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Abstract

Most studies examining the association between 2ypi@betes (T2D) and amino acids have
focused on fasting concentrations. We hypothedizat] besides fasting concentrations,
amino acid responses to a standardized meal chelkere also associated with T2D. In a
cross-sectional study of 525 participants (165 gedidgnosed T2D, 186 newly-diagnosed
impaired fasting glycaemia, and 174 normal fasghgose), we examined postprandial
amino acid concentrations and the responses (defs¢he concentrations and responses
150 minutes after a standardized meal) of fourtaemo acids in relation to T2D. T2D was
associated with lower postprandial concentratioseven amino acids compared to the
normal fasting glucose group (lowest effect esterfat serine: -0.54 standard deviations
(SD) (95% CI: -0.77, -0.32)), and higher concemnrat of phenylalanine, tryptophan,
tyrosine and (iso-)leucine (highest effect estinfatgiso-)leucine: 0.44 SD (95% CI: 0.20,
0.67)). Regarding the meal responses, T2D was iassdavith lower responses of seven
amino acids (ranging from -0.55 SD ((95% CI): -Q.7®833) for serine to -0.25 SD ((95% CI:
0.-0.45, -0.02) for ornithine). We conclude thaDTi8 associated with postprandial
concentrations of amino acids and a reduced anuigonaeal response, indicating that these

measures may also be potential markers of T2D.



Introduction

Research has focused on identifying pathophysickdgiathways for the development of
type 2 diabetes (1). Profiling an individual’s gidlmetabolism, or metabolomics, has shown
to be a promising technique to investigate alteretin metabolism in type 2 diabetes,
because it allows probing the endpoints of mangatis relevant biological processes in a
single experiment (2). Several studies have alréaay performed in the field of
metabolomics and type 2 diabetes (3). Especiadigcentrations of plasma amino acids have
been associated with the risk of developing typeabetes, both in cross-sectional and
longitudinal studies (4-11). In almost all studilee branched-chain amino acids (valine,
leucine and isoleucine) have been associated yp#h2 diabetes risk. It has been
hypothesized that these branched-chain amino adigldere with mitochondrial metabolism
of fatty acids (12). However, many other amino adidve also been shown to be involved,
including phenylalanine (4-7, 9, 11), tyrosine§47, 9, 11), glutamine (6), glycine (8, 9, 11),
arginine (5), histidine (8), ornithine (5), proli{®, 6, 10) and tryptophan (9).

So far most large scale studies were performedrdadgng conditions, and did not
examine the effect of nutritional interventionsgisas glucose or meal challenges. A recent
study showed that physiological challenges incr@aster-individual variation even in
phenotypically similar volunteers, revealing ‘medalpes’ that were not observable in
fasting metabolite profiles (13). A long fastingipe leads to standardization of the
metabolic state. However, the current-day humary lmah a non-fasting state for the greater
part of the day. Therefore, non-fasting readoutsiefabolic processes are essential to assess
the pathophysiology of metabolic disorders, becalusse represent the combined exposure
to a perturbed metabolism. One population-basety/sin the effect of an oral glucose
tolerance test (OGTT) observed that all amino aoicentrations decreased after the

challenge (14). The authors also observed thasébeucine the response to the OGTT was



less pronounced in individuals with insulin resist@ (14). Conversely, a recent small
interventional study showed that T2D was associaiduhyperaminoacidaemia after a meal
challenge (15). This metabolic inflexibility, exgesed by an abnormal response to an OGTT
or a meal, is assumed to be associated with aeased risk of disease. Therefore, studies
focused on both fasting measurements and aftanadatdized meal challenge, will give a
more complete and accurate picture of the metapalicways that are affected in diseases
such as type 2 diabetes (16).

Here, we set out to investigate the behavior ohanaicid metabolism in type 2
diabetes under nutritional challenge conditions.tRs purpose, we examined the
concentrations of fourteen amino acids in 174 idigls with newly diagnosed type 2
diabetes, 186 individuals with newly diagnosed imgghfasting glycaemia, and 165 persons
with normal fasting glucose, before and after agdadized meal. We hypothesize that non-
fasting amino acid concentration and the amino eesgonses to a meal challenge will give
more insight into the pathophysiological mechanigmslved in type 2 diabetes than fasting

concentrations alone.



