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Supplementary Information 13 

1. Supplementary Methods 14 

2. Supplementary Tables 15 

3. Supplementary Figures 16 

1. Supplementary Methods: Data Imputation for Sensitivity Analysis 17 

Numerous country-year pairings have lifetables and population data available but lack 18 

complete GDP or nutrient supply data. As outlined in the methods, we evaluated the impact of 19 

these missing data through imputation. Supplementary Figure 1 to Supplementary Figure 3 20 

illustrate outcomes following the same analysis as in the main text, however using the dataset 21 

with imputed values. Statistical significance is detailed in Supplementary Table 19 and 22 

Supplementary Table 20. 23 

2. Supplementary Tables 24 

Supplementary Table 1 Estimated change in protein supplies (in terms of kcal/capita/day) 25 
over time. Gaussian-GAMM, identity-link function. Deviance explained = 85.1%, n = 2000. 26 
Related to Figure 1. GAMM = generalized additive mixed model.  27 

Parametric 
    

Coef. Estimate Std. 
Error 

t value p-value 

(Intercept) 334.08 3.59 93.11 <2𝑒𝑒−16 
Non-Parametric 

   

Coef. edf Ref.df F p-value 
s(Year) 2.65 3.32 233.37 <2𝑒𝑒−16 
s(Country) 87.68 100.00 97.02 <2𝑒𝑒−16 
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Supplementary Table 2 Estimated change in animal-based protein supplies (in terms of 28 
kcal/capita/day) over time. Gaussian-GAMM, identity-link function. Deviance explained = 29 
89.3%, n = 2000. Related to Figure 1. GAMM = generalized additive mixed model. 30 

Parametric 
    

Coef. Estimate Std. Error t value p-value 
(Intercept) 160.86 3.41 47.21 <2𝑒𝑒−16 
Non-Parametric 

   

Coef. edf Ref.df F p-value 
s(Year) 2.79 3.49 348.5 <2𝑒𝑒−16 
s(Country) 89.35 100.00 145.1 <2𝑒𝑒−16 

Supplementary Table 3 Estimated change in plant-based protein supplies (in terms of 31 
kcal/capita/day) over time. Gaussian-GAMM, identity-link function. Deviance explained = 32 
73.8 %, n = 2000. Related to Figure 1. GAMM = generalized additive mixed model. 33 

Parametric     
Coef. Estimate Std. Error t value p-value 
(Intercept) 171.97 1.77 96.99 <2𝑒𝑒−16 
Non-Parametric    
Coef. edf Ref.df F p-value 
s(Year) 2.08 2.59 13.49 <2𝑒𝑒−16 
s(Country) 82.60 100.00 49.70 <2𝑒𝑒−16 

Supplementary Table 4 Estimated change in protein supplies (in terms of kcal/capita/day) 34 
with GDP. Gaussian-GAMM, identity-link function. Deviance explained =  87.1%, n = 2000. 35 
Related to Figure 1. GAMM = generalized additive mixed model; GDP = gross domestic 36 
product per capita.  37 

Parametric 
Coef. 

 
Estimate 

 
Std. Error 

 
t value 

 
p-value 

(Intercept) 354.78 2.71 130.8 <2𝑒𝑒−16 
Non-Parametric 
Coef. 

 
edf 

 
Ref.df 

 
F 

 
p-value 

s(GDP) 7.76 9.72 165.70 <2𝑒𝑒−16 
s(Country) 82.34 100.00 42.18 <2𝑒𝑒−16 
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Supplementary Table 5 Estimated change in animal-based protein supplies (in terms of 38 
kcal/capita/day) with GDP. Gaussian-GAMM, identity-link function. Deviance explained = 39 
91%, n = 2000. Related to Figure 1. GAMM = generalized additive mixed model; GDP = gross 40 
domestic product per capita. 41 

Parametric 
Coef. 

