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Baseline (n=984, cases=231)

Arginine / ADMA Ratio

Global Arginine Availability Score

Model 1, trait as continuous variable, per SD

HR (95% CI) 0.79 (0.66 — 0.94) 0.82 (0.66 - 0.98)
p 0.01 0.03
Trait in quartile categories, as compared to Q1 (reference)
Q2 0.54 (0.35-0.83) 0.49 (0.32-0.77)
Q3 0.54 (0.35-0.84) 0.65(0.43 -0.98)
Q4 0.66 (0.44-101) 0.66(0.43-1.01)
p-trend 0.08 0.16

Model 2, trait as continuous variable, per SD

HR (95% CI)

0.80 (0.67-10.96)

0.83 (0.69 — 0.999)

Trait in quartil

0.02

e categories, as compared to Q1 (reference)

0.048

Q2 0.55(0.35-0.86) 0.48 (0.30 -0.76)

Q3 0.56 (0.36 — 0.88) 0.69 (0.45-1.05)

Q4 0.69 (0.45-1.06) 0.71(0.45-1.10)
p-trend 0.12 0.35

Global Arginine Availability Score = Arginine / (Citrulline + Ornithine)

Yu et al. J Clin Endocrinol Metab. 2017 Mar 2. doi: 10.1210/jc.2016-3569.




Background: Tryptophan
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Increases in Plasma Tryptophan Are Inversely
Associated with Incident Cardiovascular

Disease in the Prevencion con Dieta
Mediterranea (PREDIMED) Study’3
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TABLE 2 HRs (95% Cls) for composite CVD (stroke, nonstroke, death from vascular causes) by baseline and 1-y changes in plasma
metabolites (tryptophan, kynurenine, kynurenic acid, 3-HAA, and quinolinic acid) as continuous and categorical variables’

Tryptophan Kynurenine Kynurenic acid 3-HAA Quinolinic acid
Baseline?
Model 1, metabolite as continuous variable, per SD
HR (95% CI) 0.88 (0.74, 1.04) 1.00 (0.86, 1.16) 1.14(0.99, 1.31) 0.82 (0.69, 0.98) 1.03 (0.86, 1.22)
P 0.13 0.99 0.08 0.03 0.77
Metabolite in Q categories as compared with Q1 (reference)
Q2 0.91 (0.59, 1.40) 0.86 (0.55, 1.35) 1.49(0.91, 2.42) 0.83 (0.53, 1.30) 093 (0.59, 1.47)
03 0.67 (0.42, 1.05) 093 (0.61, 1.44) 1.39(0.86, 2.24) 0.62 (0.38, 1.03) 099 (0.64, 1.54)
04 0.75(0.48, 1.19) 091 (0.59, 1.40) 1.49 (0.92, 2.40) 0.69 (0.43, 1.11) 1.17 (0.75, 1.83)
P-trend 0.12 0.76 0.14 0.07 0.46
Model 2, metabolite as continuous variable, per SD
HR (95% ClI) 0.87 (0,67, 1.11) 1.06 (0.89, 1.26) 1.23(1.02, 1.48) 0.82 (0.67, 1.01) 1.15(0.94, 1.41)
P 0.28 0.52 0.03 0.06 0.19
Metabolite in Q categories as compared with Q1 (reference)
(7] 0.95 (0.58, 1.57) 127 (0.75, 2.13) 1.58 (0.91, 2.76) 0.72 (0.42, 1.23) 1.00 (0.60, 1.67)
03 0.58 (0.33, 1.01) 1.17(0.72, 1.92) 1.62 (0.92, 2.85) 0.84 (0.46, 1.50) 1.08 (0.65, 1.82)
04 0.75 (0.40, 1.44) 1.21(0.73, 1.99) 1.73(0.97, 3.10) 0.64 (0.36, 1.16) 153 (091, 257)
P-trend 021 0.55 0.08 022 01
1-y changes®
Model 1, metabolite as continuous variable, per SD
HR (95% ClI) 0.77 (0.64, 0.94) 0.86 (0.69, 1.06) 0.87 (0.73, 1.04) 1.15(0.91, 1.45) 0.96 (0.80, 1.15)
P 0.01 0.15 0.13 0.26 0.64
Metabolite in Q categories as compared with Q1 (reference)
Q2 1.18(0.72, 1.94) 0.79 (0.48, 1.30) 0.95 (0.56, 1.61) 1.59(0.79, 3.19) 0.84 (0.48, 1.47)
03 0.75 (0.44, 1.27) 0.37 (0.20, 0.70) 0.88 (0.50, 1.53) 1.91(0.91, 3.99) 0.95 (0.54, 1.66)
04 0.49(0.27, 0.87) 068 (0.41, 1.13) 0.69 (0.40, 1.20) 1.46 (0.70, 3.05) 0.89 (0.52, 1.51)
P-trend 0.005 0.02 0.18 027 0.78
Model 2, metabolite as continuous variable, per SD
HR (95% CI) 0.79 (0.63, 0.98) 0.85 (0.67, 1.06) 0.93 (0.75, 1.15) 1.15(0.90, 1.49) 092 (0.75, 1.13)
P 0.03 0.15 052 027 0.42
Metabolite in Q categories as compared with Q1 (reference)
Q2 1.19(0.70, 2.02) 0.78 (0.45, 1.34) 1.00 (0.53, 1.87) 1.26 (0.56, 2.84) 0.82 (0.43, 1.57)
03 0.72 (0.40, 1.28) 0.39(0.20, 0.77) 1.00 (0.52, 1.93) 1.37 (0.55, 3.43) 097 (0.51, 1.85)
04 0.49 (0.26, 0.95) 0.60 (0.34, 1.07) 0.84 (0.44, 1.58) 1.32 (057, 3.03) 0.78 (0.43, 1.42)
P-trend 0.01 0.02 0.60 050 0.55

