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ABSTRACT

BACKGROUND

During development of cardiovascular disease (CVD), interferon-y-mediated
inflammation accelerates degradation of tryptophan into downstream metabolites. A
Mediterranean Diet (MedDiet) consisting of high intake of extra virgin olive oil, nuts,
fruits, vegetables, and cereals has been demonstrated to lower risk of CVD. The
longitudinal relationship between these metabolites and CVD in the context of a

MedDiet is unstudied.

OBJECTIVE
We sought to investigate the relationship between metabolites in the tryptophan-

kynurenine pathway and CVD in the context of diet.

METHODS

We employed a case-cohort design nested in the PREDIMED randomized controlled

trial. There were 231 CVD cases (stroke, myocardial infarction, vascular death) among
985 participants over a median of 4.7 y of follow-up [mean £ SD age: 67.6 + 6.1 y; 53.7%
women; mean + SD body mass index: 29.7 + 3.7 kg/m?]. We assessed plasma
tryptophan, kynurenine, kynurenic acid, 3-hydroxyanthranilic acid, and quinolinic acid
levels at baseline and after 1 year of intervention with MedDiet. We combined these

metabolites in a kynurenine risk score (KRS) by weighting each metabolite by the
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adjusted coefficient of its associations with CVD. Cox models were used in the primary

analysis.

RESULTS

Changes in tryptophan after 1 year were associated with lower risk of composite CVD
(hazard ratio [HR] per SD: 0.79; 95% CI: 0.63, 0.98). Baseline kynurenic acid was
associated with higher risk of myocardial infarction and CHD death, but not stroke. A
higher KRS was more strongly associated with CVD in the control group than in the 2
intervention groups (P-interaction: 0.003). Adjustment for tryptophan changes

attenuated the inverse association between MedDiet+EVOO and CVD.

CONCLUSIONS
Changes in tryptophan were significantly associated with decreased risk of CVD. A
MedDiet may counteract the deleterious effect of an unfavorable tryptophan-kynurenine

metabolite profile.

KEYWORDS: Metabolomics, Cardiovascular disease, Mediterranean diet, tryptophan
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ABBREVIATIONS

3-HAA, 3-hydroxyanthranilic acid
ANOVA, analysis of variance

BCAA, branched chain amino acids
BMI, body mass index

CHD, coronary heart disease

Cl, confidence interval

CVD, cardiovascular disease

EVOO, extra-virgin olive olil

HR, hazard ratio

ICAM-1, Intercellular adhesion molecule 1
IDO, indoleamine 2,3-dioxygenase
IFN-y, interferon-y

IL-6, interleukin 6

KA, kynurenic acid

KRS, kynurenine risk score

Kyn, kynurenine

LDL, low density lipoprotein

MedDiet, Mediterranean Diet

NAD, nicotinamide adenine dinucleotide
P, probability

PREDIMED, Prevencion con Dieta Mediterranea
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Q, quartile

QA, quinolinic acid
SD, standard deviation
Tryp, tryptophan

VCAM-1, Vascular cell adhesion protein 1
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INTRODUCTION

Inflammation has long been identified as an important component in the
pathophysiology of cardiovascular disease (CVD) (1). Interferon-y (IFN-y) is a key
molecule that orchestrates many pathways involved in inflammation by acting as a
transcriptional regulator for immune-related genes (2). Its excessive release by
activated T-lymphocytes has been implicated in the pathogenesis of chronic
inflammation and autoimmune disorders (3). IFN-y has also been shown to activate
macrophages, which are intimately involved in plaque formation, and can also trigger
the release of reactive oxygen species, a hallmark of subsequent atherogenesis and
progression of CVD(4). Another well-known consequence of IFN-y release is the
activation of the enzyme indoleamine 2,3-dioxygenase (IDO), which catabolizes

tryptophan into kynurenine (5). The classic kynurenine pathway, involves the

breakdown of tryptophan into downstream products such as kynurenine, kynurenic acid

and 3-hydroxyanthranilic acid, the latter of which is eventually converted into quinolinic
acid and picolinic acid (6). The final result is the production of one equivalent of
nicotinamide adenine dinucleotide (NAD) for every processed tryptophan molecule (7).
To date, most scientific literature regarding this pathway has focused on its relationship
to neurological disorders such as Alzheimer’s disease, Huntington’s disease, and
depression (8). These publications stem from the early finding that tryptophan is an
essential precursor to brain serotonin and melatonin (9). Some studies relating

tryptophan metabolites to CVD have reported inverse associations with tryptophan and

the risk of CVD (10-16). However, to our knowledge, no studies have examined whether



91 changes in tryptophan levels are prospectively associated with the incidence of CVD.
92  Furthermore, the effects of diet on metabolites of this pathway in relation to CVD have
93  not been investigated.
94 In the present case-cohort study nested in the PREvencion con Dleta
95 MEDiterranea (PREDIMED) trial, we used repeated measurements of these metabolites
96 to longitudinally assess: a) whether baseline and 1-year changes in tryptophan,
97  kynurenine, kynurenic acid, 3-hydroxyanthranilic acid (3-HAA), and quinolinic acid were
98 associated with future risk of CVD; b) whether these associations differed by the type of
99 CVD events (stroke vs. non-stroke events [i.e. coronary heart disease and non-stroke
100 related cardiac death]). In light of previous research on cognitive diseases, we
101  hypothesized that a favorable tryptophan profile would be more beneficial in preventing
102  stroke, as there may be common risk factors for both stroke and cognitive disorders,
103  such as inflammation or preclinical cerebrovascular disease; c) whether significant
104  associations could be counteracted by a Mediterranean diet (MedDiet); and d) whether
105 the cardioprotective effect of a MedDiet is attenuated after adjusting for changes in
106  these metabolites.
107
108 METHODS
109
110  Study population and design
111
112 The PREDIMED trial is a multicenter, randomized trial of dietary interventions

113 with a MedDiet supplemented with either nuts or extra-virgin olive oil (EVOO) for the
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primary prevention of CVD compared to a low-fat control group (17). Protocol, design,
and primary results are detailed elsewhere (18, 19). Briefly, 7447 eligible men and
women at high risk of CVD were randomly assigned to a MedDiet supplemented with a
free provision for the family of 1 L/week EVOO (MedDiet + EVOO), a MedDiet
supplemented with 30 g/day mixed nuts (15 g walnuts, 7.5 g hazelnuts, and 7.5 g
almonds) (MedDiet + nuts), or a control diet consisting of advice to reduce the intake of
all types of fat (control group). The primary endpoint was a composite CVD, defined as
stroke, myocardial infarction, or death from cardiovascular causes. Information on
primary end points was collected by physicians and from other sources of information,
such as the National Death Index. Only end points that were confirmed by the
adjudication committee and that occurred between October 2003, and December 2010,
were included in the analyses.

