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ABSTRACT - 230 words

Aim: The kynurenine pathway is increasingly recognised to play a role in inflammation and
disease. We assessed the cross-sectional and longitudinal associations of adiposity measures with

plasma concentrations of kynurenine pathway metabolites and traditional markers of inflammation.

Methods: We used data from 970 Melbourne Collaborative Cohort Study participants who had
plasma markers measured at baseline (median age 59 years) and follow-up (median age 70 years).
Linear regression was used to assess cross-sectional and longitudinal associations between four

adiposity measures and concentrations of 1) nine kynurenine pathway metabolites; ii) two derived

markers; iii) eight traditional inflammatory markers.

Results: Cross-sectionally, most kynurenine metabolites were strongly associated with adiposity
measures at both time points; associations were generally stronger than for most inflammation
markers except CRP (e.g. body mass index at baseline, quinolinic acid (per S.D. f=0.30, 95%CI:
0.24-0.36, P=102!), kynurenine ($=0.25, 95%CI: 0.19-0.31, P=10!) and CRP ($=0.31, 95%CTI:
0.25-0.37, P=102%), and these remained largely unchanged after adjustment for confounders.
Longitudinally, changes in adiposity measures over approximately a decade were positively
associated with changes in kynurenine metabolite concentrations (in particular for, 3-
hydroxyanthranilic acid, kynurenine and quinolinic acid), and more strongly so than for other

markers of inflammation, including CRP.

Conclusions: In middle-aged and older adults, plasma concentrations of kynurenine metabolites
are strongly associated with adiposity, both cross-sectionally and longitudinally. Our study
demostrates that kynurenine metabolites may be valuable markers to monitor the adverse

consequences of obesity.



1. Introduction

Obesity is a metabolic disorder defined as excessive adipose tissue accumulation and is a major
risk factor for poor health [1]. The aetiology of obesity is complex as many environmental, lifestyle,
socioeconomic, clinical and genetic factors contribute to dysregulating the balance between fat

deposition, energy intake and expenditure.

An important feature of obesity is a chronic, low-grade inflammatory state, which is a key
mechanism through which obesity causes diseases such as cancer, atherosclerosis, and type II
diabetes [2]. Adipose tissue produces and secretes chronic high concentrations of proinflammatory
markers known as adipokines, including interleukins-6 and 8 (IL-6, IL-8), and tumor necrosis
factor alpha (TNF-a) [3]. Circulating C reactive protein (CRP) concentration is widely used as an
indicator of the low-grade inflammatory process and is strongly increased in people with obesity
[4]. Serum concentrations of other biomarkers such as neopterin are modulated by inflammatory
cytokines and are associated with inflammation-related conditions such as cardiovascular diseases
[5]. Clinically, cystatin C is a biomarker of kidney function, which tends to be altered in people
with obesity [6] and is involved in various inflammation-related mechanisms via regulation of
macrophage responses to the cytokine interferon-y (IFN-y). Higher concentrations of traditional
inflammatory markers have been documented in the adipose tissue and plasma of people with
obesity, and their levels are reduced after weight loss, which suggests that obesity plays a causal

role in inflammation [7].

A growing body of evidence suggests that obesity-related systemic inflammation is associated with
alterations in the catabolism of tryptophan to NAD+ via the kynurenine pathway [8]. During
inflammation, IFN-y activates the indoleamine 2,3-dioxygenase enzyme (IDO), catalyzing the first

and rate-determining step of tryptophan catabolism through the kynurenine pathway [9]. There is



also a potential role for kynurenine metabolites and derived markers such as the kynurenine-
tryptophan ratio (KTR) and the PAr index (ratio of pyridoxic acid and pyridoxal + pyridoxal-5'-
phosphate) in chronic diseases involving inflammatory processes, immune response, and
excitatory neurotransmission [10-12]. To date, only a handful of studies have examined the
association between obesity and kynurenine pathway metabolites, and these were heterogeneous
in terms of study sample size, design, and included population [10, 13-16], for example focusing
on people with cardiovascular disease [10] or severe obesity [15] which are highly selected
population subgroups, and predominantly used BMI as a measure of adiposity, which does not
capture every aspect of obesity. Given the well-established involvement of inflammatory markers
in obesity, establishing potentially useful additional markers - such as kynurenine metabolites -
requires comparison of their relative strengths of association, but such comparisons have

essentially not been made beyond CRP.