 
Estimate 

 
Std. Error 

 
t value 

 
p-value 

(Intercept) 186.04 2.22 83.86 <2𝑒𝑒−16 
Non-Parametric 
Coef. 

 
edf 

 
Ref.df 

 
F 

 
p-value 

s(GDP) 7.81 9.80 262.4 <2𝑒𝑒−16 
s(Country) 81.04 100.00 43.2 <2𝑒𝑒−16 

Supplementary Table 6 Estimated change in plant-based protein supplies (in terms of 42 
kcal/capita/day) with GDP. Gaussian-GAMM, identity-link function. Deviance explained = 43 
78.3%, n = 2000. Related to Figure 1. GAMM = generalized additive mixed model; GDP = 44 
gross domestic product per capita. 45 

Parametric 
Coef. 

 
Estimate 

 
Std. Error 

 
t value 

 
p-value 

(Intercept) 169.132 1.86 90.83 <2𝑒𝑒−16 
Non-Parametric 
Coef. 

 
edf 

 
Ref.df 

 
F 

 
p-value 

s(GDP) 6.57 8.24 46.30 <2𝑒𝑒−16 
s(Country) 85.37 100.00 59.34 <2𝑒𝑒−16 

Supplementary Table 7 Estimated change in protein supplies with carbohydrate supplies (in 46 
terms of kcal/capita/day). Gaussian-GAMM, identity-link function. Deviance explained =  47 
80.8%, n = 2000. Related to Figure 1. GAMM = generalized additive mixed model; GDP = 48 
gross domestic product per capita. 49 

Parametric 
Coef. 

 
Estimate 

 
Std. Error 

 
t value 

 
p-value 

(Intercept) 332.26 3.58 92.87 <2𝑒𝑒−16 
Non-Parametric 
Coef. 

 
edf 

 
Ref.df 

 
F 

 
p-value 

s(GDP) 2.05 2.61 73.92 <2𝑒𝑒−16 
s(Country) 84.75 100.00 75.35 <2𝑒𝑒−16 
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Supplementary Table 8 Estimated change in animal-based protein supplies with carbohydrate 50 
supplies (in terms of kcal/capita/day). Gaussian-GAMM, identity-link function. Deviance 51 
explained = 83.2%, n = 2000. Related to Figure 1. GAMM = generalized additive mixed model; 52 
GDP = gross domestic product per capita. 53 

Parametric 
Coef. 

 
Estimate 

 
Std. Error 

 
t value 

 
p-value 

(Intercept) 165.89 3.46 48 <2𝑒𝑒−16 
Non-Parametric 
Coef. 

 
edf 

 
Ref.df 

 
F 

 
p-value 

s(GDP) 2.53 3.23 39.42 <2𝑒𝑒−16 
s(Country) 84.91 100.00 72.86 <2𝑒𝑒−16 

Supplementary Table 9 Estimated change in plant-based protein supplies with carbohydrate 54 
supplies (in terms of kcal/capita/day). Gaussian-GAMM, identity-link function. Deviance 55 
explained = 92.9%, n = 2000. Related to Figure 1. GAMM = generalized additive mixed model; 56 
GDP = gross domestic product per capita. 57 

Parametric 
Coef. 

 
Estimate 

 
Std. Error 

 
t value 

 
p-value 

(Intercept) 166.54 1.04 159.9 <2𝑒𝑒−16 
Non-Parametric 
Coef. 

 
edf 

 
Ref.df 

 
F 

 
p-value 

s(GDP) 6.07 7.70 757.48 <2𝑒𝑒−16 
s(Country) 85.08 100.00 74.66 <2𝑒𝑒−16 

Supplementary Table 10 Estimated change in protein supplies with fat supplies (in terms of 58 
kcal/capita/day). Gaussian-GAMM, identity-link function. Deviance explained = 87.4%, n = 59 
2000. Related to Figure 1. GAMM = generalized additive mixed model; GDP = gross domestic 60 
product per capita. 61 

Parametric 
Coef. 

 
Estimate 

 
Std. Error 

 
t value 

 
p-value 

(Intercept) 363.46 2.05 177.4 <2𝑒𝑒−16 
Non-Parametric 
Coef. 

 
edf 

 
Ref.df 

 
F 

 
p-value 

s(GDP) 1.42 1.71 1411.91 <2𝑒𝑒−16 
s(Country) 74.34 100.00 31,29 <2𝑒𝑒−16 
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Supplementary Table 11 Estimated change in ABP supplies with fat supplies (in terms of 62 
kcal/capita/day). Gaussian-GAMM, identity-link function. Deviance explained = 92.8%, n = 63 
2000. Related to Figure 1. GAMM = generalized additive mixed model; GDP = gross domestic 64 
product per capita. 65 

Parametric 
Coef. 