For the present study, we sampled approximately 10% of all PREDIMED
participants in a case-cohort design. A random selection of 791 participants was chosen
at baseline as subcohort. From the full cohort (including the subcohort), there were 231
CVD cases during follow-up and were included in the analysis. Of the CVD cases, 118
experienced a stroke (113 ischemic and 5 hemorrhagic), and 113 non-stroke events.
We excluded individuals from specific analyses if they were missing metabolite values
for that analysis. At baseline and at 1-year of follow-up, 896 and 806 participants had

valid measurements for all five metabolites, respectively.

Quantification of Metabolites
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Fasting plasma EDTA tubes were collected for all participants, and aliquots were
coded and kept refrigerated until they were stored at —80 °C. Pairs of samples (baseline
and first-year visits from each participant) were randomly ordered and shipped to the
Broad Institute of Harvard and MIT (Cambridge, MA, USA) for metabolomics analyses.
Liquid chromatography tandem mass spectrometry to quantitatively profile metabolites
in fasting plasma collected at baseline and year 1 of the intervention. Reference
standards were used to confirm metabolite identities. The details of this procedure are

described elsewhere (20, 21).

Statistical Analyses

Rank-based inverse normal transformations were used to transform the non-
normal distributions of the five metabolites under study (22). We calculated a
kynurenine risk score (KRS) using as weights the adjusted coefficients obtained in the
assessment of the association between the respective metabolite and the risk of CVD.
We first regressed composite CVD on each individual metabolite in a fully adjusted Cox
model, then multiplied the resulting beta by the normalized values for the corresponding
metabolite. These five products were then summed to produce the KRS. If any of the
individuals were missing any metabolite values, we did not calculate a KRS for that
individual. Each normalized metabolite was also analyzed according to its quartile
distribution. Quatrtile cutpoints were generated on the basis of the distributions of
metabolites and score among non-cases. Scores for acylcarnitines (20), BCAAs (21),

and ceramides were also calculated in this fashion. We conducted tests of linear trend
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by examining an ordinal score on the basis of the median value in each quartile of
metabolites and score in the multivariable models.

Baseline data by quartiles of the KRS were presented as means (+ standard
deviations) for continuous variables and N and percentages for categorical variables.
Baseline characteristics were compared across quartiles of the KRS using chi-squared
tests for categorical variables and one-way analysis of variance (ANOVA) for
continuous variables.

We used weighted Cox regression models with non-cases up-weighted by their
sampling fraction (22), and used robust variance to account for correlation between
observations (23). We calculated hazard ratios (HRs) and their 95% confidence
intervals (95% CIs) for the composite CVD end point, and also separately for stroke and
non-stroke cases (myocardial infarction and non-stroke CVD mortality). Follow-up time
was calculated from the date of enrollment to the date of diagnosis of CVD for cases,
and to the date of the last visit or the end of the follow-up period (December 1, 2010) for
non-cases. In model 1, we adjusted for age, sex, family history of CHD, smoking status,
and body mass index, and stratified by intervention group. In model 2, we additionally
adjusted for model 1 plus baseline hypertension, dyslipidemia, diabetes, and scores for
branched chain amino acids (BCAAS), acylcarnitines, and ceramides (previously
reported as associated with CVD in our cohort). For models including 1-year change
variables, we also adjusted for continuous baseline levels of that metabolite. We
additionally conducted subgroup analyses by restricting the analysis to the group of

interest. To test for effect modification, we used a likelihood ratio test to compare the
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model without interaction terms vs. model with interaction terms (indicator variable for
subgroup x KRS) among all participants.

For the mediation analysis of the MedDiet+EVOO, we report the coefficient for
the MedDiet+EVOO vs. control (excluding individuals allocated to the MedDiet+nuts
group) with and without adjustment for both baseline and change in tryptophan. We
repeated this analyses for MedDiet+nuts excluding the MedDiet+EVOO participants.

To calculate 1-year changes in metabolites, we performed an ANOVA for each
metabolites and calculated adjusted means of metabolite values at baseline and at 1
year, stratified by intervention group. We used paired t-tests to test if changes in
metabolites were significant within each arm of the trial.

For correlation among metabolites and scores, we used Spearman correlation
coefficients and p-values.

All statistical analyses were performed with SAS (v9.4, SAS Institute, Cary, NC)

and R (v2.13.0, R Foundation, Vienna, Austria).

RESULTS

Descriptive Results

Demographic and behavioral characteristics of the participants in the subcohort
with valid measurements of all five metabolites at baseline (n=724) are classified
according to quartiles of KRS in Table 1. Increasing quartiles of KRS were significantly
associated with age, % female sex, % hypertension, and % of current smokers. The

median follow-up time was 4.7 years.
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1-year changes in tryptophan metabolites according to intervention group are
shown in Supplemental Figure 1. Metabolites of those randomized to the MedDiet with
EVOO group uniformly decreased after 1-year. Using paired t-tests for the non-
transformed metabolite quantifications at baseline and 1-year, we observed significant
changes in: tryptophan and 3-HAA in the MedDiet with EVOO group, and kynurenic acid
and quinolinic acid in the MedDiet with nuts group.

Spearman correlation coefficients of tryptophan metabolites, branched chain
amino acids, ceramides, and acylcarnitine score are depicted in Supplemental Table 1.
In general, tryptophan metabolites had low to moderate correlations with each other (r =
0.00 to 0.48), low to moderate correlation with branched chain amino acid score (r =
0.03 to 0.49), and modest correlations with ceramides and acylcarnitine scores (r = -

0.29 to 0.14).

Individual Metabolites, Risk Score, and Composite CVD

Table 2 details the associations of baseline and 1-year changes of kynurenine
pathway metabolites with composite CVD incidence. Only baseline kynurenic acid was
associated with composite CVD risk in the fully adjusted model (HR per SD: 1.23; 95%
Cl: 1.02, 1.48; P < 0.05). Using 1-year changes, an increase in tryptophan was
associated with a significantly reduced risk in the categorical analysis (HR for Q4 vs. Q1:
0.49; 95% CI: 0.26, 0.95; P-trend < 0.05) models, as well as in the continuous analysis

(HR per SD: 0.79; 95% CI: 0.63, 0.98; P < 0.05)
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Since the kynurenine pathway has been examined most often in relation to brain
disorders, we hypothesized that associations of these metabolites would be stronger for
stroke than for non-stroke events. Using stroke as the outcome in Table 3, we found no
significant associations of any baseline metabolite concentration with stroke risk.
Furthermore, the inverse association observed for 1-year changes in tryptophan was
not present (HR per SD: 0.91; 95% CI: 0.70, 1.19; P = 0.49) when using stroke alone as
the outcome. In Table 3 when using only non-stroke events as the outcome, kynurenic
acid (HR per SD: 1.46; 95% CI: 1.12, 1.92; P < 0.05) was associated with higher
subsequent incidence of outcomes different from stroke (myocardial infarction or any
other cause of vascular death). Furthermore, the relationship between 1-year increase
in tryptophan and non-stroke outcomes was significantly associated with a lower risk of
events in both the continuous models (HR per SD: 0.65; 95% CI: 0.46, 0.91; P < 0.05)
and categorical models (HR for Q4 vs. Q1: 0.19; 95% CI: 0.06, 0.61; P-trend < 0.05). 1-
year changes in kynurenine were also inversely associated with non-stroke event risk in
the categorical analysis (HR for Q4 vs. Q1: 0.62; 95% CI: 0.28, 1.36; P-trend < 0.05).