We aimed to examine the cross-sectional and longitudinal associations of several adiposity

measures with kynurenine pathway metabolites and traditional markers of inflammation.

2. Methods

2.1. Study sample

The Melbourne Collaborative Cohort Study (MCCS) is a prospective cohort of 41,513 men and
women, 99.3% of whom were aged between 40 and 69 years at recruitment (1990-1994) [17]. All
participants were of white European background, the majority being born in Australia, and 13%
in Italy, 11% in Greece, and 6% in the U.K. At recruitment, blood samples were collected and

questions covering lifestyle, demographics and medical history were answered using self-



administered questionnaires. A first follow-up was conducted in 1995-1998, and a second follow-

up (2003-2007) repeated most baseline measures and collected additional blood samples.

Written informed consent was obtained from all participants. The study was approved by Cancer
Council Victoria’s Human Research Ethics Committee and performed in accordance with the

institution’s guidelines.

The details of the selection of participants in this study have been described previously [18, 19].
In brief, 1,100 MCCS participants who attended the second follow-up and had available blood
samples at baseline and follow-up were selected for studying longitudinal changes in DNA
methylation [20, 21]. Of these, 976 were selected for measurement of an extensive series of plasma

markers related to inflammation, the kynurenine pathway and B vitamin status [18, 19].
2.2. Body size and composition measurements

Weight, waist circumference, and hip circumference were measured at baseline and follow-up,
whereas height and bioimpedance were measured at baseline only. Waist and hip circumferences
were measured to 1mm using a metal anthropometric tape. Weight was measured to 100g using
digital electronic scales, height to Imm using a stadiometer. Single-frequency (50kHz) electric
current produced by a BIA-101A RJL system analyzer (RJL systems, Detroit, MI) was used to
perform bioelectric impedance analysis. Resistance and reactance were measured with subjects in
a supine position and used to calculate fat free mass (FFM) using the formula developed by

Roubenoff [22].
2.3. Biochemical analyses

Baseline plasma samples were collected in Lithium-heparin tubes between 1990 and 1994, and

second wave samples were collected into ethylenediaminetetraacetic acid (EDTA) tubes between



2003 and 2007. Plasma was stored in liquid nitrogen at -180°C from the time of collection until
shipment to the Bevital and IARC laboratories for biochemical analyses. Kynurenine metabolites,
including plasma concentrations of tryptophan (TRP), kynurenine (KYN), kynurenic acid (KA),
3-hydroxykynurenine (HK), xanthurenic acid (XA), anthranilic acid (AA), 3-hydroxyanthranilic
acid (HAA), picolinic acid (PIC) and quinolinic acid (QA), together with cystathionine, and
neopterin, were measured using chromatography-tandem mass spectrometry [23]. C-reactive
protein, serum amyloid A (SAA), calprotectin, and cystatin C were measured using matrix-assisted
laser desorption/Ionization-time of flight (MALDI-TOF) mass spectrometry [24]. The derived
markers kynurenine-tryptophan ratio (KTR) and the PAr index (4-pyridoxic acid / (pyridoxal+
pyridoxal-5'-phosphate)) were calculated. IL-6, IFN-y and TNF-o were measured using a Meso
Scale Discovery 6-Plex kit. Measurement of these biomarkers was shown to be reliable for use in

large-scale epidemiological studies [25].

2.4. Covariates

Smoking status was self-reported at baseline and follow-up and classified as never / former /
current smoking. Self-reported intakes of beer, wine, and spirits (for the previous week at baseline
and for the previous 12 months at follow-up) were combined and converted to grams of alcohol
per day. Physical activity information was also self-reported. At baseline, a score ranging from 0
to 16 was calculated based on the weekly frequency at which participants walked or engaged in
vigorous (double weight) and less vigorous activity over the last 6 months; at follow-up, total
physical activity information was collected using the Long Form International Physical Activity
Questionnaire (IPAQ-Long) and converted to metabolic equivalent of tasks per hour [26]. Dietary
data from a semi-quantitative food frequency questionnaire (FFQ) were used to calculate a

modified Mediterranean Diet Score (MDS), which ranged from 0 (lowest adherence) to 9 (highest



adherence) and was used as a proxy for overall diet quality [27]. Residential postcodes were used
to assign participants to a decile of the Socioeconomic Indexes of Areas (SEIFA), an area-based

measure of socioeconomic position.
2.5. Statistical analysis

Six participants were excluded from the analysis due to having missing values in more than 50%
of the markers. The proportion of missing values in any other individual variable was very low
(Table S1), and the random forest method missForest [28] was used to impute any missing values

to obtain a complete dataset of baseline and follow-up.

