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Supplementary Method
Covariate Assessments 
During a regular outpatient clinic visit, anthropometric and physical examinations were conducted including assessments of blood pressure components and measurement of height and weight. All biochemical analyses were performed on samples obtained from patients after fasting overnight. The estimated glomerular filtration rate for Japanese patients was determined using the reference formula.1 Ttotal kidney volume, and definitions of comorbidities are presented as follows.

Assessment of total kidney volume 
Total kidney volume (TKV) was estimated from the maximum length, width, and depth of the kidney, using the formula for an ellipsoid: π/6 × length × width × depth. 

Definition of comorbidities
The impact of concomitant treatment and comorbidities was assessed 2. The comorbidities were recorded as positive according to the following criteria. Hypertension was defined as systolic BP ≥ 140 mmHg or diastolic BP ≥ 90 mmHg, or currently taking an antihypertensive agent; hyperuricemia was defined as serum uric acid level ≥7.0 mg/dL, or currently taking an anti-hypouricemic agent; hypertriglyceridemia was defined as serum TG level ≥ 150 mg/dL or currently taking an anti-dyslipidemic agent; low HDL-C was defined as a serum HDL-C level ≤ 40 mg/dL, or currently taking an anti-dyslipidemic agent; high LDL-C was defined as serum LDL-C level ≥ 140 mg/dL, or currently taking an anti-dyslipidemic agent; diabetes mellitus was defined as glycated hemoglobin level ≥6.5%, diagnosis of diabetes mellitus, or intake of an antidiabetic agent.. 

Statistical analyses
Competing risk of death was considered in the interpretation of the results. Because the number of deaths during follow-up was small (n=17), and Fine–Gray competing risk models were not available in the statistical software used (JMP Pro), analyses were performed with censoring at death. Given the low event rate for death, the impact of competing risk was considered unlikely to materially alter the observed associations.
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Supplementary Figure 1. Attribute-based cross-classification approach (Importance Grid Analysis). 
Attributes positioned on the diagonal represent the most opposite characteristics. If attributes A and B are deemed important, an attribute containing both A and B will be considered the most important, while an attribute lacking both A and B will be regarded as the least important. For instance, if values are assigned to attributes A and B, with both set to 2, the bottom left section will have a value of 0 and the upper right section will have a value of 4.
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Supplementary Figure 2. Patient selection flow chart. 
Abbreviations: ADPKD, autosomal dominant polycystic kidney disease
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Supplementary Figure 3. Kaplan–Meier curves for kidney outcomes stratified by hemoglobin status and cross-classified by sex and age in patients with ADPKD
Kaplan–Meier curves illustrating kidney outcomes in patients with autosomal dominant polycystic kidney disease (ADPKD). Kaplan–Meier curves are presented for illustrative purposes to facilitate clinical interpretation of the multivariable findings. Hemoglobin thresholds were selected to enhance visualization of risk gradients and were not used to define the primary conclusions.The left panel shows results for the entire cohort, and the right panels show results for sub-cohorts cross-classified by sex and age (<50 and ≥50 years). Patients were stratified by anemia status using the hemoglobin cutoff values that yielded the highest hazard ratios in the corresponding multivariable analyses (Tables 2 and 3). Kidney outcome was defined as a ≥30% decline in estimated glomerular filtration rate or initiation of renal replacement therapy.




Supplementary Table 1. Multivariable Cox regression analyses for kidney outcomes in patients aged ≥18 years (Sensitivity analysis)

	Variables
	Hazard Ratio
(95% CI)
	P–value

	Age (10-year increase)
	0.80 (0.70–0.91)
	0.001*

	Woman (vs. man) 　
	1.07 (0.73–1.58)
	0.727

	eGFR (10-mL/min/1.73m2 increase)
	0.64 (0.57–0.71)
	<0.001*

	U-Prot (grade 0–3)
	1.90 (1.52–2.37)
	<0.001*

	TKV (100 mL/m increase)
	1.02 (1.01–1.03)
	0.001*

	Hypertension (vs. no)
	1.54 (1.12–2.12)
	0.008*

	Uric acid (1 mg/dL increase)
	1.00 (0.88–1.14)
	0.940

	Hb (1 g/dL increase)： primary exposure
	0.83 (0.76–0.92)
	<0.001*

	Sensitivity analyses　 (categorical definitions of anemia; separate models)
	
	

	Anemia of Hb <11.0 g/ dL
	[1.38 (0.95–2.01)]
	[0.094]