In Table 4, using the KRS as exposure, we observed a similar pattern of
elevated incidence of the composite CVD outcome (HR per SD: 1.41; 95% CI: 1.14,
=1.75; P < 0.05), and a strengthened association with non-stroke events (HR per SD:
1.70; 95% CI. 1.27, 2.29; P < 0.001). We also considered the ratio of kynurenine to
tryptophan in Supplemental Table 2, but found no significant associations of this ratio
with any CVD outcome. Thus, we proceeded with the KRS to test effect modification by

a Mediterranean diet.
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Effect Modification by a Mediterranean Diet

In Supplemental Table 3, we sought to address whether several baseline
variables potentially modified the positive association of the KRS with CVD. We only
found significant interaction according to intervention group (P-interaction = 0.003), with
those in the control group experiencing a greater elevation in risk per SD increase (HR
per SD: 2.02; 95% CI: 1.31, 3.13) compared to the MedDiet + EVOO group (HR per SD:
1.27; 95% CI: 0.83, 1.94) and the MedDiet + nuts group (HR per SD: 1.23; 95% CI: 0.79,
1.92).

Figure 1 depicts the fully adjusted HRs stratified by intervention (combined
MedDiet vs. control) and quartiles of the baseline KRS. Compared to those randomized
to a MedDiet and in the lowest quartile of baseline KRS, we found a significant positive
association for individuals randomized to the control group and quartiles 2 — 4 of the

KRS, but not for those randomized to the MedDiet and quartiles 2 — 4 of the KRS.

Attenuation of the Benefits of a Mediterranean Diet by Tryptophan Changes

In Supplemental Tables 4 and 5 we explore the strength of the protective
association of a MedDiet before and after adjustment of tryptophan. When comparing
MedDiet + EVOO vs. control, adjustment for baseline and 1-year changes in tryptophan
attenuated the inverse association from HR per SD: 0.62; 95% CI: 0.38, 1.01 to HR per
SD: 0.95; 95% CI: 0.66, 1.36. This attenuation appeared to be weaker for stroke and

greater for non-stroke outcomes. However, when comparing MedDiet + nuts vs. control,
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we did not observe these patterns of attenuation. After controlling for baseline and 1-
year changes in tryptophan, the inverse association for the MedDiet + nuts only slightly
changed from HR per SD: 0.61; 95% CI: 0.37, 1.00 to HR per SD: 0.60; 95% CI: 0.35,

1.02. Similarly, effect size was lower for stroke events and higher for non-stroke events.

DISCUSSION

In the present case-cohort study, we report that lower baseline kynurenic acid
and higher baseline tryptophan, were associated with lower risk of non-stroke events,
and 1-year increase in tryptophan levels was strongly associated with lower risk of CVD
and non-stroke events. A combined score of five plasma metabolites in this pathway
(tryptophan, kynurenine, kynurenic acid, 3-hydroxyanthranilic acid, and quinolinic acid),
designed to summarize the pathway in a single parameter by maximizing predictiveness
of outcome within the present study, was significantly associated with the risk of hard
clinical events of CVD. Furthermore, consuming a MedDiet counteracted the harmful
effect of an unfavorable metabolite profile in the tryptophan-kynurenine pathway. Lastly,
changes in tryptophan may be involved in the cardioprotective benefits of the MedDiet.

The finding that tryptophan is inversely associated with CVD incidence is in line
with previous publications (24-26). However, we report no significant associations of
kynurenine/tryptophan ratio with any CVD outcome. Clinical studies have reported that
tryptophan degradation, as operationalized by low blood tryptophan levels or a high
kynurenine/tryptophan ratio, were predictive of coronary heart disease status (15),

elevated oxidative stress in patients with kidney dysfunction (13), and greater mean
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carotid artery intima-media thickness (27). Large scale epidemiologic studies have
reported positive associations of tryptophan catabolism (i.e. lower levels of tryptophan
and higher levels of downstream metabolites in the tryptophan-kynurenine pathway)
with primary acute coronary events (28), worse prognosis after diagnosis of coronary
artery disease (14), and greater risk of mortality from CVD(16).

Using repeated measurements of metabolites, our observation that baseline and
1-year increases in tryptophan are associated with lower risk of CVD events (especially
when stroke was excluded) needs to be compared with the existing literature which has
suggested that tryptophan levels are decreased in stroke patients compared to controls
(12), and that lower blood tryptophan concentrations are related to greater infarct
volume in stroke patients (11) and worse prognosis (29) and faster cognitive decline (30)
after stroke. Our results are consistent with an inverse association between tryptophan
and CVD, but they may differ from those of previous studies according to the subtype of
CVD event, given that we have not found a stronger effect for stroke than for other
events. A potential explanation might be that existing publications largely used cross-
sectional designs examining stroke patients at baseline, whereas we used a longitudinal
design for both the exposure and the outcome and followed disease-free individuals for
repeated measurements of metabolites after an intervention and also for incident
endpoints. Mangge et al. (31) suggested that decreases in tryptophan levels may be a
consequence of chronic low-grade inflammation, rather than a cause of disease. Our
findings of an inverse association between changes in tryptophan and non-stroke

endpoints would support the inflammation hypothesis for non-stroke events, given the
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anti-inflammatory properties of the MedDiet. However, further studies are needed to
elucidate the differing effects of tryptophan on stroke vs. non-stroke CVD events.