Yu et al. J Nutr. 2017 Mar;147(3):314-322
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Table 3. Predictive performance of baseline amino acids and combined scores in discriminating individuals who developed diabetes in 10 years

(T2D, n = 51) from those who remained metabolically healthy (NGT, n = 162).

Amino acids and combined scores

p1

FC

Basic logistic model

Crude OR (95% Cl)

p2

Valine <0.001 2.52 1.83(1.51,2.23) <0.001
Leucine <0.001 2.06 1.94 (1.37,2.76) <0.001
Isoleucine <0.001 2.60 1.50(1.27,1.83) <0.001
Phenylalanine <0.001 2.01 1.42(1.18,1.71) <0.001
Tyrosine <0.001 2.28 1.50(1.24, 1.81) <0.001
Tryptophan <0.001 2.60 2.00(1.65, 2.41) <0.001
5AAs-Combined score <0.001 2.72 1.47 (1.25, 1.75) <0.001
6AAs-Combined score <0.001 373 3.50(1.85, 6.60) <0.001

Abbreviations: SAAs-Combined score: the combined score derived from the abundance of 5 AAs (valine, leucine, isoleucine, tyrosine, and phenylalanine);
6AAs-Combined score: the combined score derived from the abundance of 6 AAs (valine, leucine, isoleucine, tyrosine, phenylalanine, and tryptophan).
p1 was the p value from Mann Whitney U test compared T2D and NGT.

FC (fold change) represents the mean ratio of T2D to NGT.

Crude odds ratio (Crude OR) and confidence interval (Cl) per s.d., and p2 were from basic logistic regression models and S.D. scaled data.

Chen et al. PLoS One. 2016 Sep 6;11(9):e0162192. doi: 10.1371/journal.pone.0162192.




Background: Metabolomics
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Prediined

Prevencion con Dieta Mediterranea

Three arms

* Low fat control

* MedDiet + EVOO
* MedDiet + nuts

Case-cohort among diabetes-free patients at baseline (694 in subcohort)
All incident cases of T2D included (251 at baseline)

Samples collected at baseline and 1 year.



Approach: Cox Model

Weighted Cox Model:

h(t|A,Covariates) = hy(t)*exp(S,A+[,Covariate,+....3,CovariateN)
Barlow weights (1/Probability of selection).

Continuous and categorical (quartiles).

Test for trend using median values.

Two-sided p-values with a = 0.05.