	Anemia of Hb <12.0 g/ dL
	[1.68 (1.18–2.39)]
	[0.004*]

	Anemia of Hb <13.0 g/ dL
	[1.55 (1.08–2.24)]
	[0.019*]

	Anemia of Hb <12.0 g/dL in men, Hb <11.0 g/dL in women
	[1.50 (1.04–2.16)]
	[0.030*]

	Anemia of Hb <13.0 g/dL in men, Hb <12.0 g/dL in women
	[1.76 (1.24–2.48)]
	[0.001*]


*P < 0.05. Analyses were performed in the analytic cohort with complete data for all covariates. The primary multivariable model analyzed hemoglobin as a continuous variable (follow-up duration = 5.7 years; n = 438, events = 218). Categorical anemia definitions were evaluated in separate multivariable models replacing continuous hemoglobin and are presented as sensitivity analyses. Variables representing established risk factors for kidney disease progression in autosomal dominant polycystic kidney disease and chronic kidney disease were included in the multivariable models. Hazard ratios shown in brackets [ ] represent results of prespecified sensitivity analyses using alternative hemoglobin thresholds (<11.0, <12.0, and <13.0 g/dL; <12.0 g/dL in men and <11.0 g/dL in women; and <13.0 g/dL in men and <12.0 g/dL in women) and were not included in the primary model. Anemia was defined by hemoglobin thresholds or the use of iron supplementation or erythropoiesis-stimulating agents. Abbreviations: CI, confidence interval; vs., versus eGFR, estimated glomerular filtration rate; Hb, hemoglobin; TKV, total kidney volume; U-Prot, urinary protein excretion.

Supplementary Table 2. Multivariable Cox regression analyses for kidney outcomes excluding patients treated with tolvaptan at baseline (Sensitivity analysis)

	Variables
	Hazard Ratio
(95% CI)
	P–value

	Age (10-year increase)
	0.80 (0.70–0.92)
	0.001*

	Woman (vs. man) 　
	1.05 (0.71–1.55)
	0.802

	eGFR (10-mL/min/1.73m2 increase)
	0.64 (0.57–0.71)
	<0.001*

	U-Prot (grade 0–3)
	1.86 (1.48–2.32)
	<0.001*

	TKV (100 mL/m increase)
	1.02 (1.01–1.03)
	0.002*

	Hypertension (vs. no)
	1.57 (1.14–2.16)
	0.006*

	Uric acid (1 mg/dL increase)
	1.01 (0.89–1.15)
	0.837

	Hb (1 g/dL increase)： primary exposure
	0.83 (0.75–0.91)
	<0.001*

	Sensitivity analyses　 (categorical definitions of anemia; separate models)
	
	

	Anemia of Hb <11.0 g/ dL
	[1.36 (0.92–1.97)]
	[0.118]

	Anemia of Hb <12.0 g/ dL
	[1.68 (1.18–2.39)]
	[0.004*]

	Anemia of Hb <13.0 g/ dL
	[1.58 (1.09–2.28)]
	[0.015*]

	Anemia of Hb <12.0 g/dL in men, Hb <11.0 g/dL in women
	[1.49 (1.02–2.15)]
	[0.034*]

	Anemia of Hb <13.0 g/dL in men, Hb <12.0 g/dL in women
	[1.80 (1.27–2.54)]
	[<0.001*]


*P < 0.05. Analyses were performed in the analytic cohort with complete data for all covariates. The primary multivariable model analyzed hemoglobin as a continuous variable (follow-up duration = 5.7 years; n = 438, events = 217). Categorical anemia definitions were evaluated in separate multivariable models replacing continuous hemoglobin and are presented as sensitivity analyses. Variables representing established risk factors for kidney disease progression in autosomal dominant polycystic kidney disease and chronic kidney disease were included in the multivariable models. Hazard ratios shown in brackets [ ] represent results of prespecified sensitivity analyses using alternative hemoglobin thresholds (<11.0, <12.0, and <13.0 g/dL; <12.0 g/dL in men and <11.0 g/dL in women; and <13.0 g/dL in men and <12.0 g/dL in women) and were not included in the primary model. Anemia was defined by hemoglobin thresholds or the use of iron supplementation or erythropoiesis-stimulating agents. Abbreviations: CI, confidence interval; ; vs., versus eGFR, estimated glomerular filtration rate; Hb, hemoglobin; TKV, total kidney volume; U-Prot, urinary protein excretion.