The causal role of tryptophan and kynurenine pathway metabolites in CVD
remains poorly understood. It is thought that IFN-y plays a central role in the activation
of IDO and subsequent degradation of tryptophan (4); however, activation of the
kynurenine pathway has also been shown to have anti-inflammatory effects (3).
Treatment of human peripheral blood mononuclear cells and monocyte-derived
macrophages with IFN-y attenuated the extent of low density lipoprotein (LDL) oxidation,
and tryptophan degradation in concert with 3-HAA formation was instrumental in this
inhibitory effect (32). 3-HAA has also been independently identified as having anti-
atherogenic properties by regulating lipid metabolism and inflammation (33, 34). Other
experimental studies suggest a beneficial effect of IDO on the vasculature. IDO-
deficient mice fed high-fat diets showed marked increases in F4/80 and TNF mRNA
levels, as well as greater hepatic inflammation compared to controls (35). IDO inhibition
also blunted the protective effects of eicosapentaenoic acid in LDLr" mice (31). In light
of the prevailing theme in experimental studies that IDO-mediated degradation of
tryptophan is beneficial, we speculate that activation of the tryptophan-kynurenine
pathway may be a compensatory mechanism to, rather than a cause of, inflammation
and cardiovascular dysfunction. Furthermore, since most individuals consume adequate
amounts of tryptophan (i.e. do not suffer from tryptophan deficiency), the protection
conferred by the MedDiet is unlikely to be related to greater availability of tryptophan

(36).
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The novel finding that a MedDiet may offset the deleterious effects of a high-risk
profile in metabolites of the tryptophan-kynurenine pathway also warrants discussion.
To our knowledge, this the first report of an association of tryptophan metabolites with
CVD in the context of a nutritional intervention in a large randomized trial. Previous
clinical trials have concluded that close adherence to a MedDiet has a beneficial effect
on inflammatory markers (37, 38), and other PREDIMED reports have noted that
participants randomized to the MedDiet interventions had lower incidence of CVD
events compared to those in the control group, even among those with comparable
levels of plasma branched chain amino acids (21) or acylcarnitines (20). These
publications, in addition to support the favorable interaction of the MedDiet with various
CVD biomarkers also point to the need of future experimental studies to clarify the
biological mechanisms underlying this effect.

The randomization of dietary interventions at baseline allowed us to study
possible mediating effects of tryptophan in the association between MedDiet and the
risk of CVD. We found that among the MedDiet + EVOO arm, adjustment for changes in
tryptophan attenuated the HRs for CVD. These results suggest a possible role of
tryptophan degradation (or preservation) as a mediator in the causal pathway of EVOO
consumption and CVD prevention. We acknowledge that our statistical power for
detecting interactions is limited. Consumption of both EVOO (39) and nuts (40, 41) has
been associated with reduced circulating levels of inflammatory biomarkers, although
the specific roles of IFN-y and tryptophan degradation in diets enriched with these foods
are not well characterized. Primary results from the PREDIMED trial also reported no

striking differences between the two MedDiet groups in relation to composite CVD or
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secondary outcomes (18). However, dietary exposure to walnuts has been
characterized by changes in various metabolites, including intermediate metabolites of
the tryptophan pathway (42). Future lines of inquiry should investigate the biological
roles of IFN-y, tryptophan, and related kynurenine metabolites in diets involving EVOO
or nuts.

Strengths of the present study include blood draws at repeated intervals to
assess changes in metabolites, the prospective design of the cohort, as well as
adjustment for potential confounders related to CVD. Our study also has limitations.
First, we did not measure all metabolites on interest in the tryptophan-kynurenine
pathway, such as picolinic acid or 3-hydroxykynurenine. Second, we cannot rule out the
possibility that concentrations of the metabolites were different between missing and
non-missing cases. Lastly, results from our study among a population of high-risk
participants living in the Mediterranean region may not be generalizable to individuals of
different demographics.

Our results indicate that 1-year changes in tryptophan are predictive of lower
CVD incidence and, especially, non-stroke incidence and that a score combining five
metabolites in the tryptophan-kynurenine pathway is also prospectively associated with
clinical cases of CVD. The harmful effects of an unfavorable tryptophan metabolite
profile were in part mitigated by consuming a MedDiet. The cardioprotective effect of
MedDiets supplemented with EVOO or nuts could be mediated in part by processes

associated with changes in tryptophan.
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Table 1. Baseline characteristics of the full sub-cohort according to quartiles of kynurenine risk score.

Kynurenine risk score

Q1 Q2 Q3 Q4 P value

n 180 181 179 188
Median Score -0.43 -0.14 0.08 0.41
Range -1.06 to -0.24 -0.24 to -0.03 -0.03t0 0.18 0.18t0 1.08
Age (years)’ 66.2 £5.8 66.8 £ 6.0 66.8 £5.8 69.0£5.7 <0.0001
Sex (% Women) 46.1 57.5 60.3 62.2 0.01
Body mass index, kg/m? 295+ 3.6 29.5+34 29.8+ 3.7 30.3+35 0.09
Intervention group, % 0.21

MedDiet+EVOO 33.3 32.6 40.2 44.2

MedDiet+nuts 34.4 37.0 29.1 30.3

Control 32.2 304 30.7 25.5
Family history of CHD, % 21.7 27.6 22.9 27.7 0.41
Hypertension, % 78.3 84.5 82.1 87.8 0.10
Dyslipidemia, % 71.1 74.6 73.2 73.4 0.90
Diabetes, % 47.2 40.3 53.6 47.9 0.09
Obesity (BMI = 30), % 43.3 40.3 46.9 53.2 0.08
Smoking, % <0.0001

Never 52.2 65.8 62.6 69.7

Former 22.2 23.2 26.8 26.6

Current 25.6 11.1 10.6 3.7

"Data are expressed as means * SD or percentage. P value for comparisons between cases and controls across quartiles (Pearson X” test for categorical variables or one way
ANOVA for continuous variables) as appropriate.
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Table 2. Hazard ratios (95% CI) for composite CVD (stroke, non-stroke, death from vascular causes) by baseline and 1-year changes in
plasma metabolites (tryptophan, kynurenine, kynurenic acid, 3-hydroxyanthranilic acid, quinolinic acid) as continuous and categorical

variables. Number of participants will vary according to availability of plasma metabolite quantifications.

Baseline!

Tryptophan Kynurenine Kynurenic Acid

3-HAA

Quinolinic Acid

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)

P 0.13 0.99 0.08
Metabolite in quartile categories, as compared to Q1 (reference)
Q2 0.91 (0.59 — 1.40) 0.86 (0.55-1.35) 1.49 (0.91 - 2.42)
Q3 0.67 (0.42 — 1.05) 0.93 (0.61 — 1.44) 1.39 (0.86 — 2.24)
Q4 0.75(0.48 - 1.19) 0.91 (0.59 — 1.40) 1.49 (0.92 — 2.40)
P-trend 0.12 0.76 0.14

0.82 (0.69 — 0.98)
0.03

0.83 (0.53 — 1.30)

0.62 (0.38 — 1.03)

0.69 (0.43 — 1.11)
0.07

1.03 (0.86 — 1.22)
0.77

0.93 (0.59 — 1.47)

0.99 (0.64 — 1.54)

1.17 (0.75 — 1.83)
0.46

Model 2, Metabolite as continuous variable, per SD

HR (95% Cl)  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 quartile categories, as compared to Q1 (reference)

Q2 0.95 (0.58 — 1.57) 1.27 (0.75 - 2.13) 1.58 (0.91 — 2.76) 0.72 (0.42 - 1.23) 1.00 (0.60 — 1.67)

Q3 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)

Q4 0.75 (0.40 — 1.44) 1.21 (0.73 - 1.99) 1.73 (0.97 — 3.10) 0.64 (0.36 — 1.16) 1.53 (0.91 - 2.57)
P-trend 0.21 0.55 0.08 0.22 0.11