 
Estimate 

 
Std. Error 

 
t value 

 
p-value 

(Intercept) 195.34 1.50 130.6 <2𝑒𝑒−16 
Non-Parametric 
Coef. 

 
edf 

 
Ref.df 

 
F 

 
p-value 

s(GDP) 3.90 4.93 1005.91 <2𝑒𝑒−16 
s(Country) 71.94 100.00 36.76 <2𝑒𝑒−16 

Supplementary Table 12 Estimated change in PBP supplies with fat supplies (in terms of 66 
kcal/capita/day). Gaussian-GAMM, identity-link function. Deviance explained = 74.9%, n = 67 
2000. Related to Figure 1. GAMM = generalized additive mixed model; GDP = gross domestic 68 
product per capita. 69 

Parametric 
Coef. 

 
Estimate 

 
Std. Error 

 
t value 

 
p-value 

(Intercept) 168.96 1.92 87.94 <2𝑒𝑒−16 
Non-Parametric 
Coef. 

 
edf 

 
Ref.df 

 
F 

 
p-value 

s(GDP) 3.82 4.86 18.52 <2𝑒𝑒−16 
s(Country) 84.23 100.00 48.43 <2𝑒𝑒−16 
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Supplementary Table 13 Relative fit of generalised additive mixed models testing predictors of lifetable parameter 𝑙𝑙₅ (survivorship to age 5) in 70 
males and females. AIC = Akaike information criterion. GDP = gross domestic product. ∆AIC is the difference between each model AIC score and 71 
the lowest AIC score across the model set. All models included country as a random effect, and the null model held no other terms. Supply was 72 
modelled as a 3-dimensional thin-plate regression spline for the nutritional variables: Animal-based protein (ABP), plant-based protein (PBP) and 73 
carbohydrates or ABP, PBP and fats (in terms of kcal/capita/day). Additive (+) and interactive effects (*) were explored including the additive 74 
effects of carbohydrates or fats (whichever was not already included as part of the 3-d supply term). Economic and temporal trends were considered 75 
with the inclusion of cubic regression splines for Year and/or GDP. 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑦𝑦𝐹𝐹= (ABP, PBP, Fat); 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑦𝑦𝐶𝐶= (ABP, PBP, Carbohydrate). 76 
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Supplementary Table 14 Relative fit of generalised additive mixed models testing predictors of lifetable parameter 𝑙𝑙₆₀ in females and males, as 77 
outlined in Table S13. AIC = Akaike information criterion; GDP = gross domestic product per capita; ABP = animal-based protein; PBP = plant-78 
based protein. 𝑙𝑙60 = survivorship to age 60. 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑦𝑦𝐹𝐹= (ABP, PBP, Fat); 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑦𝑦𝐶𝐶= (ABP, PBP, Carbohydrate) all in terms of kcal/capita/day. 79 
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Supplementary Table 15 Sex-specific global standard life table, obtained from Wilmoth et al (2012) 1.  80 
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Supplementary Table 16 Estimated effects of macronutrient supplies (in terms of kcal/capita/day) by time and GDP per capita on 𝑙𝑙5 in females 81 
and males based on the complete cases. Beta GAMM, logit link function. Female deviance explained = 98.8%, male deviance explained = 98.8%, 82 
n per sex = 2000. Related to Figure 2. GAMM = generalized-additive mixed model; GDP = gross domestic product; ABP = animal-based protein; 83 
PBP = plant-based protein. 𝑙𝑙5 = survivorship to age 5. 84 

Males 
Parametric 

 

Coef. Estimate Std. Error z value p-value 
(Intercept) 𝑙𝑙5 3.94 0.03 123.30 <2𝑒𝑒−16 
Non-Parametric 
Coef. 

 
edf 

 
Ref.df 

 
Chi.sq 

 
p-value 

te(ABP.kcal, PBP.kcal, Fat.kcal, Year)  73.61 94.22 1319.41 <2𝑒𝑒−16 
te(Carb.kcal, Year) 11.64 13.92 78.15 <2𝑒𝑒−16 
te(GDP_perCapita, Year) 14.20 94.00 2681.56 <2𝑒𝑒−16 
s(Country) 92.70 100.00 10325.42 <2𝑒𝑒−16 
Females     
Parametric 
Coef. 

