Supplementary Material
Dietary Protein Density Is Inversely Associated with Energy Intake in Free-Living Adults
Supplementary Table S1. Non-linearity and effect modification in the association between dietary protein density and total energy intake
Panel A. Extended model including non-linearity and age interaction
	Predictor
	Unstandardized B
	95% CI
	p-value

	Protein %E, mean-centered
	−72.09
	−107.50 to −36.69
	<0.001

	(Mean-centered protein %E)²
	9.81
	1.01 to 18.60
	0.029

	Age, mean-centered
	−11.12
	−17.58 to −4.67
	<0.001

	Women vs. men
	−488.84
	−674.49 to −303.19
	<0.001

	Protein %E × age
	−2.29
	−4.50 to −0.07
	0.043


Model R² = 0.275; adjusted R² = 0.254; F(5,173) = 13.13, p < 0.001; N = 179. Addition of the quadratic protein term and protein %E × age interaction improved model fit relative to the primary model (ΔR² = 0.038; F change(2,173) = 4.58; p = 0.012). Continuous variables were mean-centered before calculation of quadratic and interaction terms.
Panel B. Effect modification by sex
	Interaction term
	Unstandardized B
	95% CI
	p-value
	ΔR²

	Protein %E × sex
	−55.38
	−124.82 to 14.07
	0.117
	0.011


The model included mean-centered protein %E, age, sex, and the protein %E × sex interaction term. The interaction did not significantly improve model fit (F change(1,174) = 2.48; p = 0.117). N = 179.
Supplementary Table S2. Theory-driven power-function analysis of protein leverage
	Model
	Leverage coefficient (L)
	95% CI
	p-value
	R²
	Adjusted R²

	Model 1: adjusted for age and sex
	−0.456
	−0.684 to −0.229
	<0.001
	0.280
	0.268

	Model 2: additionally adjusted for estimated BMR
	−0.509
	−0.733 to −0.284
	<0.001
	0.318
	0.303


Total energy intake (TEI) and the proportional contribution of protein to dietary energy (p; protein %E divided by 100) were natural-log transformed. The leverage coefficient (L) was estimated from the model ln(TEI) = α + L × ln(p) + covariates. Model 1: F(3,175) = 22.72, p < 0.001. Model 2: F(4,174) = 20.30, p < 0.001. Addition of estimated BMR improved model fit (ΔR² = 0.038; F change(1,174) = 9.67; p = 0.002). Negative values of L between −1 and 0 are consistent with partial protein leverage within the theoretical framework. N = 179.

Supplementary Table S3. Sensitivity analyses of the association between dietary protein density and total energy intake
	Analysis
	N
	Protein coefficient (B)
	95% CI
	p-value

	Primary model
	179
	−52.08 kcal/day
	−84.88 to −19.28
	0.002

	Log-transformed energy intake
	179
	−0.026
	−0.039 to −0.012
	<0.001

	Additional adjustment for estimated BMR
	179
	−60.73 kcal/day
	−93.06 to −28.40
	<0.001

	Excluding observations with Cook’s distance > 4/N
	169
	−54.39 kcal/day
	−79.31 to −29.47
	<0.001


Values represent the regression coefficient for a 1 percentage-point higher contribution of protein to total energy intake. All models were adjusted for age and sex. In the log-transformed model, B represents the change in ln(total energy intake) per 1 percentage-point higher protein %E. The BMR sensitivity model was additionally adjusted for estimated basal metabolic rate. Ten observations exceeded the Cook’s distance screening threshold of 4/N; these observations were excluded only in the corresponding sensitivity analysis and remained included in all primary analyses.
Supplementary Table S4. Exploratory Spearman correlations between macronutrient composition and total energy intake
	Dietary variable
	Spearman’s ρ
	Raw p-value
	BH-FDR adjusted p-value

	Protein %E
	−0.260
	<0.001
	<0.003

	Fat %E
	0.046
	0.538
	0.538

	Carbohydrate %E
	−0.054
	0.474
	0.538


Spearman rank correlations were calculated between total energy intake and the proportional contribution of protein, fat, and carbohydrate to dietary energy. Benjamini–Hochberg false discovery rate (BH-FDR) correction was applied across the three exploratory correlations. N = 179.
Supplementary Table S5. Exploratory macronutrient interaction analyses
	Interaction term
	Unstandardized B
	95% CI
	p-value
	ΔR²

	Protein %E × fat %E
	−2.19
	−9.24 to 4.88
	0.542
	0.002

	Protein %E × carbohydrate %E
	−3.92
	−9.76 to 1.93
	0.188
	0.008


Separate multivariable linear regression models were fitted for each interaction. Models were adjusted for age and sex and included the corresponding protein and macronutrient main effects. Continuous macronutrient variables were mean-centered before calculation of interaction terms. Neither interaction significantly improved model fit. N = 179.


Supplementary Table S6. Exploratory association between dietary protein density and body fat percentage
	Model
	Adjustments
	B for protein %E
	95% CI
	p-value
	R²
	Adjusted R²

	Model 1
	Age, sex
	0.478
	0.055 to 0.901
	0.027
	0.270
	0.257

	Model 2
	Age, sex, total energy intake
	0.511
	0.076 to 0.946
	0.022
	0.271
	0.255

	Model 3
	Age, sex, total energy intake, fat %E
	0.489
	0.057 to 0.922
	0.027
	0.285
	0.264


Body fat percentage was the dependent variable. Values represent unstandardized regression coefficients (B), expressed as the change in body fat percentage points associated with a 1 percentage-point higher contribution of protein to total energy intake. These analyses were exploratory and were not part of the primary study objective. N = 179.
Abbreviations: %E, percentage of total energy intake; B, unstandardized regression coefficient; BH-FDR, Benjamini–Hochberg false discovery rate; BMR, basal metabolic rate; CI, confidence interval; TEI, total energy intake.