1-Year Changes”
Tryptophan Kynurenine Kynurenic Acid 3-HAA Quinolinic Acid

Model 1, Metabolite as continuous variable, per SD

HR (95% Cl)  0.77 (0.64 — 0.94) 0.86 (0.69 — 1.06) 0.87 (0.73 — 1.04)

P 0.01 0.15 0.13
Metabolite in quartile categories, as compared to Q1 (reference)
Q2 1.18 (0.72 — 1.94) 0.79 (0.48 — 1.30) 0.95 (0.56 — 1.61)

Q3 0.75(0.44 - 1.27) 0.37 (0.20 - 0.70) 0.88 (0.50 — 1.53)

1.15 (0.91 — 1.45)
0.26

1.59 (0.79 — 3.19)
1.91 (0.91 — 3.99)

0.96 (0.80 — 1.15)
0.64

0.84 (0.48 — 1.47)
0.95 (0.54 — 1.66)
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Q4 0.49 (0.27 - 0.87) 0.68 (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 0.27 0.78
Model 2, Metabolite as continuous variable, per SD
HR (95% ClI) 0.79 (0.63 — 0.98) 0.85 (0.67 — 1.06) 0.93 (0.75 - 1.15) 1.15 (0.90 — 1.49) 0.92 (0.75-1.13)
P 0.03 0.15 0.52 0.27 0.42
Metabolite in quartile categories, as compared to 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)
Q3 0.72 (0.40 — 1.28) 0.39 (0.20-0.77) 1.00 (0.52 — 1.93) 1.37 (0.55 - 3.43) 0.97 (0.51 - 1.85)
Q4 0.49 (0.26 — 0.95) 0.60 (0.34 — 1.07) 0.84 (0.44 — 1.58) 1.32 (0.57 — 3.03) 0.78 (0.43-1.42)
P-trend 0.01 0.02 0.60 0.50 0.55

Model 1 was adjusted for age, sex, family history of CHD, smoking status, and body mass index, and was stratified by intervention group.

Model 2 was adjusted as for covariates in model 1, plus baseline hypertension, dyslipidemia, diabetes, and scores for BCAAs, acylcarnitines, and ceramides. For
change analyses, metabolites were adjusted for baseline values.

'Baseline analysis consisted of n = 986 participants and n = 231 cases for tryptophan, kynurenine, KA, and quinolinic acid, and n = 904 participants and n = 204
cases for 3-HAA.

21-year change analysis consisted of n = 908 participants and n = 162 cases for tryptophan, kynurenine, KA, and quinolinic acid, and n = 750 participants and n =
122 cases for 3-HAA.
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Table 3. Hazard ratios (95% CI) for stroke and non-stroke cases by baseline and 1-year changes in plasma metabolites (tryptophan,
kynurenine, kynurenic acid, 3-hydroxyanthranilic acid, quinolinic acid) as continuous and categorical variables. Number of participants
will vary according to availability of plasma metabolite quantifications.

STROKE
Baseline!
Tryptophan Kynurenine Kynurenic Acid 3-HAA Quinolinic Acid
Model 1, Metabolite as continuous variable, per SD
HR (95% CI) 0.97 (0.76 — 1.24) 0.97 (0.79 — 1.20) 1.05 (0.87 — 1.26) 0.78 (0.61 — 0.98) 0.91 (0.72 - 1.15)
P 0.81 0.79 0.65 0.04 0.42
Metabolite in quartile categories, as compared to Q1 (reference)
Q2 0.68 (0.38 — 1.22) 0.87 (0.49 — 1.54) 1.43 (0.79 — 2.61) 0.67 (0.37 — 1.21) 0.81 (0.45 - 1.46)
Q3 0.61 (0.34 -1.10) 0.80 (0.46 — 1.40) 1.00 (0.54 — 1.86) 0.69 (0.37 — 1.30) 0.95 (0.55 - 1.65)
Q4 0.95 (0.54 — 1.66) 0.89 (0.50 — 1.57) 1.16 (0.61 — 2.18) 0.63 (0.34 -1.17) 0.96 (0.54 -1.72)
P-trend 0.77 0.62 0.94 0.18 0.97
Model 2, Metabolite as continuous variable, per SD
HR (95% ClI) 0.98 (0.71 — 1.35) 1.02 (0.82 — 1.26) 1.06 (0.83 — 1.37) 0.76 (0.57 - 1.01) 1.05 (0.81 - 1.37)
P 0.89 0.89 0.63 0.06 0.72
Metabolite in quartile categories, as compared to Q1 (reference)
Q2 0.73 (0.38 —1.41) 1.22 (0.65 —2.30) 1.43 (0.72 — 2.82) 0.56 (0.28 - 1.12) 0.93 (0.49 - 1.75)
Q3 0.52 (0.25 -1.09) 0.90 (0.48 - 1.67) 1.07 (0.52 — 2.18) 0.87 (0.42 —1.80) 1.09 (0.58 — 2.05)
Q4 0.96 (0.43 - 2.16) 1.13 (0.60 — 2.12) 1.19 (0.55 - 2.61) 0.52 (0.24 -1.12) 1.26 (0.65 — 2.47)
P-trend 0.74 0.96 0.85 0.23 0.43
1-Year Changes”
Tryptophan Kynurenine Kynurenic Acid 3-HAA Quinolinic Acid
Model 1, Metabolite as continuous variable, per SD
HR (95% CI) 0.89 (0.70-1.12) 0.88 (0.66 —1.17) 0.90 (0.71 - 1.15) 1.27 (0.93 - 1.72) 0.87 (0.69 — 1.10)
P 0.32 0.37 0.41 0.14 0.24

Metabolite in quartile categories, as compared to Q1 (reference)
Q2 1.51 (0.79 — 2.90) 0.64 (0.33 — 1.26) 0.46 (0.22 — 0.99) 1.65 (0.63 — 4.31) 1.11 (0.54 - 2.27)
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Q3 0.88 (0.43—1.80)  0.44 (0.20 — 0.98)
Q4 0.84 (0.41-1.70)  0.67 (0.34 — 1.31)
P-trend 0.35 0.16

0.83 (0.41 — 1.68)
0.59 (0.28 — 1.23)

0.40

1.90 (0.68 — 5.31)
1.79 (0.65 — 4.92)

0.25

1.10 (0.54 — 2.25)
0.85 (0.43 — 1.70)
0.66

Model 2, Metabolite as continuous variable, per SD
HR (95% CI) 0.91 (0.70-1.19) 0.85 (0.63 —1.16)

0.97 (0.72 — 1.29)

1.24 (0.90 — 1.72)

0.85 (0.66 — 1.09)

P 0.49 0.31 0.81 0.19 0.20
Metabolite in quartile categories, as compared to Q1 (reference)