Baseline and follow-up measures of inflammatory markers were: i) log-transformed to obtain
distributions closer to Gaussian, ii) winsorized at +/- 3 standard deviations from the mean to
minimize the potential influence of extreme outliers, and iii) re-scaled to z-scores for easier
comparisons of effect size estimates. Adiposity measures were also rescaled to z-scores for easier
comparisons. Pearson correlations between adiposity measures were calculated using height-
adjusted measures (obtained by regressing each variable on height). Linear regression models were
used to obtain coefficient estimates and 95% confidence intervals (CI) for the cross-sectional and

longitudinal associations between adiposity measures and plasma markers.
2.5.1. Cross-sectional analyses

Cross-sectional associations were assessed separately at baseline and follow-up. We first examined
the association of markers in the kynurenine pathway with each of the following adiposity
measures: BMI, waist circumference, waist-hip ratio (WHR) and fat-mass ratio (FMR) (the latter
at baseline only). Model 1 adjusted for age, sex, country of birth, and height. Model 2 additionally

adjusted for socioeconomic status, alcohol consumption, smoking, and MDS. Sensitivity analyses



were performed by fitting two additional models: 1) Model 3 additionally adjusted for cystatin C
to control for the effect of renal function on kynurenine concentrations; ii) Model 4 included Model
2 variables and additional adjustment for CRP to determine whether associations were independent
of general inflammation. The same covariates as in Model 2 were used to assess associations of
adiposity measures with traditional inflammation markers including CRP, IL-6, IFN- vy, serum
amyloid A, TNF-a, cystatin C, calprotectin, and neopterin. To further compare the strengths of
association across adiposity measures, we extracted the R? statistics from baseline and follow-up

regression models.
2.5.2. Longitudinal analyses

We assessed the associations of changes in BMI, waist circumference and WHR from baseline to
follow-up with plasma concentrations of kynurenine pathway metabolites and general
inflammatory markers at follow-up, adjusting for baseline levels of these. The models were
adjusted for age, sex, country of birth, height, baseline smoking status, alcohol consumption,
socioeconomic status, MDS, physical activity, and time between baseline and follow-up. Baseline

adiposity measures were adjusted for in the models as appropriate.

3. Results

The median age of participants was 59 years at baseline and 70 years at follow-up. Participants
generally had normal BMI or were slightly overweight (at baseline median [interquartile range]
BMI: 26.4 [24.2-28.9]; at follow-up: 26.8 [24.3-29.4]), Table 1. The correlations (height-adjusted,
at baseline) of BMI with waist circumference, WHR and FMR were 0.83, 0.49 and 0.50,

respectively; of waist circumference with FMR: 0.26; and of WHR with FMR: -0.11 (Table 2).



3.1 Cross-sectional analyses

At baseline, QA had the strongest association with all measures of adiposity (e.g., BMI: =0.30,
95%CI: 0.24-0.36, P=5x10"23, Model 2), Figure 1 and Tables S2-S3. Associations were also
strong for KYN and KA (B=0.25, P=7x10"'¢ and p=0.23, P=4x10"!3, respectively), and positive for
other kynurenine metabolites including TRP, HAA, HK, AA (P<0.05, B coefficients ranging from
0.07 to 0.20). PIC was negatively associated with all measures of adiposity, albeit weakly (e.g.,
for BMI $=-0.10, 95%-CI: -0.16 to -0.04, P=0.001). The derived marker KTR showed a strong
positive association (e.g., for BMI p=0.19, 95%CI: 0.13-0.25, P=4x107'?) whereas the association
for the PAr index was weaker (=0.09, P=0.007). Several traditional inflammatory markers were
strongly associated with adiposity, including CRP (BMI: $=0.33, 95%CI: 0.27-0.39), SAA
(B=0.25, 95%CI: 0.19-0.31), and IL-6 ($=0.20, 95%CI: 0.13-0.26). Associations were positive but
weaker ($<0.11) for cystatin C, neopterin, calprotectin, TNF-a and IFN-y (Figure 1, Tables S2-
S3). The variance explained was greatest for models of BMI for 8/19 markers, FMR for 8/19

markers, waist circumference for 4 markers and WHR for one marker (Table S6).