Resear ch Design and M ethods

Sudy Design

This study was embedded in the Netherlands Epidegyaf Obesity (NEO) study, a
population-based, prospective cohort study desigmauvestigate pathways that lead to
obesity-related diseases (17). The NEO study staeteruitment in 2008 and includes 6,671
individuals aged 45-65 years, with an oversampdiingdividuals with overweight or
obesity. The Medical Ethical Committee of the Leidéniversity Medical Center (LUMC)
approved the study. All participants gave theirtt@n informed consent.

Participants were invited to a baseline visit atON&udy center of the LUMC after an
overnight fast. Prior to this study visit, partiaigs completed a general questionnaire at
home to report demographic, lifestyle and clinicdbrmation. At the baseline visit,
participants underwent an extensive physical exatiwn, including anthropometry, and
fasting blood samples were drawn (17). Within Sutés after the fasting blood draw, a
standardized liquid mixed meal (400mL, 600 kCathwli6 En% protein, 50 En%
carbohydrates, and 34 En% fat) was consumed anblseguent blood sample was drawn
after 30 and 150 minutes. For the present analysesnly measured amino acids
concentrations in a fasting state and 150 mintiftes the meal challenge. We selected
participants with and without newly diagnosed innpdifasting glucose and type 2 diabetes

on the basis of their baseline measurements asiloleddelow.

Population and diabetes classification

From the 6,671 participants of the NEO study, pgoréints were selected without (1) a
history of type 2 diabetes or impaired fasting gigmaia and (2) the use of any glucose- or
lipid-lowering drugs. Information on diabetes staai baseline was verified via medical

records of the general practitioners of the pgréints. A history of diabetes was defined as



the presence of a diagnosis coded in the medicatds with International Classification of
Primary Care (ICPC) codes T90 (diabetes mellitog,tgpe), T90.1 (type 1 diabetes
mellitus) or T90.2 (type 2 diabetes mellitus) watllate of diagnosis before the date of the
baseline study visit. A history of impaired fastigilgcaemia was defined according to the
presence of ICPC codes A91.05 or B85.01 (both iredaglucose tolerance) in absence of
codes T90, T90.1 or T90.2, with a date of diagnbsisre the baseline study visit.

The participants were then classified into thresugs as described by the World
Health Organization (18). Newly diagnosed typeadbdies was defined as having a fasting
glucose>7.0 mmol/L at the baseline measurement withoue&ipus history of type 2
diabetes. Newly diagnosed impaired fasting glycaenas defined as having a fasting
glucose concentratior6.1 mmol/L and <7.0 mmol/L at the baseline measergrnwithout a
previous history of impaired fasting glycaemiaypéd 2 diabetes. Participants with a fasting
glucose concentration 6.0 mmol/L were considered having a normal fastjlugose.

Metabolomics data (see below) were collected inbesoup of 533 participants. All
participants with newly diagnosed type 2 diabete<l{5) were selected, which was
complemented by random subset of the participartsnvewly diagnosed impaired fasting
glycaemia (n=186) and normal fasting glucose (n31@he participant (n=1) was excluded
due to missing fasting glucose concentrations.madditional quality control step, we
compared fasting glucose concentrations with fgdtexose concentrations (which contains
>90% glucose). Data were excluded from seven paatits due to fasting glucose
concentrations that deviated more than +1.5 stahdieviation from fasting hexose
concentrations as measured as part of the metalmsd@malyses, leaving 525 participants for

the analyses.

Metabolomics



Metabolomic measurements were performed in botffiei$teng and postprandial blood
samples at t=150 minutes after meal at the Genonadysis Center at the Helmholtz
Zentrum Miinchen, Germany using the Biocrates Alieid@™ p150 kit (BIOCRATES

Life Science AG, Innsbruck, Austria) and ESI-FIA-NM& measurements (19). The p150
assay is a lipidomics assay, covering a wide rafgeyl-carnitines, sphingolipids, and
glycerophosphocholines, complemented by a set af@atid measures and hexose
concentrations. The method of Absolm®™ p150 kit has been proven to be in agreement
with FDA-Guidelines. The assay was applied follogvihe manufacturer's instructions and
has been described in detail before (19, 20). lerstudy, we examined fourteen amino
acids (thirteen proteinogenic amino acids and bima) both in a fasting state and after the
meal challenge. In addition xLeucine (xLeu) wasd®ined, which actually is the sum of
leucine and isoleucine concentrations. Five amaidsacould not be determined by the high
throughput assay (p150) used in this study (ala@searagine, aspartic acid, glutamic acid,
and lysine). The measurement of other blood paremséglucose, HbAlc, and lipid profile)

has been described previously (17).