Q2 1.60 (0.82 — 3.16) 0.59 (0.28 — 1.25) 0.44 (0.18 — 1.04) 1.30 (0.46 — 3.74) 1.03 (0.46 — 2.29)

Q3 0.90 (0.42 -1.92) 0.51 (0.23 -1.14) 0.86 (0.38 - 1.92) 1.42 (0.41 — 4.85) 1.08 (0.49 — 2.36)

Q4 0.89 (0.42 — 1.92) 0.56 (0.26 — 1.18) 0.71 (0.31 - 1.58) 1.55 (0.53 — 4.56) 0.78 (0.37 - 1.63)
P-trend 0.46 0.12 0.78 0.43 0.54

NON-STROKE
Baseline®
Tryptophan Kynurenine Kynurenic Acid 3-HAA Quinolinic Acid

Model 12, Metabolite as continuous variable, per SD
HR (95% ClI) 0.78 (0.63 -0.97) 1.03 (0.85 —1.26)

P 0.03 0.74
Metabolite in quartile categories, as compared to Q1 (reference)
Q2 1.20 (0.67 — 2.16) 0.80 (0.43 - 1.50)
Q3 0.78 (0.42 — 1.44) 1.03 (0.58 — 1.85)
Q4 0.58 (0.30 - 1.11) 0.94 (0.52 -1.71)
P-trend 0.05 0.94

1.24 (1.02 — 1.51)
0.03

1.50 (0.73 — 3.09)

1.90 (0.96 — 3.76)

2.02 (1.02 — 3.97)
0.03

0.85 (0.69 — 1.06)
0.14

1.04 (0.56 — 1.91)

0.53 (0.26 — 1.10)

0.74 (0.40 — 1.40)
0.13

1.17 (0.92 — 1.47)
0.20

1.05 (0.57 — 1.95)

1.00 (0.54 — 1.86)

1.48 (0.80 — 2.73)
0.26

Model 2, Metabolite as continuous variable, per SD
HR (95% ClI) 0.76 (0.54 — 1.05) 1.10 (0.87 — 1.39)

P 0.09 0.42
Metabolite in quartile categories, as compared to Q1 (reference)
Q2 1.16 (0.60 — 2.26) 1.26 (0.60 — 2.65)
Q3 0.69 (0.33 -1.43) 1.49 (0.75 — 2.94)
Q4 0.52 (0.21 - 1.29) 1.33 (0.65 —2.74)
P-trend 0.10 0.39

1.46 (1.12 — 1.92)
0.01

1.77 (0.77 — 4.08)

2.49 (1.10 — 5.66)

2.89 (1.26 — 6.65)
0.01

0.85 (0.66 — 1.10)
0.22

0.99 (0.49 — 2.00)

0.81 (0.36 — 1.82)

0.74 (0.35 — 1.60)
0.39

1.30 (0.97 - 1.73)
0.08

1.12 (0.54 — 2.35)

1.10 (0.53 — 2.30)

2.05 (1.00 — 4.21)
0.07

1-Year Changes”
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Tryptophan

Kynurenine

Kynurenic Acid

3-HAA

Quinolinic Acid

Model 1, Metabolite as continuous variable, per SD

HR (95% CI)
P

Metabolite in quartile categories, as compared to Q1 (reference)

Q2

Q3

Q4
P-trend

0.64 (0.48 — 0.86)
0.003

0.93 (0.47 — 1.84)

0.63 (0.31 — 1.30)

0.22 (0.08 — 0.56)
0.001

0.82 (0.62 — 1.07)
0.15

0.94 (0.48 — 1.81)

0.27 (0.11 — 0.68)

0.64 (0.32 — 1.28)
0.03

0.82 (0.65 — 1.05)
0.11

1.69 (0.85 — 3.36)

0.79 (0.34 — 1.86)

0.79 (0.37 — 1.70)
0.24

1.04 (0.76 — 1.42)
0.82

1.59 (0.62 — 4.11)

2.03 (0.76 — 5.45)

1.19 (0.44 — 3.21)
0.64

1.03 (0.79 — 1.33)
0.84

0.59 (0.26 — 1.37)

0.81 (0.36 — 1.83)

0.90 (0.43 — 1.88)
0.99

Model 2, Metabolite as continuous variable, per SD

HR (95% CI)
P

Metabolite in quartile categories, as compared to Q1 (reference)

Q2

Q3

Q4
P-trend

0.65 (0.46 — 0.90)
0.01

0.84 (0.39 — 1.84)

0.55 (0.24 — 1.27)

0.19 (0.06 — 0.61)
0.003

0.81 (0.60 — 1.09)
0.17

0.98 (0.48 — 2.00)

0.22 (0.07 — 0.64)

0.62 (0.28 — 1.36)
0.02

0.85 (0.64 — 1.14)
0.29

2.14 (0.91 — 5.04)

1.08 (0.39 — 2.97)

0.98 (0.38 — 2.51)
0.62

1.09 (0.78 — 1.53)
0.61

1.30 (0.39 — 4.36)

1.45 (0.40 — 5.28)

1.20 (0.37 — 3.88)
0.73

0.96 (0.71 — 1.30)
0.81

0.59 (0.22 — 1.57)

0.84 (0.30 — 2.35)

0.74 (0.31 - 1.77)
0.70

Model 1 was adjusted for age, sex, family history of CHD, smoking status, and body mass index, and was stratified by intervention group.

Model 2 was adjusted as for model 1, plus baseline hypertension, dyslipidemia, diabetes, and scores for BCAAs, acylcarnitines, and ceramides. For change
analyses, metabolites were adjusted for baseline values.
'Baseline analysis for stroke consisted of n = 872 participants and n = 118 cases for tryptophan, kynurenine, KA and quinolinic acid, and n = 804 participants and n
=103 cases for 3-HAA. Non-stroke cases are excluded.
21-year change analysis for stroke consisted of n = 835 participants and n = 86 cases for tryptophan, kynurenine, KA, and quinolinic acid, and n = 692 participants
and n = 63 cases for 3-HAA. Non-stroke cases are excluded.
®Baseline analysis for non-stroke consisted of n = 868 participants and n = 113 cases for tryptophan, kynurenine, KA and quinolinic acid, and n = 800 participants
and n = 100 cases for 3-HAA. Stroke cases are excluded.
*1-year change analysis for non-stroke consisted of n = 825 participants and n = 76 cases for tryptophan, kynurenine, KA and quinolinic acid, n = 687 participants
and n = 59 cases for 3-HAA. Stroke cases are excluded.
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Table 4. Hazard ratios (95% CI) for composite CVD, stroke only, and non-stroke only by baseline kynurenine risk score among
participants with available data for all five metabolites under study.