Approach: Risk Score

Risk score construction:

n
Individual Risk Score = Z INT _Metabolite;; * [3;
i=1

INT_Metabolite; = quantity of INT metabolite i in individual j.

B; = regression coefficient for the metabolite (continuous) in the
fully adjusted Cox model.



Results

UREA CYCLE



Results: Descriptives

| subcohort | Cases
694 251
6.5 (5.7) 66.4 (5.7)
62.8 55.0
307 29.9
37.2 33.9
32.1 36.3
90.8 9.0
85.0 797
61.0 52.6
226 223
16.4 25.1
T A
299 (36) 30.8 (33)
Physical activity, METsd

238 (238) 249 (232)
2277 (566) 2327 (622) -

Physical activity, METs/d
- Total energy intake, kcal/d



Results: Correlation Matrix

Arginine Citrulline Ornithine ADMA SDMA NMMA

Arginine

Citrulline

Ornithine




Results: Intervention Change
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Adjusted Mean Metabolite S.D. (95% CI)

-0,2

0,25 Control MedDiet+EVOO MedDiet+Nuts

Changes are adjusted for age (years), sex (male, female), intervention group, body mass index (kg/m2), smoking (never, current, former), dyslipidemia,

hypertension, leisure time physical activity and baseline fasting glucose.




Results: Intervention Changes
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Changes are adjusted for age (years), sex (male, female), intervention group, body mass index (kg/m2), smoking (never, current, former), dyslipidemia,

hypertension, leisure time physical activity and baseline fasting glucose.




Results: Baseline Metabolites

251 cases, 694 subcohort

_ Quatrtile 1 Quatrtile 2 Quatrtile 3 Quatrtile 4 p-trend HR per S.D.
Multivariable models

1.00 (ref) 0.97 (0.60 —1.57) 0.74 (0.46—1.19) 1.05(0.61—1.80) 0.88  0.94(0.78 —1.14)
1.00 (ref) 1.47(0.91-2.39) 1.08 (0.67—1.75) 1.37(0.79-2.37) 047  1.04(0.86 - 1.25)
DGR 1.00 (ref) 0.97 (0.61—1.54) 0.80 (0.49 —1.30) 0.61(0.38—1.00) 0.04  0.82 (0.68 —0.97)
1.00 (refy ~ 1.02(0.64—162) 0.69(0.43—1.11) 0.96(0.60-156) 052  0.90 (0.76 — 1.08)
DONSBVANEN  100(refh)  0.66(0.42-1.03) 0.66(0.43-1.02) 0.41(0.25-0.69) <0.01  0.71(0.59 —0.85)
1.00 (ref) 0.97 (0.62-1.54) 1.10(0.71-1.71) 0.75(0.46—1.24) 036  0.93(0.79 — 1.11)
1.00 (refy ~ 0.92(0.58-1.46) 0.68(0.42—1.10) 1.24(0.76-2.03) 0.66  1.03(0.84 —1.25)
1.00 (ref) 1.08 (0.67—1.73) 0.91(0.56 —1.46) 1.44(0.86—2.41) 027  1.02(0.84-1.23)
1.00 (ref) 1.14 (0.61—2.13) 1.15(0.64—2.07) 1.41(0.73—-2.76) 031  1.09 (0.87 — 1.38)
1.00 (ref) 1.61(0.91—2.84) 1.40(0.78—2.50) 1.74(0.87—3.49) 017  1.21(0.97 - 1.53)
1.00 (refy ~ 1.04(0.60-1.80) 0.74(0.39-1.39) 0.88(0.49-156) 044  0.89 (0.72 - 1.09)
1.00 (ref) 0.82 (0.46 — 1.44) 0.85(0.51—1.42) 0.86(0.48—-1.53) 0.65  0.94(0.76 — 1.16)
DSBVANN  100(ef)  095(0.56-162) 0.70(0.42—-1.17) 0.57(0.29-1.12)  0.06  0.80 (0.65—0.99)
1.00 (ref) 0.65 (0.37 —1.14) 0.87 (0.52—1.48) 0.69 (0.40-1.21) 0.37  0.97 (0.79 — 1.19)
1.00 (ref) 1.23(0.70 — 2.18) 1.09 (0.59—2.00) 1.72(0.92-3.24) 013  1.16 (0.92 — 1.47)
1.00 (ref) 1.32(0.73-2.38) 0.95(0.51—-1.75) 1.39(0.76—2.55) 050  1.00 (0.79 - 1.27)

Multivariate models stratified by recruitment center and adjusted for age (years), sex (male, female), and intervention group (MedDiet+EVOO, MedDiet+nuts), body mass index (kg/m2),

smoking (never, current, former), leisure-time physical activity (metabolic equivalent tasks in minutes/day), dyslipidemia and hypertension.