Satistical analyses

First, we examined the response of the fourteem@mcid concentrations to the meal
challenge using paired t-tests in each group. Thging linear regression we examined the
relation of diabetes state and each amino acidesdration by calculating effect estimates
with 95% confidence intervals, adjusting for sed age (model 1), or sex, age and BMI
(model 2). We performed the linear regressiontioeé distinct comparisons: (1) normal
fasting glucose (reference) versus type 2 diab&gsormal fasting glucose (reference)
versus impaired fasting glycaemia, and (3) impafasting glycaemia (reference) versus

type 2 diabetes. We examined both the effect diedes state on fasting and postprandial



amino acids concentrations, in addition to the @asp of the meal challenge [aminoagig)

— [aminoacigyg]). Subsequently, we examined whether the assoniatith postprandial

amino acid concentrations and responses to thechalénge differed between men and
women by repeating the linear regression stratifigdex. Finally, to examine whether the
association between type 2 diabetes and aminaesbnse is explained by fasting insulin
concentrations, postprandial insulin concentratmmisisulin resistance, we repeated the
linear regression of amino acid response on diabatiitionally adjusting for fasting insulin
and insulin resistance (using the homeostatic mastssment of insulin resistance, HOMA-
IR ([glucose x insulin]/22.5)) (21).

All statistical analyses were performed in Statd I3tataCorp, Texas, USA). For all
regression analyses, amino acid concentrations #+emre normalized (i.e. standardized to
a mean of zero with a standard deviation of 1) &keneffect estimates comparable. As a
result, the effect estimates are expressed in atdrakeviations of amino acid concentration.
We report both nominal significance levels (p<0.88¢ after Bonferroni correction (p <

1.19 x 10° (=0.05/(14 x 3 comparisons))).



Results

The key characteristics of the study participanégsshown in Table 1. Age and body mass
index were higher in the impaired fasting glycaeamd type 2 diabetes groups than in the
normal fasting glucose group. In Table 2 and Figur@b the fasting and postprandial amino
acid concentration are shown, stratified by diabsetate. In all three groups (normal fasting
glucose, impaired fasting glycaemia and type 2eted), arginine, methionine, ornithine,
phenylalanine, proline, tyrosine, tryptophan, valand (iso-)leucine concentrations increased
after the meal challenge, while glycine concentragidecreased in all groups. For histidine,
serine and threonine, there was a postprandiaaserin the participants with normal fasting
glucose and a decrease in participants with typaf2etes.

Table 3 shows the results from the linear regoes@ipe 2 diabetes versus normal
fasting glucose) for amino acid concentrations fasting state, postprandial, and for the
amino acid responses to the meal challenge. Aflieising for age, sex and BMI, type 2
diabetes was associated with lower fasting glyaime valine concentrations (lowest effect
estimate for glycine: -0.40 standard deviations)(&5% CI: -0.62, -0.18)), and higher
fasting phenylalanine, tryptophan, tyrosine and-jisucine concentrations associated with
type 2 diabetes (highest effect estimate for (isagine: 0.62 SD (95% CI: 0.42, 0.81)). In a
postprandial state, type 2 diabetes was assoaiatedower concentration of seven amino
acids (lowest effect estimate for serine: -0.54(8% CI: -0.77, -0.32)), and higher
concentrations of phenylalanine, tryptophan, tyresind (iso-)leucine (highest effect
estimate for (iso-)leucine: 0.44 SD (95% CI: 0.2®7). Regarding the meal response, lower
responses were observed in type 2 diabetes fonssueo acids. Effect estimates ranged
from -0.55 SD ((95% CI): -0.78, -0.33) for seriwe-0.25 SD ((95% CI: -0.48, -0.02) for
ornithine. For thirteen of the fourteen amino acbsception Tryptophan) the effect estimate

was negative. Regarding the sex-stratified anajygpe 2 diabetes was associated with a



more negative response in men than in women (T&bJewith this sex-interaction being
significant in seven of the fourteen amino acids.