Outcome
Composite CVD Stroke Only Non-Stroke Only
n 896 797 793
cases 202 103 99

Model 1, Metabolite as continuous variable, per SD
HR (95% ClI) 1.33 (1.11 — 1.60) 1.17 (0.91 — 1.50) 1.56 (1.22 — 2.00)
P 0.002 0.22 <0.001
Metabolite in quartile categories, as compared to Q1 (reference)
Q2 1.49 (0.88 — 2.50) 1.17 (0.62 — 2.20) 1.97 (0.92 — 4.22)
Q3 1.03 (0.60 — 1.78) 0.75 (0.38 - 1.47) 1.48 (0.68 — 3.23)
Q4 2.11 (1.26 — 3.52) 1.37 (0.70 — 2.65) 3.72 (1.80 - 7.71)
P-trend 0.02 0.64 0.002
Model 2, Metabolite as continuous variable, per SD
HR (95% ClI) 1.41 (1.14 — 1.75) 1.27 (0.94 — 1.71) 1.70 (1.27 — 2.29)
P 0.002 0.12 <0.001
Metabolite in quartile categories, as compared to Q1 (reference)
Q2 1.60 (0.89 — 2.86) 1.34 (0.66 — 2.76) 2.07 (0.86 — 5.01)
Q3 1.00 (0.55 - 1.82) 0.71 (0.33 - 1.55) 1.59 (0.67 — 3.78)
Q4 2.41 (1.36 — 4.27) 1.76 (0.80 — 3.88) 4.11 (1.84 - 9.19)
P-trend 0.02 0.40 0.002

Model 1 was adjusted for age, sex, family history of CHD, smoking status, and body mass index, and was stratified by intervention group.

Model 2 was adjusted as for covariates in model 1, plus baseline hypertension, dyslipidemia, diabetes, and scores for BCAAs, acylcarnitines, and ceramides.
Kynurenine risk score was built by multiplying normalized individual metabolites (tryptophan, kynurenine, KA, 3-HAA, quinolinic acid) by their beta coefficient in a
fully adjusted model with that metabolite alone and then summing up the products for each metabolite x coefficient value. The weights were -0.13474 for
tryptophan, 0.0558 for kynurenine, 0.20359 for kynurenic acid, -0.20066 for 3-hydroxyanthranilic acid, and 0.13657 for quinolinic acid.



Figure 1. Multivariate adjusted HRs (95% CI) of composite CVD by quatrtiles of baseline kynurenine risk score stratified by intervention
group (Mediterranean interventions combined versus control group) among participants with available data for all five metabolites under

study (n=896).
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Supplemental Table 1. Spearman correlation heatmap of baseline plasma metabolites under study (tryptophan, kynurenine, kynurenic
acid, 3-hydroxyanthranilic acid, quinolinic acid) and scores of plasma metabolites related to CVD (branched chain amino acid,

ceramides, and acylcarnitine score).

*P < 0.05; **P < 0.01; ***P < 0.001
Abbreviations: 3-HAA, 3-hydroxyanthranilic acid; BCAAS, branched chain amino acid score; CS, ceramide score; KA, kynurenic acid; Kyn, kynurenine; LAS, long
acylcarnitine score; MAS, medium acylcarnitine score; QA, quinolinic acid; SAS, short acylcarnitine score; Tryp, tryptophan.

Tryp KA 3-HAA Kyn QA CS SAS MAS LAS BCAAS

Tryp 0.13*** 0.29*** 0.22%** 0.00 -0.04 -0.17%** -0.08** 0.13*** 0.49***

KA 0.13*** 0.28*** 0.29*** 0.31*** -0.09** -0.24%** 0.14%** 0.13*** 0.30***

3-HAA 0.29*** 0.28*** 0.20*** 0.18*** 0.00 -0.18*** -0.05 0.01 0.41%**
Kyn 0.22%** 0.29*** 0.20*** 0.48*** 0.10** -0.16%** 0.14%** 0.07* 0.06
QA 0.00 0.31*** 0.18*** 0.48*** 0.00 -0.29*** 0.06* -0.04 0.03
CS -0.04 -0.09** 0.00 0.10** 0.00 0.04 0.07* 0.18*** 0.04

SAS -0.17** | -0.24** | -0.18** | -0.16*** | -0.29*** 0.04 0.08* 0.05 -0.14***
MAS -0.08** 0.14*** -0.05 0.14%** 0.06* 0.07* 0.08* 0.49*** 0.07*

LAS 0.13*** 0.13*** 0.01 0.07* -0.04 0.18*** 0.05 0.49*** 0.17%**

BCAAS 0.49*** 0.30*** 0.41*** 0.06 0.03 0.04 -0.14%** 0.07* 0.17%**
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Supplemental Table 2. Association of baseline plasma kynurenine/tryptophan ratio on composite CVD, stroke only, and non-stroke only

among participants with available data for both kynurenine and tryptophan under study.

Baseline
Composite CVD Stroke Only Non-Stroke Only
n 984 866 871
cases 231 118 113
Model 1, Metabolite as continuous variable, per SD
HR (95% CI) 1.07 (0.91 — 1.26) 0.99 (0.79 — 1.24) 1.17 (0.94 — 1.45)
P 0.44 0.89 0.15
Metabolite in quartile categories, as compared to Q1 (reference)
Q2 1.39 (0.89 — 2.19) 1.13 (0.64 — 1.99) 1.70 (0.91 -3.17)
Q3 1.12 (0.71 - 1.76) 0.96 (0.54 - 1.68) 1.34 (0.70 — 2.57)
Q4 1.32 (0.84 — 2.07) 1.02 (0.57 — 1.81) 1.80 (0.97 — 3.37)
P-trend 0.42 0.90 0.14
Model 2, Metabolite as continuous variable, per SD
HR (95% CI) 1.10 (0.91 - 1.37) 1.01 (0.79 — 1.30) 1.22 (0.95 - 1.57)
P 0.32 0.93 0.11
Metabolite in quartile categories, as compared to Q1 (reference)
Q2 1.67 (0.81 —3.41) 1.16 (0.48 — 2.82) 2.60 (0.95-17.12)
Q3 1.39 (0.54 — 3.55) 1.14 (0.36 — 3.65) 2.07 (0.56 — 7.60)
Q4 1.57 (0.41 - 5.93) 1.10 (0.20 — 6.10) 2.96 (0.50 — 17.47)
P-trend 0.60 0.93 0.30
1-Year Change
Composite CVD Stroke Only Non-Stroke Only
n 904 829 818
cases 161 86 75

Model 1, Metabolite as continuous variable, per SD
HR (95% CI) 1.05 (0.86 — 1.29) 0.89 (0.67 —1.17) 1.27 (0.96 — 1.68)
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P 0.64 0.38 0.10
Metabolite in quartile categories, as compared to Q1 (reference)

Q2 0.75 (0.44 — 1.28) 0.61 (0.32 — 1.20) 1.05 (0.47 — 2.37)
Q3 0.89 (0.52 - 1.52) 0.44 (0.21 - 0.93) 1.87 (0.88 — 3.96)
Q4 1.03 (0.61 —1.74) 0.69 (0.36 — 1.31) 1.77 (0.80 — 3.93)
P-trend 0.77 0.17 0.07