 
Estimate 

 
Std. Error 

 
z value 

 
p-value 

(Intercept) 𝑙𝑙5 4.14 0.03 124.60 <2𝑒𝑒−16 
Non-Parametric 
Coef. 

 
edf 

 
Ref.df 

 
Chi.sq 

 
p-value 

te(ABP.kcal, PBP.kcal, Fat.kcal, Year)  72.08 92.28 1366.70 <2𝑒𝑒−16 
te(Carb.kcal, Year) 12.24 14.56 109.40 <2𝑒𝑒−16 
te(GDP_perCapita, Year) 12.56 94.00 2877.60 <2𝑒𝑒−16 
s(Country)  92.44 100.00 9756.30 <2𝑒𝑒−16 
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Supplementary Table 17 Estimated effects of macronutrient supplies (in terms of kcal/capita/day) by time and GDP per capita on 𝑙𝑙60 in females 85 
and males based on the complete cases. Beta GAMM, logit link function. Female deviance explained = 98.7%, male deviance explained = 98.1%, 86 
n per sex = 200. Related to Figure 3. GAMM = generalized-additive mixed model; GDP = gross domestic product; ABP = animal-based protein; 87 
PBP = plant-based protein. 𝑙𝑙60 = survivorship to age 60. 88 

Males 
Parametric 

 

Coef. Estimate Std. Error z value p-value 
(Intercept) 𝑙𝑙60 1.43 0.02 64.38 <2𝑒𝑒−16 
Non-Parametric 
Coef. 

 
edf 

 
Ref.df 

 
Chi.sq 

 
p-value 

te(ABP.kcal, PBP.kcal, Fat.kcal, Year)  74.92 96.10 2397.2 <2𝑒𝑒−16 
te(Carb.kcal, Year) 7.15 8.022 76.4 <2𝑒𝑒−16 
te(GDP_perCapita, Year) 17.72 94.00 4665.3 <2𝑒𝑒−16 
s(Country) 90.43 100.00 11305.5 <2𝑒𝑒−16 
Females     
Parametric 
Coef. 

 
Estimate 

 
Std. Error 

 
z value 

 
p-value 

(Intercept) 𝑙𝑙60 2.06 0.02 97.12 <2𝑒𝑒−16 
Non-Parametric 
Coef. 

 
edf 

 
Ref.df 

 
Chi.sq 

 
p-value 

te(ABP.kcal, PBP.kcal, Fat.kcal, Year)  71.544 91.80 3147.60 <2𝑒𝑒−16 
te(Carb.kcal, Year) 7.58 8.35 126.90 <2𝑒𝑒−16 
te(GDP_perCapita, Year) 6.495 92.00 3030.10 <2𝑒𝑒−16 
s(Country)  91.10 100.00 10371.00 <2𝑒𝑒−16 
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Supplementary Table 18 Sex specific nutritional environment compositions used to derive 𝑞𝑞ₓ across age classes, as shown in Figure 5. 𝑞𝑞𝑥𝑥 = 89 
probability of mortality at age 𝑥𝑥.90 
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Supplementary Table 19 Estimated effects of macronutrient supplies (in terms of kcal/capita/day) by time and GDP per capita on 𝑙𝑙5 in females 91 
and males based on the imputed dataset. Beta GAMM, logit link function. Female deviance explained = 98.9%, male deviance explained = 98.7%, 92 
n per sex = 2163. Related to Supplementary Figure 1. GAMM = generalized-additive mixed model; GDP = gross domestic product; ABP = animal-93 
based protein; PBP = plant-based protein. 𝑙𝑙5 = survivorship to age 5. 94 

 

 

 

 

 

 

 

 

 

 

Females 
Parametric 

 

Coef. Estimate Std. Error z value p-value 
(Intercept) 𝑙𝑙5 4.14 0.03 129.90 <2𝑒𝑒−16 
Non-Parametric 
Coef. 

 
edf 

 
Ref.df 

 
Chi.sq 

 
p-value 

te(ABP.kcal, PBP.kcal, Fat.kcal, Year)  68.83 88.16 1185.80 <2𝑒𝑒−16 
te(Carb.kcal, Year) 12.76 15.06 119.70 <2𝑒𝑒−16 
s(GDP_perCapita, Year) 14.85 94.00 6022.20 <2𝑒𝑒−16 
s(Country) 103.26 113.00 10349.20 <2𝑒𝑒−16 
Males     
Parametric 
Coef. 