Table S2 show the results from the linear regresaialyses for the impaired fasting
glycaemia versus normal fasting glucose. Higheirfgconcentrations of four amino acids
(methionine, phenylalanine, tyrosine and (iso-)lieetwere found in impaired fasting
glycaemia, while valine concentrations was lowethim impaired fasting glycaemia group.
Postprandially, impaired fasting glycaemia was eissed with higher concentrations of
phenylalanine, tryptophan, tyrosine and (iso-)leaciFor the meal responses, impaired
fasting glycaemia was only associated with a losggme response (in contrast to seven
amino acids associated with type 2 diabetes (Ta)ldRegarding the comparison between
the type 2 diabetes and impaired fasting glycagmoap, several associations were observed
in fasting state (six associations), postprandakgnine associations) and for the meal
response (seven associations) (Table S3). Howtheseffect estimates were generally
smaller than those observed in the comparison legtwes type 2 diabetes and normal
fasting glucose groups. For nearly all associatshsvn in Table 3, Table S2 and Table S3,
the effect estimates attenuated after adjustmemNt. Finally, we examined the potentially
confounding effect of insulin concentrations (btakting and postprandial) and insulin
resistance (defined by HOMA-IR) in the associatietween amino acid response and type 2
diabetes by adding these variables into the mdadlé S4). Compared with the effect
estimates for the responses shown in Table 3,dhm pstimates marginally shifted towards
to the null in all amino acids, but for all sevessaciated amino acids from Table 3 the effect

estimate remained below one.
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Discussion
To examine how amino acid metabolism (both faséind non-fasting) is affected in type 2
diabetes we studied the response of fourteen aauis to a standardized meal challenge in
relation to impaired fasting glycaemia and typadbdtes. The mixed meal of the meal
challenge contained 16 En% proteins. We expectagd tirough protein degradation in the
gut and subsequent uptake of amino acids and @fgajes via enterocytes, the amino acid
concentrations would in general increase aftentbal challenge (13). In the current study
most amino acids increased, but glycine decredsexdthe meal challenge, irrespective of
type 2 diabetes. Glycine is essential for the coiwa of primary bile acids to conjugated
bile acids in the liver. Therefore, our findings shbkely reflect increased hepatic clearance
of postprandial glycine to replenish the conjugdigel acid pool in the gall bladder (22).

We were able to confirm several already known daioos between fasting amino
acid concentrations and type 2 diabetes (e.g. phlamne) (4-11). An important exception
in our study was valine, of which concentrationsenewer in both the fasting and especially
in the postprandial state amongst participants typle 2 diabetes. One possible explanation
for this finding is that none of the participantere taking any glucose- or lipid lowering
drugs, thus warranting further investigation irfte tole of valine in type 2 diabetes under
physiological conditions. Interestingly, we obse&fweore associations amongst the
postprandial amino acid concentrations than irfakeng state. Furthermore, almost all the
amino acid responses to the meal challenge wererlmaparticipants with type 2 diabetes.
Prior to the study, it was difficult to predict wther the amino acid response would mirror
the response of glucose and lipids metabolism @ujglor whether amino acids response
would be lower in participants with type 2 diabetesleed, for almost all amino acids a
lower response was observed in type 2 diabetes @@upo the normal fasting glucose

group. For example, histidine, serine and threonoreentrations increased after the meal
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challenge in participants with a normal fastingogise, but decreased in participants with
type 2 diabetes. Adjusting for insulin concentrasi@r insulin resistance only slightly
changed the effect estimates for the associatitmea® amino acid responses and type 2
diabetes, indicating that the lower response ig paltly explained by insulin resistance or
beta-cell function. Since insulin resistance lowescellular uptake of postprandial glucose
as well as fatty acids from the circulation in papants with impaired fasting glycaemia and
type 2 diabetes, it could be hypothesized thatwigld also be true for circulating amino
acids. However, our data indicate that the cellufgtake of amino acids is not influenced by
insulin resistance. Interestingly, we observed ithdlhe impaired fasting glycaemia group the
amino acid concentrations (fasting and postprapdial the responses were generally
intermediate between the normal fasting glucosetla@dype 2 diabetes groups, indicating
that such physiological changes have already pacityrred in participants with impaired
fasting glycaemia.