Model 2, Metabolite as continuous variable, per SD

HR (95% CI) 1.03 (0.83 — 1.30) 0.85 (0.63 — 1.15) 1.28 (0.92 - 1.77)
P 0.79 0.30 0.14
Metabolite in quartile categories, as compared to Q1 (reference)

Q2 0.71 (0.39 — 1.29) 0.57 (0.28 — 1.18) 0.95 (0.38 — 2.41)
Q3 0.76 (0.42 — 1.38) 0.34 (0.15-0.80) 1.69 (0.73 — 3.95)
Q4 1.00 (0.56 — 1.80) 0.63 (0.31-1.30) 1.78 (0.71 — 4.42)
P-trend 0.95 0.12 0.10

Cases occurring within one year of follow-up were excluded. For analyses using stroke as the endpoint, non-stroke cases were excluded, and for analyses using

non-stroke as the endpoint, stroke cases were excluded.
Model 1 was adjusted for age, sex, family history of CHD, smoking status, and body mass index.
Model 2 was adjusted as for model 1, plus baseline hypertension, dyslipidemia, diabetes, and scores for BCAAs, acylcarnitines, and ceramides.
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Supplemental Table 3. Subgroup analysis for the associations between baseline kynurenine risk score and risk of composite CVD

among participants with available data for all five metabolites under study (n=896).

Characteristic

Continuous HR?!
per 1 SD (95% ClI)

P-interaction

Men (n=419)

1.59 (1.19 — 2.13)

Sex Women (n=477) 1.26 (0.90 — 1.75) 0.23
< 65 years (n=312) 1.58 (0.91 - 2.77)
Age > 65 years (n=584) 1.39 (1.09 — 1.79) 0.73
Control group (n=281) 2.02 (1.31-3.13)
Intervention group Mediterranean diet + EVOO (n=330) 1.27 (0.83 — 1.94) 0.003
Mediterranean diet + nuts (n=285) 1.23 (0.79 - 1.92)
. > 30 kg/m? (n=406) 1.32 (0.93 — 1.88)
Obesity < 30 kg/m? (n=490) 1.68 (1.18 — 2.39) 0.07
: Current/former smoking (n=365) 1.79 (1.21 - 2.64)
Smoking status Never smoking (n=531) 1.46 (1.05 — 2.02) 0.81
Family history of Yes (n=215) 1.18 (0.72 - 1.93) 0.68
CHD No (n=681) 1.56 (1.21 —2.02) '
. Yes (n=450) 1.26 (0.95 — 1.66)
Baseline T2D No (n=446) 1.83 (1.26 — 2.67) 0.06
Baseline Yes (n=749) 1.40 (1.10-1.79) 0.88
Hypertension No (n=147) 1.42 (0.64 — 3.16) '
Baseline Yes (n=631) 1.50 (1.14 — 1.98) 051
Dyslipidemia No (n=265) 1.40 (0.91 - 2.16) '

"Hazard ratios were adjusted for age, sex, family history of CHD, smoking status, body mass index, baseline hypertension, dyslipidemia, diabetes, and scores for

BCAAs, acylcarnitines, and ceramides and were stratified by intervention group.
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Supplemental Table 4. Analysis for mediation by plasma tryptophan change for the Mediterranean diet with extra virgin olive oil vs.

control.
Outcome
Composite CVD Stroke Only Non-Stroke Only
n 630 574 556
cases 130 74 56

Model 1
MedDiet+EVOO vs. Control
HR (95% CI) 0.66 (0.44 — 1.00) 0.63 (0.38 — 1.06) 0.69 (0.37 - 1.26)
P 0.05 0.08 0.22
Adjusted for 1-year tryptophan change and baseline tryptophan
HR (95% CI) 0.91 (0.72 - 1.15) 0.68 (0.39 - 1.19) 0.88 (0.43 -1.83)
P 0.42 0.18 0.74
Model 2
MedDiet+EVOO vs. Control
HR (95% CI) 0.62 (0.38 — 1.01) 0.56 (0.30 - 1.02) 0.69 (0.33 — 1.44)
P 0.05 0.06 0.33
Adjusted for 1-year tryptophan change
HR (95% ClI) 0.95 (0.66 — 1.36) 0.62 (0.68 — 1.26) 0.93 (0.40-2.17)
P 0.77 0.60 0.86

Cases occurring within one year of follow-up were excluded. For analyses using stroke as the endpoint, non-stroke cases were excluded, and for analyses using

non-stroke as the endpoint, stroke cases were excluded.

Model 1 was adjusted for age, sex, family history of CHD, smoking status, and body mass index.

Model 2 was adjusted as for model 1, plus baseline hypertension, dyslipidemia, diabetes, and scores for BCAAs, acylcarnitines, and ceramides.
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Supplemental Table 5. Analysis for mediation by plasma tryptophan change for the Mediterranean diet with nuts vs. control.

Baseline
Composite CVD Stroke Only Non-Stroke Only
n 575 520 523
cases 107 55 52

Model 1
MedDiet+nuts vs. Control
HR (95% CI) 0.62 (0.40 — 0.95) 0.48 (0.27 — 0.86) 0.78 (0.43 — 1.40)
P 0.03 0.01 0.40
Adjusted for 1-year tryptophan change and baseline tryptophan
HR (95% CI) 0.57 (0.35-10.93) 0.47 (0.24 - 0.90) 0.70 (0.34 — 1.44)
P 0.02 0.02 0.33
Model 2
MedDiet+nuts vs. Control
HR (95% CI) 0.61 (0.37 — 1.00) 0.43 (0.22 - 0.84) 0.89 (0.45-1.77)
P 0.05 0.01 0.73
Adjusted for 1-year tryptophan change
HR (95% CI) 0.60 (0.35-1.02) 0.47 (0.23 - 0.98) 0.83 (0.36 — 1.88)
P 0.06 0.04 0.65

Cases occurring within one year of follow-up were excluded. For analyses using stroke as the endpoint, non-stroke cases were excluded, and for analyses using

non-stroke as the endpoint, stroke cases were excluded.

Model 1 was adjusted for age, sex, family history of CHD, smoking status, and body mass index.
Model 2 was adjusted as for model 1, plus baseline hypertension, dyslipidemia, diabetes, and scores for BCAAs, acylcarnitines, and ceramides.
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Supplemental Figure 1. Changes in plasma tryptophan, kynurenine, kynurenic acid, 3-hydroxyanthranilic acid, quinolinic acid, and
kynurenine risk score from baseline to 1 year (of intervention), stratified by intervention group.
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*Abbreviations: 3-HAA, 3-hydroxyanthranilic acid; KA, kynurenic acid; KRS, kynurenine risk score; Kyn, kynurenine; QA, quinolinic acid; Tryp, tryptophan.