 
Estimate 

 
Std. Error 

 
z value 

 
p-value 

(Intercept) 𝑙𝑙5 3.94 0.03 128.10 <2𝑒𝑒−16 
Non-Parametric 
Coef. 

 
edf 

 
Ref.df 

 
Chi.sq 

 
p-value 

te(ABP.kcal, PBP.kcal, Fat.kcal, Year)  68.09 87.22 1103.27 <2𝑒𝑒−16 
te(Carb.kcal, Year) 11.49 13.76 81.86 <2𝑒𝑒−16 
s(GDP_perCapita, Year) 15.85 94.00 5730.83 <2𝑒𝑒−16 
s(Country)  103.60 113.00 10545.71 <2𝑒𝑒−16 
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Supplementary Table 20 Estimated effects of macronutrient supplies (in terms of kcal/capita/day) by time and GDP per capita on 𝑙𝑙60 in females 95 
and males based on the imputed dataset. Beta GAMM, logit link function. Female deviance explained = 98.4%, male deviance explained = 97.6%, 96 
n per sex = 2163. Related to Supplementary Figure 2. GDP = gross domestic product; ABP = animal-based protein; PBP = plant-based protein. 𝑙𝑙60 97 
= survivorship to age 60.  98 

Females 
Parametric 

 

Coef. Estimate Std. Error z value p-value 
(Intercept) 𝑙𝑙60 2.03 0.02 93.86 <2𝑒𝑒−16 
Non-Parametric 
Coef. 

 
edf 

 
Ref.df 

 
Chi.sq 

 
p-value 

te(ABP.kcal, PBP.kcal, Fat.kcal, Year)  69.882 90.01 2560.1 <2𝑒𝑒−16 
te(Carb.kcal, Year) 8.75 9.89 189.3 <2𝑒𝑒−16 
s(GDP_perCapita, Year) 10.58 94.00 6146.3 <2𝑒𝑒−16 
s(Country) 104.17 113.00 11159.4 <2𝑒𝑒−16 
Males     
Parametric 
Coef. 

 
Estimate 

 
Std. Error 

 
z value 

 
p-value 

(Intercept) 𝑙𝑙60 1.43 0.02 66.86 <2𝑒𝑒−16 
Non-Parametric 
Coef. 

 
edf 

 
Ref.df 

 
Chi.sq 

 
p-value 

te(ABP.kcal, PBP.kcal, Fat.kcal, Year)  76.893 99.07 2502.4 <2𝑒𝑒−16 
te(Carb.kcal, Year) 9.32 10.88 131.1 <2𝑒𝑒−16 
s(GDP_perCapita, Year) 15.37 94.00 6253.6 <2𝑒𝑒−16 
s(Country)  101.99 113.00 12657.7 <2𝑒𝑒−16 
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3. Supplementary Figures99 

Supplementary Figure 1 Surfaces showing the predicted effects of macronutrient supplies (in 100 
terms of kcal/capita/day) on life table survivorship to age 5 (𝑙𝑙5), based on the imputed dataset. 101 
Survivorship outcomes were predicted based on 2017 global nutrient supply, GDP, and 102 
population data, after imputation, using the generalized-additive mixed model selected as the 103 
best approximating model for the complete dataset. (A-C) show the effects of animal-based 104 
protein (ABP; x-axis), plant-based protein (PBP; y-axis), and fat supplies on 𝑙𝑙5 in females. (D-105 
F) show the effects of ABP (𝑥𝑥-ais), PBP (𝑦𝑦-axis), and fat supplies on 𝑙𝑙5 in males. The colour 106 
map and contour lines on each surface indicate the predicted 𝑙𝑙5 associated with the aligning 107 
protein supplies given by the (𝑥𝑥,𝑦𝑦) coordinates. 𝑙𝑙5 survivorship values increase from blue to 108 
red, as specified by the colour bar legend (min = 0.988, max = 0.996). Moving from left to 109 
right across each row of surfaces, the quantity of fat supplies increases. (A, D), (B,E), and (C, 110 
F) show predicted effects at the first, second and third quartiles of global fat supplies in 2017, 111 
respectively. (A-F) assume the median carbohydrate supplies for 2017, after imputation (1579 112 
kcal/capita/day). The smooth terms for macronutrient supply were statistically significant in 113 
both sexes (Supplementary Table 19). 114 