Adjustment for confounders in Model 2 at baseline made virtually no difference to the results (e.g.
fat mass ratio: QA in Model 1: p=0.35, p=7x10"'%; QA in Model 2: f=0.34, p=3x10"'%), Figure S7.
The same was observed for other inflammatory markers (e.g., fat mass ratio — CRP, Model 1:

=0.40, and Model 2: f=0.39) and across adiposity measures.

Model 3 further adjusted for cystatin C, a marker of kidney function and strong determinant of
kynurenine marker concentrations. This resulted in small attenuation of regression coefficients,

for instance, B coefficient for BMI and QA decreased from 0.30 to 0.28 (Table S4, Figure S7).

The attenuation after adjustment for CRP (Model 4, Table S5, Figure S7) was somewhat more

substantial, for example the B coefficient for BMI and QA decreased from 0.30 to 0.24. Most
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kynurenine markers nevertheless remained strongly associated with adiposity measures in CRP-
adjusted models: KYN: p=0.20 (P=10'%), HK: p=0.16 (P=10%), KA: p=0.24 (P=10"3), XA:

B=0.14 (P=10), HAA: B=0.09 (P=10"), QA: B=0.24 (P=10""4), KTR: p=0.24 (P=10"14).

The overall patterns and strengths of associations observed at the follow-up visit were very similar
to baseline results (Figure S8 and Tables S9-S12). QA remained the marker most strongly
associated with adiposity measures (e.g. BMI in Model 1, f=0.29) and very strong associations
were observed for KA. KYN, HK, XA, and HAA (BMI: B: 0.24-0.28). Differences with the
baseline analysis included weaker or null association for TRP, neopterin and IFN-y. The variance
explained was greatest for 11/19 markers using the BMI variable, and for 5 and 3 markers using
waist circumference and WHR, respectively (Table S13). Sensitivity analyses with adjustment for

cystatin C or CRP did not materially change the strengths of associations (Tables S11-S12).
3.2. Longitudinal analysis

Figure 3 and Table S14 show the B coefficients for the association between change (A) in waist
circumference, BMI and WHR from baseline to follow-up and concentrations of kynurenine and
inflammation markers at follow-up. Several kynurenine metabolites showed strong longitudinal
associations, although these were generally weaker than in cross-sectional analyses. For example,
for ABMI, HAA: p=0.22, 95%CI: 0.16-0.28 (P=10"%); KYN: B=0.18 (P=10"'7); QA: B=0.17
(P=10"'"), KA: p=0.15 (P=10"), XA: B=0.15 (P=10%), which was greater than for CRP (p=0.11,
95%CI: 0.05-0.16, P=10*). Positive associations were also found for HK (f=0.11), TRP ($=0.09)
and KTR (B=0.08). Traditional inflammatory markers other than CRP showed weak or null
longitudinal association with adiposity measures (f<0.05). Longitudinal associations appeared

somewhat stronger for BMI than for other adiposity measures (Table S14).
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Discussion

Most kynurenine metabolites showed strong positive associations (to a varying degree across
markers) with adiposity measures, with generally similar strength and pattern at baseline (median
age 59 years) and follow-up (median age 70 years). In both the cross-sectional and longitudinal
analysis, the associations observed for kynurenine metabolites were generally greater than for

other markers of inflammation and remained strong after adjustment for CRP or cystatin C.

Our study had a sample size larger than most previous studies [13-16, 29] and provided reasonably
accurate estimates of association. Nevertheless, larger studies would be useful to shed more light
on some of our findings because the confidence intervals obtained across markers, adiposity
measures and time points were somewhat overlapping, and some inconsistent results were
observed, for example when contrasting results from baseline and follow-up analyses. Interestingly,
although the correlations between adiposity measures were only moderate or weak (except that of
BMI with waist circumference), all were strongly associated with marker concentrations. Analyses
were sequentially adjusted for a comprehensive set of confounders, which explained little of the
associations. A major strength of our study was the wide range of markers we investigated,
including 19 plasma markers or derived markers relevant to inflammatory processes. This allowed
the comparison of the relative strengths of association observed for kynurenine metabolites and
traditional markers of inflammation, which was largely not made in previous studies. Our findings
therefore offer a comprehensive insight into the relation between inflammation-related markers

and different facets of obesity.