Results: 1-Year Changes

Ornithine
Citrulline
ADMA
SDMA
NMMA
Arginine/ADMA
GABR

Ornithine
Citrulline
ADMA
SDMA
NMMA

Quatrtile 1 Quatrtile 2 Quatrtile 3 Quatrtile 4 p-trend
1.00 (ref) 1.12 (0.62 —2.02) 0.62 (0.34—1.13) 0.63 (0.32—1.21) 0.06
1.00 (ref) 0.55(0.28-1.07) 0.76 (0.40-1.45) 0.64 (0.33-1.25) 0.35
1.00 (ref) 0.82(0.45-1.51) 1.02(0.57-1.83) 0.64 (0.35-1.15) 0.23
1.00 (ref) 1.30 (0.75-2.25) 0.86 (0.46 —1.60) 0.97 (0.51 - 1.85) 0.63
1.00 (ref) 1.19 (0.63—2.22) 0.64 (0.27 —1.07) 0.84 (0.40 — 1.76) 0.28
1.00 (ref) 0.85(0.47 —1.54) 1.18 (0.63—2.22) 1.07 (0.53 —2.16) 0.64
1.00 (ref) 0.87 (0.47-1.59) 0.57 (0.30-1.08) 0.57 (0.27 — 1.23) 0.09
1.00 (ref) 0.56 (0.31—1.02) 0.72(0.38—-1.36) 0.55(0.27 —1.12) 0.18
1.00 (ref) 1.30 (0.64 —2.66) 0.64 (0.30—1.34) 0.49(0.22 -1.08) 0.03
1.00 (ref) 0.94 (0.45-2.01) 0.68 (0.32—1.44) 0.85 (0.37 —1.94) 0.53
1.00 (ref) 1.23 (0.59 —2.56) 1.45(0.70-3.00) 0.80(0.39 — 1.68) 0.68
1.00 (ref) 1.15 (0.57 —2.29) 0.84 (0.40—1.76) 0.87 (0.42 —1.83) 0.54
1.00 (ref) 0.81 (0.40 —1.67) 0.44 (0.20-0.93) 0.71(0.32 -1.57) 0.20
1.00 (ref) 1.00 (0.49 —2.02) 1.09 (0.51—2.31) 0.91 (0.38 —2.19) 0.89
1.00 (ref) 0.93(0.46-1.88) 0.35(0.15-0.81) 0.53 (0.23 -1.24) 0.04
1.00 (ref) 0.38(0.19-0.77) 0.52(0.25-1.07) 0.56 (0.26 — 1.21) 0.27

GABR

157 cases, 531 subcohort

HR per S.D.

0.77 (0.59 — 1.00)
0.88 (0.68 — 1.12)
0.85 (0.68 — 1.06)
0.93 (0.73 — 1.19)
0.84 (0.62 — 1.14)
1.06 (0.82 — 1.37)
0.84 (0.64 — 1.11)
0.87 (0.66 — 1.14)

0.71 (0.51 - 0.98)
0.95 (0.70 — 1.31)
0.87 (0.68 — 1.13)
0.94 (0.71 — 1.24)
0.82 (0.59 — 1.13)
1.07 (0.77 — 1.47)
0.73 (0.51 — 1.05)
0.83 (0.60 — 1.15)

Multivariate models stratified by recruitment center and adjusted for age (years), sex (male, female), and intervention group (MedDiet+EVOO, MedDiet+nuts), body mass index (kg/m2),

smoking (never, current, former), leisure-time physical activity (metabolic equivalent tasks in minutes/day), dyslipidemia, hypertension, and baseline metabolite values.




