant inverse trend for the 6-minute walk distance, supporting links between sympathetic activity, cardiac remodeling, and physical performance.
(b) Higher norepinephrine levels were positively associated with erythroferrone and inversely associated with hemoglobin, hematocrit, and RBC count, while no significant associations were observed for erythropoietin or RDW. Findings suggest attenuated erythropoiesis with increased sympathetic activity.
(c) No associations were detected between baseline norepinephrine levels and systemic iron markers or iron uptake regulation, while a trend toward a weak positive correlation with hsCRP may reflect a link between sympathetic activity and inflammation.
(d) No associations were detected between baseline blood pressure and heart rate, but a weak positive correlation was found between norepinephrine and BMI.
BMI indicates body mass index; hsCRP, high sensitive C-reactive protein; sTfR, soluble transferrin receptor; TSAT, transferrin saturation. 




[image: C:\Users\Sehner\AppData\Local\Microsoft\Windows\INetCache\Content.Word\BL - corr_Norepinephrine_lg2_iron-content.emf]




[bookmark: _Toc232171946]Figure S2. Changes in plasma norepinephrine levels and vital status parameters after 6 months’ treatment with empagliflozin or placebo in subgroups by baseline norepinephrine level (≥600 vs. <600 pg/mL) in the EMPATROPISM-FE trial. 
Results are reported either as change from, or multiple of, baseline values, as appropriate. P-values for the interaction term (Pinteraction) were all ≥0.100. Therefore, Ptreatment-values refer to the effects of empagliflozin vs. placebo in the entire cohort. 
CI indicates confidence interval.
[image: ]


[bookmark: _Toc232171949][bookmark: _Toc232171950]Figure S3. Correlations between baseline-adjusted changes in (a) hepcidin, laboratory iron markers and markers of erythropoiesis, (b transferritin, laboratory iron markers, hepcidin and red blood cell distribution width, and (c) erythropoietin, indices of erythropoiesis, ferritin and high sensitive C-reactive protein (hsCRP), all at the 6-month follow-up visit in the EMPATROPISM-FE trial.
Individual data points are color-coded by treatment (empagliflozin or placebo). Pearson correlations were calculated for each treatment group. The magnitude of 6-month changes in T2* depends on the direction and magnitude of changes in norepinephrine levels rather than on treatment allocation.
[image: ]
[image: ]

[image: ]


Figure S4. Non-invasive estimation of tissue iron content using CMR T2* mapping.
Mapping technology for parametric T2* quantification as a surrogate of tissue iron content, with lower values suggesting higher tissue iron content. Steady-State Free Precession (SSFP) MR images were used for the anatomical definition of the regions in the different organs/tissues (panels a-c). Gradient Echo (GRE) sequences were generated for T2* quantification to estimate tissue iron content (decay curves a-c). 
LV indicates left ventricular; RV, right ventricular. See text for further details.
[image: ]
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c Norepinephrine at baseline < 600 pg/mL ≥ 600 pg/mL
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Placebo: ρ=0.31 (p=0.070)

Empagliflozin: ρ=0.19 (p=0.306)

E

r

y

t

h

r

o

p

o

i

e

ti

n

 

C

o

n

c

e

n

t

r

a

ti

o

n

 

(

m

I

U

/

m

L

)

 

[

b

a

s

e

l

i

n

e

 

a

d

j

u

s

t

e

d

 

m

u

l

ti

p

l

e

 

o

f

 

b

a

s

e

l

i

n

e

]

c Placebo Empagliflozin


image9.png
Pink region / curve LV myocardium
Blue region / curve Liver

Yellow region / curve Spleen

Marine region / curve Skeletal muscle

Pink region / curve (b)
RV myocardium

Pink region / curve (c)

Vertebral bone marrow





image1.emf
100

200

400

800

1600

3200

100 200 300 400 500

Left Ventricular End-Diastolic Volume (mL)

[baseline]

Overall: ρ=0.47 (p<0.001)

100

200

400

800

1600

3200

50 150 250 350

Left Ventricular End-Systolic Volume (mL)

[baseline]

Overall: ρ=0.46 (p<0.001)

100

200

400

800

1600

3200

50.00 100.00 150.00 200.00 250.00 300.00

Left Ventricular Mass (g)

[baseline]

Overall: ρ=0.32 (p=0.005)

100

200

400

800

1600

3200

20.00 30.00 40.00 50.00 60.00

Left Ventricular Ejection Fraction (%)

[baseline]

Overall: ρ=-0.27 (p=0.021)

100

200

400

800

1600

3200

5 10 15 20 25 30

Peak VO

2

 (mL/min/kg)

[baseline]

Overall: ρ=-0.52 (p<0.001)

100

200

400

800

1600

3200

100 200 300 400 500 600

Six-minute walking distance (m)

[baseline]

Overall: ρ=-0.19 (p=0.095)

N

o

r

e

p

i

n

e

p

h

r

i

n

e

 

(

p

g

/

m

L

)

 

[

b

a

s

e

l

i

n

e

]

a Norepinephrine at baseline < 600 pg/mL ≥ 600 pg/mL


image2.emf
100

200

400

800

1600

3200

2.5 5 10 20 50 100

Erythropoietin Concentration (mIU/mL)

[baseline]

Overall: ρ=0.08 (p=0.464)

100

200

400

800

1600

3200

0 .75 1.5 2.25 3

Erythroferrone

[baseline]

Overall: ρ=0.65 (p<0.001)

100

200

400

800

1600

3200

8 10 12 14 16 18

Hemoglobin (g/dL)

[baseline]

Overall: ρ=-0.33 (p=0.003)

100

200

400

800

1600

3200

25 30 35 40 45 50

Hematocrit (%)

[baseline]

Overall: ρ=-0.34 (p=0.002)

100

200

400

800

1600

3200

2 3 4 5 6

Red blood cell count (x10

12

/L)

[baseline]

Overall: ρ=-0.36 (p=0.001)

100

200

400

800

1600

3200

10 15 20 25 30

Red Blood Cell Distribution Width (%)

[baseline]

Overall: ρ=-0.01 (p=0.924)

N

o

r

e

p

i

n

e

p

h

r

i

n

e

 

(

p

g

/

m

L

)

 

[

b

a

s

e

l

i

n

e

]

b Norepinephrine at baseline < 600 pg/mL ≥ 600 pg/mL