Several limitations should be acknowledged. Although the measurement of the markers included
in our study is considered reliable for large-scale epidemiological studies, external studies using

the same technologies reported intraclass correlation coefficients ranging between 0.5 to 0.8 [30].
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This issue is not specific to our study and would have resulted in estimates biased toward the null
if measurement error was non-differential [31]. The longitudinal analysis was based on only two-
time points; additional time points would be useful to provide insights into the temporality and
stability of changes in adiposity and marker concentrations. Our study design also could not rule
out reverse causation, i.e. the possibility that changes in marker concentrations would be a driver
of obesity. Lastly, although there were no evident departures from linearity (as assessed using
scatter plots, not shown), models allowing for non-linearity might provide better data fits and be

of interest in future studies.

Our findings are overall consistent with the few previous studies on obesity and the kynurenine
pathway. The case-control study by Cussotto et al. [15] measured CRP, IL-6, KTR and TRP in
127 adults with obesity; BMI was positively associated with KTR but negatively associated with
TRP. Although we found a strong positive association between BMI and KTR (both cross-
sectionally and longitudinally), we found a weak positive association of TRP with BMI at baseline
and no association at follow-up. The study by Mangge et al. (N=527 adolescents and adults) found
no association of TRP with overweight/obesity [14]. Different participant characteristics might
explain discrepant findings as Cussotto et al. included participants with severe obesity who had
been selected for bariatric surgery due to pre-existing medical conditions, whereas the participants
in Mangge et al. and our study were healthier. The Hordaland Health Study [32] has participants’
characteristics similar to ours in terms of age, ancestry and health profile, and also reported a
weakly positive association of BMI with TRP. Given that TRP is derived from the diet, cross-
country differences in dietary habits may also have contributed inconsistent findings. While their
study also observed strong associations for KYN, KA, HK, HAA and KTR, other markers such as

QA, PIC, CRP or IL-6 were not evaluated. Favennec et al. included 836 randomly selected
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participants (mean BMI=27.8 kg/m?) from the DESIR cohort (Data from an Epidemiological Study
on the Insulin Resistance Syndrome) [16] and obtained findings consistent with ours, including
strong positive associations of BMI with KYN and KTR and weaker with TRP. Other
anthropometric measures such as waist circumference, hip circumference and WHR surprisingly
showed no associations with these markers. Other kynurenine metabolites and traditional
inflammatory markers were not evaluated. We also found that AA had positive associations with
all measures of adiposity at baseline and follow-up, unlike two other studies finding no association
[10, 32]. These were relatively weak compared with other kynurenine metabolites in both the

cross-sectional and longitudinal analysis.

A major finding of our study is that several kynurenine metabolites such as HAA, QA, KTR, KA,
KYN, HK had stronger associations with adiposity measures than most traditional inflammation-
related markers, except CRP. Such comparison was not possible in most previous studies because
only a few other markers were considered. Zahed et al. [33], using general population participant
data (88% with BMI<30 and 53% with BMI<25), measured kynurenine metabolites along with
CRP, neopterin and the PAr index and the findings were similar to ours. Taken together, the
existing data suggest that kynurenine metabolites may be better indicators of obesity-related

changes in metabolism than most established inflammation-related markers.

To our knowledge, hardly any studies have assessed longitudinal associations. The study by
Christensen et al. [13] followed 37 patients with severe obesity who underwent bariatric surgery
and assessed kynurenine metabolites, CRP, neopterin and KTR at baseline, month 3 and month 12.
Although somewhat difficult to compare because of its small sample size and different participants’

health profile, the findings were overall consistent with ours in showing: i) a decrease in KYN,
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KA, HK, XA, HAA, KA, CRP and KTR after surgery-related weight loss and ii) a small decrease

or no change for AA and neopterin.

The fact that the associations between kynurenines and adiposity measures were still strong after
adjusting for CRP and cystatin C suggests the existence of alternative mechanisms in addition to
obesity causing inflammation and IDO influencing TRP metabolism. Cussotto et al. [15] suggested
parallel pathways from obesity to TRP metabolism via inflammation and the gut microbiota, where
change in the gut microbiota composition in obesity could also alter TRP metabolism and thus
induce inflammation, independently of other routes involving, e.g. CRP and cystatin C. The
attenuation of coefficients from Model 1 to Model 2, 3 or 4 was no greater than 20%, suggesting
that the link between adiposity measures and kynurenine metabolites is essentially independent of
unhealthy lifestyle factors, poor renal function or systemic chronic inflammation (as assessed by
CRP only). While all adiposity measures showed a similar pattern of association, further
investigation is required to understand how different aspects of body size and composition are
physiologically associated with tryptophan metabolism, including their combined effect or using

optimised tools to assess obesity [34].