The associations between type 2 diabetes and thmatid response attenuated after
additionally adjustment for BMI, indicating thatdymass partly explains the relation
between amino acids and type 2 diabetes. Thisrgidi in line with most metabolomics
studies that adjust for BMI as a measure of obe$hgre has been evidence for sex
dimorphism regarding fasting amino acid concerdreti(23). A stronger relationship
between several amino acids and type 2 diabetesifaalin resistance) amongst men than
women has been described previously (7, 24). Irctineent study, we also found evidence
for a stronger association in men between typeaBeales and amino acid response than in
women. Insulin resistance of protein metabolismfbaad to be most pronounced in men
(25). This sex effect may be due to differenceth@émetabolic regulation through sex
hormones (7) and differences in fat distributiotwsen the sexes could also play a role (7,

25).
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Some methodological aspects should be considerethjér strength of the current
study was that all participants were naive to dragtment (6). In most cross-sectional
metabolomics studies on type 2 diabetes the paatits were using glucose- or lipid-
lowering drugs, which could influence the resuis10, 26). We did not perform any
matching in our study and instead adjusted for gates, while some metabolomics studies
have been performed in matched case-control desigage, sex and BMI (4, 8). Studies
have shown that matching gives similar resultsfiés adjustment for covariates, but
diminishes statistical power (27). Many metabolarstudies on type 2 diabetes confirmed
the diagnosis based on questionnaire or by a phpsiSince we were assessing newly
diagnosed patients, we used fasting glucose toeldfie diabetes state. Unfortunately, we
only had a single measurement and no oral gluaseanhce test as is recommended by the
World Health Organization (18). Therefore, thereyrha some misclassification in the
diabetes classification. This misclassification rbayassumed to be random and would
therefore attenuate the size of the effect estisnaw@ard the null. Also, the associations
observed in this study with amino acid responsesvbased on only one postprandial
measurement (150 minutes), leaving it unclear hp& £ diabetes may be associated with
amino acid fluctuations over a longer time courfsera meal. Additionally, we examined
fourteen amino acids that are highly correlatedach other, due their interlinked
biochemical pathways (Table S5). Many metabolorsiadies use a Bonferroni correction
for multiple testing. However, due to these higlrelations between the amino acids, this
type of correction would be overly conservative. iNerefore decided to show whether the
p-values were significant at both a nominal andafBrroni-corrected level. Finally, studies
have yet to show whether amino acids truly plagasative role in the pathophysiology of
type 2 diabetes, or whether they are merely a mafkeexamine whether the observed

associations could be explained by insulin reststame adjusted for fasting insulin and
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HOMA-IR. The implementation of a glucose clamp tegtich is the golden standard for
insulin sensitivity, was unfeasible in such a lapggulation-based cohort study. Also, many
recent studies were performed in a follow-up sgttih 9, 11, 28), which is suitable for
disease prediction of potential biomarkers. Butheifrom these prospective follow-up
studies nor from cross-sectional studies, suchasurrent, can one determine whether the
lower amino acid response observed in participatits newly diagnosed type 2 diabetes is
part of the pathophysiological pathway, or whetherdisease is causing this lower meal
response.

In conclusion, studies on non-fasting amino acidcemtrations, and especially amino
acid responses to meal challenges, can give a coonplete picture of the
pathophysiological mechanisms involved in typedbdies. However, it remains unclear
whether these lower responses are causative feaghs Furthermore, longitudinal studies
will need to be performed to examine whether a loaveino acid response can be used as a

potential screening tool for early detection ofdypdiabetes.
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Table 1. Characteristics of the study population, stradifisy disease state.

Normal fasting
glucose (n=174)

Impaired fasting

glycaemia (n=186)

Type 2 diabetes
(n=165)

Demogr aphic/Anthropometric
Age (years)
Males (%)
BMI (kg/m?)

Fasting blood measures

55.5 (46.0 — 65.0)

84 (48.3)

28.1 (20.7 - 36.7)

Glucose (mmol/L) 5.3(4.5-6.0)
Insulin (MU/L) 9.1 (3.6 -28.1)
HOMA-IR 22(0.7-7.3)

HbAlc (%) 53(4.9-57)

HbAlc (mmol/mol)

34.4 (30.0 — 38.4)

58.0 (46.0 — 65.0) 8.0%47.0 — 64.0)

118 (63.4)

29.9 (25.1 — 38.5)

6.3 (6.1 — 6.8)
13.5 (6.1 — 29.3)

3.9 (1.7 - 8.6)

5.5 (5.1 — 6.0)
36.6 (32.5 -2

90 (54.6)
31.5 (2642.9)

5 7.0 - 12.1)
7.1(6.4 — 46.6)
6.0 (2.28:1)
6.0 (5.8.6)

42.1 (34.4 — 70.5)