  



 16 

Supplementary Figure 2 Surfaces showing the predicted effects of animal-based protein (x-115 
axis) and plant-based protein (y-axis) supplies (kcal/cap/day) on survivorship to age 60 (𝑙𝑙₆₀), 116 
based on the imputed dataset. Survivorship outcomes were predicted based the imputed dataset, 117 
as described in Supplementary Figure 1. (A-C) and (D-F) show female and male 𝑙𝑙60 outcomes, 118 
respectively. The colour map and contour lines show predicted 𝑙𝑙60 survivorship, as described 119 
in Supplementary Figure 1. 𝑙𝑙60 survivorship values increase from blue to red, as per the colour 120 
bar legend (min = 0.842, max = 0.963). (A, D), (B,E), and (C, F) show predicted effects for 121 
low, median and high fat supplies, respectively, and as specified in Supplementary Figure 1. 122 
The smooth terms for macronutrient supply were statistically significant in both sexes 123 
(Supplementary Table 20). 124 
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Supplementary Figure 3 Surfaces showing the predicted effects of animal-based protein (x-125 
axis) and plant-based protein (y-axis) supplies (kcal/cap/day) on life expectancy at birth (𝑒𝑒₀), 126 
based on imputed dataset. 𝑒𝑒₀ values were derived from pairs of corresponding survivorship 127 
to ages 5 and 60 values (𝑙𝑙₅ and 𝑙𝑙₆₀), as shown in Supplementary Figure 1 and Supplementary 128 
Figure 2, and visualised across the same nutrient supply space. (A-C) and (D-F) show female 129 
and male 𝑒𝑒0 outcomes, respectively. The colour map and contour lines in (A – F) show the 𝑒𝑒0 130 
in years, corresponding to the aligning proportions of protein supplies on the 𝑥𝑥 and 𝑦𝑦 axes. In 131 
(A – F), 𝑒𝑒0 values increase from blue to red, as specified by the colour bar legend (min = 70 132 
years, max = 85 years). The quantity of fat and carbohydrate supplies is fixed on each surface. 133 
Carbohydrate supplies are fixed at 1579 kcal/capita/day for (A-F), based on the median 134 
carbohydrate supply for 2017, after imputation. Fat supplies, specified above surfaces (A-C), 135 
are held constant at the first, second and third quartiles of global fat supplies in 2017 for 136 
surfaces (A and D), (B and E) and (C and F) respectively. 137 
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Supplementary Figure 4 Predicted effects of carbohydrate supplies (in terms of 138 
kcal/capita/day) on life table survivorship to (A) age 5 (𝑙𝑙₅) and (B) age 60 (𝑙𝑙₆₀), in males (purple) 139 
and females (green). Survivorship outcomes are predicted based on 2017 global nutrient 140 
supply, GDP, and population data, using the generalized-additive mixed model selected as the 141 
best approximating model for the complete dataset. (A and B) assume median animal-based 142 
protein (219 kcal/capita/day), plant-based protein (174 kcal/capita/day) and fat (1148 143 
kcal/capita/day) supplies in 2017.  144 
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Supplementary Figure 5 Predicted effects of carbohydrate supplies (in terms of 145 
kcal/capita/day) on life expectancy at birth (𝑒𝑒0) in females (green) and males (purple). 𝑒𝑒0values 146 
are derived from pairs of corresponding 𝑙𝑙5and 𝑙𝑙60 shown in Supplementary Figure 4 and 147 
visualised across the same nutrient supply space. Carbohydrate effects are predicted for median 148 
animal-based protein, plant-based protein and fat supplies in 2017, as specified in 149 
Supplementary Figure 4.  150 
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