The strengths of associations observed in our study, in particular for QA, KYN, KA, HK, HAA,
XA, and KTR, suggest these markers should be further explored as clinical tools for monitoring
metabolic conditions as they are likely indicators of an inflammatory state and other altered
pathways mediating risk of obesity-related conditions. Previous research using the same data
showed associations of kynurenine metabolites with overall, cancer and cardiovascular mortality
[18], in line with other studies showing increased risks of cardiovascular disease, type Il diabetes,

and cancer [5, 10, 35]
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Our findings demonstrate that tryptophan catabolism is an important pathway in obesity, which
may reflect obesity-induced inflammation and possibly other mechanisms by which obesity causes
adverse health outcomes. These findings contribute to establishing kynurenine metabolites as

valuable markers to monitor the adverse consequences of obesity.
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Table 1. Characteristics of the participants in the Melbourne Collaborative Cohort Study (MCCS)
at baseline and follow-up visits included in this sub-study.

Baseline (1990-1994) Follow-up (2003-2007)
Sex, N (%)
Female 306 (32%)
Male 664 (68%)
Median age, years (IQR)" 59 (51-64) 70 (62-76)
Country of birth, N (%)
Aust/N.Z./other 749 (77%)
Greece 37 (4%)
Italy 79 (8%)
U.K./Malta 105 (11%)
Smoking status, N (%)
Never smoker 493 (51%) 492 (51%)
Current smoker 104 (11%) 55 (6%)
Former smoker 373 (39%) 423 (44%)
Median physical activity score (IQR)? 4 (1.5-6) 19 (7.4-35)
Median alcohol consumption (g/d) (IQR)* 7 (0-19) 10 (0-22)
Median MDS score (IQR)* 4 (3-6) 5 (4-6)
Median socioeconomic status 7 (3-9) 7 (4-9)
(SEIFA) decile (IQR)*
Body size and composition variables,
median (IQR)
Height (cm) 169.5[162.5-176.0] 169.5 [162.5-176.0]
Weight (kg) 76.3 [67.7-83.8] 76.9 [68.4-85.9]
Body mass index (kg/m?) 26.4 [24.2-28.9] 26.8 [24.3-29.4]
Waist circumference (cm) 89.1 [80.0-96.0] 95.0 [86.5-102.2]
Waist-hip ratio 0.89[0.81-0.94] 0.92 [0.86-0.96]
Fat mass ratio 0.3210.27-0.37] -

"IQR: interquartile range; * Physical activity scores reflecting the total equivalent of tasks, using different
questionnaires at baseline and follow-up; * At baseline, total alcohol consumption per day in the last week;
at follow up, total alcohol consumption per day in the last 12 months; * MDS: Mediterranean diet score
ranged 0-9. > SEIFA: Socio-Economic Indexes for Areas.
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Table 2. Pearson correlations between height-adjusted adiposity measures.

Height-adjusted Weight Waist Waist-hip Fat mass

measures' circumference ratio ratio
Baseline BMI 0.99 0.83 0.49 0.50

Weight 0.82 0.48 0.49

Waist circumference 0.81 0.26

Waist-hip ratio -0.11
Follow-up BMI 0.99 0.86 0.48

Weight 1 0.86 0.48

Waist circumference 1 0.78

! Correlations with height were at baseline / follow-up: BMI:-0.07/-0.07; weight: 0.58/0.54; waist
circumference: 0.38/0.33; waist-hip ratio: 0.40/0.39; fat mass ratio: -0.34/NA; Each measure was
regressed on height to obtain anthropometric measures that were independent of height.
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Figure 1. Associations between adiposity measures and concentrations of circulating

concentrations of markers of the kynurenine pathway and inflammation at baseline (1990-1994,

970 participants, median age 59 years). '
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Figure 2. Associations between change in body mass index (between baseline and follow-up)
and concentrations of circulating markers of the kynurenine pathway and inflammation at
follow-up ¥
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