Results: Effect Modification by Baseline
Arginine/ADMA Ratio

o Continuous HR per 1 : :
Characteristic SD (95% Cl) P for interaction

Men (n=346) 0.88 (0.58 — 1.32) a0
Women (n=546) 1.60 (1.15 — 2.22) '
< 65 years (n=357) 1.64 (1.00 — 2.69)
Age 0.14
= 65 years (n=535) 1.04 (0.78 — 1.39)
Control group (n=295) 1.18 (0.77 — 1.81)
Intervention group mi‘;';%r)ra“ea“ eIt BUoe 1.64 (0.99 — 2.71) 0.09
Mediterranean diet + nuts (n=324) 1.08 (0.62 — 1.90)
< 30 kg/m? (n=473) 1.02 (0.73 - 1.42) -
> 30 kg/m? (n=419) 1.54 (1.08 — 2.19) '
_ Current/former smoking (n=366) 1.09 (0.76 — 1.56)
Smoking status - 0.99
Never smoking (n=526) 1.21 (0.83 - 1.75)
Hypertension No (n=74) 8.45 (1.86 — 38.36) '
1.30 (0.99 — 1.70) a0

Yes (n=752)
No (n=140)

0.49 (0.24 — 1.01)

Stratified by recruitment center and adjusted for age (years), sex (male, female), and intervention group (MedDiet+EVOO, MedDiet+nuts), body mass index (kg/m2), smoking (never, current,

former), leisure-time physical activity (metabolic equivalent tasks in minutes/day), dyslipidemia, hypertension, and baseline glucose.




Results

TRYPTOPHAN PATHWAY



Results: Correlation Matrix

Tryptophan 3-HAA KA

Tryptophan
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Results: Intervention Changes

KA
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Changes are adjusted for age (years), sex (male, female), intervention group, body mass index (kg/m2), smoking (never, current, former), dyslipidemia,
hypertension, leisure time physical activity and baseline fasting glucose.




Results: Baseline Metabolites

251 cases, 694 subcohort

P for

Quartile 1 trend

Quatrtile 2 Quatrtile 3 Quatrtile 4 H.R. per S.D.

Multivariable models

Tryptophan 1.00 (refy  1.28(0.80-2.05) 1.68(1.02—2.75) 1.18(0.67—2.08) 0.40  1.04 (0.86 — 1.26)
Kynurenic Acid 1.00 (refy 0.79(0.48-1.32) 1.17(0.75-1.84) 1.21(0.76-1.92) 0.21  1.10 (0.92 — 1.33)
3-HAA 1.00 (refy  1.01(0.64—-1.58) 0.72(0.44—1.18) 0.79(0.47-1.32) 0.21  0.91(0.75—1.10)
0l lsse i 1.00 (ref)  1.13(0.68-1.89) 1.51(0.89-2.55) 1.54(0.89-2.66) 0.08  1.14(0.93 — 1.39)

Multivariable models + baseline fasting glucose

1.00 (refy 1.97 (1.10-3.52) 3.26(1.75-6.09) 2.13(1.12—-4.05) 0.01  1.29 (1.04 — 1.61)
Kynurenic Acid 1.00 (refy  0.88(0.49-1.57) 0.99 (0.56—1.75) 1.13(0.65—-1.94) 0.59  1.07 (0.87 — 1.31)
3-HAA 1.00 (refy  1.01(0.56-1.80) 0.85(0.48-1.53) 1.05(0.58-1.91) 0.98  1.00 (0.80 — 1.24)

1.00 (refy 1.79(0.89-3.61) 2.95(1.47-5.93) 3.25(1.63-6.47) <0.01 1.38(1.11-1.71)

Multivariate models stratified by recruitment center and adjusted for age (years), sex (male, female), and intervention group (MedDiet+EVOO, MedDiet+nuts), body mass index (kg/m2),

smoking (never, current, former), leisure-time physical activity (metabolic equivalent tasks in minutes/day), dyslipidemia and hypertension.




Results: 1-Year Changes

157 cases, 531 subcohort

P for

Quartile 1 trend

Quatrtile 2 Quatrtile 3 Quatrtile 4 H.R. per S.D.