Supplementary Table 3. Multivariable Cox regression analyses for kidney outcomes using height-adjusted total kidney volume (htTKV) instead of TKV (Sensitivity analysis)

	Variables
	Hazard Ratio
(95% CI)
	P–value

	Age (10-year increase)
	0.80 (0.70–0.91)
	0.001*

	Woman (vs. man) 　
	1.02 (0.71–1.55)
	0.902

	eGFR (10-mL/min/1.73m2 increase)
	0.64 (0.58–0.70)
	<0.001*

	U-Prot (grade 0–3)
	1.86 (1.50–2.33)
	<0.001*

	TKV (100 mL/m increase)
	1.04 (1.01–1.06)
	<0.001*

	Hypertension (vs. no)
	1.57 (1.14–2.17)
	0.006*

	Uric acid (1 mg/dL increase)
	1.02 (0.89–1.16)
	0.784

	Hb (1 g/dL increase)： primary exposure
	0.82 (0.75–0.91)
	0.001*

	Sensitivity analyses　 (categorical definitions of anemia; separate models)
	
	

	Anemia of Hb <11.0 g/ dL
	[1.41 (0.96–2.05)]
	[0.072]

	Anemia of Hb <12.0 g/ dL
	[1.75 (1.23–2.49)]
	[0.002*]

	Anemia of Hb <13.0 g/ dL
	[1.67 (1.15–2.42)]
	[0.007*]

	Anemia of Hb <12.0 g/dL in men, Hb <11.0 g/dL in women
	[1.54 (1.06–2.22)]
	[0.022*]

	Anemia of Hb <13.0 g/dL in men, Hb <12.0 g/dL in women
	[1.88 (1.33–2.66)]
	[<0.001*]


*P < 0.05. Analyses were performed in the analytic cohort with complete data for all covariates. The primary multivariable model analyzed hemoglobin as a continuous variable (follow-up duration = 6.1 years; n = 430, events = 216). Categorical anemia definitions were evaluated in separate multivariable models replacing continuous hemoglobin and are presented as sensitivity analyses. Variables representing established risk factors for kidney disease progression in autosomal dominant polycystic kidney disease and chronic kidney disease were included in the multivariable models. Hazard ratios shown in brackets [ ] represent results of prespecified sensitivity analyses using alternative hemoglobin thresholds (<11.0, <12.0, and <13.0 g/dL; <12.0 g/dL in men and <11.0 g/dL in women; and <13.0 g/dL in men and <12.0 g/dL in women) and were not included in the primary model. Anemia was defined by hemoglobin thresholds or the use of iron supplementation or erythropoiesis-stimulating agents. Abbreviations: CI, confidence interval; ; vs., versus eGFR, estimated glomerular filtration rate; Hb, hemoglobin; htTKV, height-adjusted total kidney volume; U-Prot, urinary protein excretion.


Supplementary Table 4. Multivariable Cox regression analyses for kidney outcomes using Mayo imaging classification (Classes 1C–1E) instead of TKV (Sensitivity analysis)

	Variables
	Hazard Ratio
(95% CI)
	P–value

	Age (10-year increase)
	0.92 (0.80–1.08)
	0.345

	Woman (vs. man) 　
	0.81 (0.55–1.22)
	0.315

	eGFR (10-mL/min/1.73m2 increase)
	0.65 (0.58–0.72)
	<0.001*

	U-Prot (grade 0–3)
	1.89 (1.51–2.35)
	<0.001*

	TKV (100 mL/m increase)
	1.81 (1.31–2.50)
	<0.001*

	Hypertension (vs. no)
	1.52 (1.10–2.10)
	0.011*

	Uric acid (1 mg/dL increase)
	0.98 (0.71–0.87)
	0.725

	Hb (1 g/dL increase)： primary exposure
	0.79 (0.71–0.87)
	<0.001*

	Sensitivity analyses　 (categorical definitions of anemia; separate models)
	
	

	Anemia of Hb <11.0 g/ dL
	[1.53 (1.02–2.28)]
	[0.038*]

	Anemia of Hb <12.0 g/ dL
	[2.02 (1.40–2.91)]
	[<0.001*]

	Anemia of Hb <13.0 g/ dL
	[1.84 (1.26–2.70)]
	[0.002*]

	Anemia of Hb <12.0 g/dL in men, Hb <11.0 g/dL in women
	[1.80 (1.23–2.64)]
	[0.003*]