Multivariable models
Tryptophan 1.00 (ref)  1.22(0.67-2.24) 0.82(0.43-1.58) 0.93(0.47—-1.81) 0.57 0.97 (0.74 —1.26)
1.00 (refy  0.81(0.44—1.46) 0.48(0.25—0.93) 0.57(0.32—1.03) 0.02 0.81(0.64 —1.03)
3-HAA 1.00 (ref) 0.85(0.48-151) 0.88(0.51-152) 1.05(0.60-1.85) 0.85 1.03(0.84-1.26)

e ikl ool 1.00 (ref)  1.45(0.63-3.37) 1.31(0.62—2.76) 0.97 (0.40-2.33) 0.88  0.99 (0.74 — 1.31)

Multivariable models + baseline fasting glucose
Tryptophan 1.00 (refy  0.97 (0.48—-1.95) 0.91(0.43-1.96) 0.61(0.27-1.39) 0.25 0.92(0.66 —1.26)
Kynurenic Acid 1.00 (ref) 1.15(0.59-2.24) 0.57(0.25-1.31) 0.67(0.35-1.29) 0.09 0.85(0.66—1.10)

3-HAA 1.00 (ref)  0.87 (0.45-1.65) 0.91(0.48—1.72) 0.97(0.47-2.01) 0.97 1.02(0.79 —1.33)

fe i see - 1.00 (ref)  1.16 (0.46-2.90) 1.33(0.54-3.29) 0.83(0.31-2.28) 0.80  0.93 (0.65 - 1.32)

Multivariate models stratified by recruitment center and adjusted for age (years), sex (male, female), and intervention group (MedDiet+EVOO, MedDiet+nuts), body mass index (kg/m2),

smoking (never, current, former), leisure-time physical activity (metabolic equivalent tasks in minutes/day), dyslipidemia, hypertension, and baseline metabolite values.




Results: Effect Modification

Characteristic Continuous HR per

1 SD (95% Cl)

P for interaction

Men (n=346)

Women (n=546)

< 65 years (n=357)

> 65 years (n=535)

Control group (n=295)
Mediterranean diet + EVOO (n=273)

Mediterranean diet + nuts (n=324)

Current/former smoking (n=366)
_ Never smoking (n=526)

Yes (n=818)

Baseline Hypertension
No (n=74)

Yes (n=752)

Baseline Dyslipidemia

No (n=140)

Stratified by recruitment center and adjusted for age (years), sex (male, female), and intervention group (MedDiet+EVOO, MedDiet+nuts), body mass index (kg/m2), smoking (never, current,

1.64 (1.08 — 2.49)
1.45 (1.08 — 1.94)
1.44 (0.96 — 2.16)
1.65 (1.25 — 2.21)
1.71 (1.10 — 2.66)
1.62 (1.05 — 2.47)
1.01 (0.69 — 1.47)
1.46 (1.08 — 1.98)
1.36 (0.95 — 1.95)
1.44 (1.00 — 2.09)
1.48 (1.09 — 1.99)
1.39 (1.11 — 1.74)
N
1.39 (1.10 — 1.74)
1.67 (0.53 — 5.20)

former), leisure-time physical activity (metabolic equivalent tasks in minutes/day), dyslipidemia, hypertension, and baseline glucose.

0.16

0.01

<0.01

0.18

0.30

0.32

0.40



Limitations

*Causal inference
« Unmeasured confounding

» Correlated metabolites

*Generalizability issues
* Race

 High-risk population
« Eating patterns between U.S. and populations in the
Mediterranean regions

Differential loss to follow-up

* |If both baseline metabolite values and case status affect
dropout



Future Directions

-Additional tryptophan metabolites (kynurenine and
guinolinic acid)

*Alternate scores for urea cycle

*Mediation analysis
* Diet - Metabolites - T2D
» Metabolites 2 BMI - T2D

*Mutual adjustment for risk scores



Thank you

Frank Hu «Estefania Toledo

*Miguel Angel Martinez-Gonzalez *Cristina Razquin

*Clary Clish *Monica Bullo

Liming Liang *Adela Hruby

«Jordi Salas-Salvado *Christopher Papandreou
*Miguel Ruiz-Canela ‘PREDIMED Steering Committee
*Marta Guasch-Ferre

*Daniel Wang

*Yan Zheng