	Anemia of Hb <13.0 g/dL in men, Hb <12.0 g/dL in women
	[2.10 (1.47–3.00)]
	[<0.001*]


*P < 0.05. Analyses were performed in the analytic cohort with complete data for all covariates. The primary multivariable model analyzed hemoglobin as a continuous variable (follow-up duration = 6.9 years; n = 425, events = 215). Categorical anemia definitions were evaluated in separate multivariable models replacing continuous hemoglobin and are presented as sensitivity analyses. Variables representing established risk factors for kidney disease progression in autosomal dominant polycystic kidney disease and chronic kidney disease were included in the multivariable models. Hazard ratios shown in brackets [ ] represent results of prespecified sensitivity analyses using alternative hemoglobin thresholds (<11.0, <12.0, and <13.0 g/dL; <12.0 g/dL in men and <11.0 g/dL in women; and <13.0 g/dL in men and <12.0 g/dL in women) and were not included in the primary model. Anemia was defined by hemoglobin thresholds or the use of iron supplementation or erythropoiesis-stimulating agents. Abbreviations: CI, confidence interval; ; vs., versus eGFR, estimated glomerular filtration rate; Hb, hemoglobin; U-Prot, urinary protein excretion.


Supplementary Table 5. Multivariable Cox regression analyses for kidney outcomes including metabolic comorbidities (Sensitivity analysis)

	Variables
	Hazard Ratio
(95% CI)
	P–value

	Age (10-year increase)
	0.78 (0.68–0.89)
	<0.001*

	Woman (vs. man) 　
	1.11 (0.75–1.66)
	0.591

	eGFR (10-mL/min/1.73m2 increase)
	0.63 (0.56–0.70)
	<0.001*

	U-Prot (grade 0–3)
	1.84 (1.46–2.32)
	<0.001*

	TKV (100 mL/m increase)
	1.02 (1.00–1.03)
	0.011*

	Hypertension (vs. no)
	1.59 (1.15–2.21)
	0.005*

	Uric acid (1 mg/dL increase)
	0.99 (0.87–1.14)
	0.938

	Body mass index (1 kg/m2 increase)
	1.03 (0.98–1.09)
	0.185

	Hypertriglyceridemia (vs. no)
	1.05 (0.73–1.52)
	0.776

	Low HDL cholesterol (vs. no)
	1.01 (0.64–1.59)
	0.725

	High LDL cholesterol (vs. no)
	0.98 (0.71–0.87)
	0.970

	Diabetes (vs. no)
	0.40 (0.19–0.85)
	0.017*

	Hb (1 g/dL increase)： primary exposure
	0.81 (0.73–0.89)
	<0.001*

	Categorical analyses (alternative hemoglobin definitions; separate models)
	
	

	Anemia of Hb <11.0 g/ dL
	[1.42 (0.97–2.07)]
	[0.073]

	Anemia of Hb <12.0 g/ dL
	[1.96 (1.36–2.81)]
	[<0.001*]

	Anemia of Hb <13.0 g/ dL
	[1.69 (1.15–2.48)]
	[0.007*]

	Anemia of Hb <12.0 g/dL in men, Hb <11.0 g/dL in women
	[1.58 (1.08–2.29)]
	[0.017*]

	Anemia of Hb <13.0 g/dL in men, Hb <12.0 g/dL in women
	[2.05 (1.43–2.91)]
	[<0.001*]


*P < 0.05. Analyses were performed in the analytic cohort with complete data for all covariates. The primary multivariable model analyzed hemoglobin as a continuous variable (follow-up duration = 5.7 years; n = 429, events = 216). Categorical anemia definitions were evaluated in separate multivariable models replacing continuous hemoglobin and are presented as secondary  analyses. Variables representing established risk factors for kidney disease progression in autosomal dominant polycystic kidney disease and chronic kidney disease were included in the multivariable models. Hazard ratios shown in brackets [ ] represent results of prespecified sensitivity analyses using alternative hemoglobin thresholds (<11.0, <12.0, and <13.0 g/dL; <12.0 g/dL in men and <11.0 g/dL in women; and <13.0 g/dL in men and <12.0 g/dL in women) and were not included in the primary model. Anemia was defined by hemoglobin thresholds or the use of iron supplementation or erythropoiesis-stimulating agents. Abbreviations: CI, confidence interval; ; vs., versus eGFR, estimated glomerular filtration rate; Hb, hemoglobin; U-Prot, urinary protein excretion.



Supplementary Table 6. Multivariable Cox regression analyses for kidney outcomes in attribute-based cross-classified sub-cohorts by sex and age among patients aged ≥18 years (Sensitivity analysis)

	
	Men, <50 years

follow-up = 5.3 years
n=143, event=66
	Men, ≥50 years

follow-up = 3.9 years
n=61, event=36 
	Women, <50 years

follow-up = 6.5 years
n=165, event=65 
	Women, ≥50 years

follow-up = 4.8 years
n=82, event=56 

	Variables
	Hazard Ratio
 (95% CI)
	P–
value
	Hazard Ratio
 (95% CI)
	P–
value
	Hazard Ratio 
(95% CI)
	P–
value
	Hazard Ratio 
(95% CI)
	P–
value

	Age (10-year increase)
	0.68 (0.43–1.08)
	0.097
	0.78 (0.51–1.16)
	0.228
	1.00 (0.64–1.59)
	0.996
	0.73 (0.48–1.10)
	0.134

	eGFR (10-mL/min/1.73m2 increase)
	0.59 (0.46–0.75)
	<0.001*
	0.69 (0.44–1.01)
	0.076
	0.74 (0.60–0.91)
	0.004*
	0.61 (0.48–0.77)
	<0.001*

	U-Prot (grade 0–3)
	1.41 (0.96–2.04)
	0.072
	2.64 (1.43–4.81)
	0.002*
	1.35 (0.75–2.36)
	0.306
	3.55 (2.24–5.60)
	<0.001*

	TKV (100 mL/m increase)
	1.02 (1.00–1.04)
	0.014*
	0.98 (0.94–1.02)
	0.333
	1.10 (1.05–1.15)
	<0.001*
	0.99 (0.95–1.03)
	0.644

	Hypertension (vs. no)
	2.48 (1.30–5.05)
	0.008*
	0.52 (0.22–1.32)
	0.149
	1.04 (0.55–1.90)
	0.907
	1.50 (0.79–2.91)
	0.220

	Uric acid (1 mg/dL increase)
	1.03 (0.85–1.24)
	0.751
	0.88 (0.65–1.20)
	0.396
	0.95 (0.70–1.30)
	0.753
	1.23 (0.91–1.67)
	0.187

	Hb (1 g/dL increase)
	[0.78 (0.63–0.95)]
	[0.015*]
	[0.77 (0.54–1.12)]
	[0.163]
	[0.86 (0.69–1.06)]
	[0.150]
	[0.69 (0.52–0.91)]
	[0.008*]

	Anemia of Hb <11.0 g/ dL
	[1.83 (0.69–4.78)]
	[0.222]
	[1.24 (0.40–3.52)]
	[0.696]
	[1.16 (0.55–2.43)]
	[0.703]
	[2.17 (0.90–5.09)]
	[0.078]

	Anemia of Hb <12.0 g/ dL
	[1.65 (0.60–4.68)]
	[0.336]
	[2.45 (0.93–6.57)]
	[0.069]
	1.98 (1.04–3.68)
： primary exposure
	0.035*
	2.08 (1.01–4.29)
： primary exposure
	0.045*

	Anemia of Hb <13.0 g/ dL
	2.92 (1.13–7.61)
： primary exposure
	0.028*
	3.84 (1.29–12.03)
： primary exposure
	0.017*
	[1.15 (0.62–2.18)]
	[0.657]
	[0.98 (0.40–2.54)]
	[0.969]


[bookmark: _Hlk217032614]*P < 0.05. Analyses were conducted in patients aged ≥18 years. All analyses were performed in the analytic cohort with complete data for all covariates. For hemoglobin, three prespecified, clinically relevant thresholds (<11.0, <12.0, and <13.0 g/dL) were evaluated in each sex- and age-stratified subgroup. The multivariable analyses present the results for the threshold associated with the highest hazard ratio within this prespecified range, which is shown as the primary result. Hemoglobin analyzed as a continuous variable and the remaining thresholds are shown in brackets [ ] as sensitivity analyses. Variables representing established risk factors for kidney disease progression in autosomal dominant polycystic kidney disease and chronic kidney disease were included in all models. Anemia was defined by hemoglobin thresholds and/or the use of iron supplementation or erythropoiesis-stimulating agents. Abbreviations: CI, confidence interval; eGFR, estimated glomerular filtration rate; Hb, hemoglobin; U-Prot, urinary protein excretion; vs., versus.
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