Total cholesterol (mmol/L) 5.8(4.3-7.8) 5.9 (4.4.9) 59@.3-7.7)
HDL-cholesterol (mmol/L) 1.5(0.9-2.3) 1.3 (0.24) 1.2 (0.8-1.8)
LDL-cholesterol (mmol/L) 3.8(2.2-5.5) 3.7 (2.34) 3.7(2.4-5.4)
Triglycerides(mmol/L) 1.0(0.4-2.7) 1.4 (0.6 4x. 1.7 (0.8 —3.6)
Serum creatinine (Lmol/L) 78 (57 — 103) 77 (59} 97 74 (55 -99)
eGFR-MDRD (mL/min/1.73 m2) 81 (63 — 108) 86 (66081 87 (64 — 115)
ASAT (U/L) 23 (16 — 35) 24 (17 - 44) 25 (16 — 55)
ALAT (U/L) 22 (12 -53) 28 (16 —59) 33(14-83)

Values represent medians (90% range).

Normal fasting glucose: Fasting gluces6.0 mmol/L
Impaired fasting glycaemia: Fasting glucasé.1 mmol/L and <7.0 mmol/L

Type 2 Diabetes: Fasting glucos&.0 mmol/L
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Table 2: Differences between postprandial and fasting aragid concentrations stratified by diabetes state.

Normal fasting glucose (n=174)

Impaired fastingcgkemia (n=186)

Type 2 diabetes (n=165)

Fasting Postprandial Fasting Postprandial Fasting Postprandial
Amino acid

Arginine 78.1 (55.4 — 104.3) 82.3 (52.9 — 1094)* 80.8 (58.2 — 106.9) 83.7 (57.0 — 113.0)** 76.3%—-100.1) 78.7 (54.9 — 100.6)
Glutamine 524.3 (412.5-619.4) 526.7 (411.2 —-®39. 522.3 (429.8 — 638.0) 527.6 (416.8 — 637.8) &0414.4 — 607.3) 491.1 (385.7 — 608.3)*
Glycine 221.3 (150.7 — 384.4) 196.0 (133.0 - 3p6.7  205.2 (151.0 — 340.6) 179.2 (120.9 — 284.2)* 9115 (137.3 — 290.5) 158.4 (116.0 — 255.4)**
Histidine 63.0 (51.7 — 82.0) 65.8 (50.7 — 82.0)** 63.4 (48.7 = 77.7) 63.8 (47.7 —79.3) 62.6 (507B:3) 59.7 (45.2 — 74.2)**
Methionine 32.6 (24.2-41.6) 39.4 (28.0 — 52.6)** 34.1 (25.4 - 43.8) 40.2 (28.5 - 52.7)** 33.1(2643.9) 37.0 (25.0 — 49.9)**
Ornithine 62.7 (39.9 — 85.6) 74.3 (48.0 — 103.0)** 65.4 (48.2 —86.2) 74.6 (51.4 — 103.5)** 63.6 {41.90.5) 70.4 (49.0 — 102.3)**
Phenylalanine 50.2 (38.8 —60.2) 58.1 (44.5 - 78.7) 53.2 (43.2-68.7) 62.6 (47.9 — 77.3)** 54.4 (85 71.1) 61.4 (48.4 — 76.8)**
Proline 197.6 (118.5 - 309.7) 286.5 (196.3 — 447.5) 210.7 (142.8 — 325.5) 307.9 (211.1 — 446.5)** 222 (150.4 — 335.9) 298.4 (198.1 — 427.8)**
Serine 99.5 (66.8 — 132.9) 100.1 (70.4 — 146.2)* 7.7971.0 - 134.2) 95.0 (64.7 — 133.8)* 93.0 (68124.5) 85.1 (59.4 — 120.9)**
Threonine 112.9 (86.2 — 148.0) 117.2 (88.0 —18#.2) 114.4 (84.8 —162.5) 117.6 (77.6 — 160.3) 1083.5 — 160.0) 105.5 (72.3 — 164.0)
Tryptophan 83.0 (67.0 —99.5) 84.5 (67.4 —97.3) .4830.2 — 98.0) 87.0 (70.9 — 101.3)* 85.2 (72103.2) 86.5 (70.8 — 103.2)
Tyrosine 71.2 (48.0 —100.0) 90.9 (57.9 —123.5)*  81.2 (58.7 — 108.0) 100.2 (68.5 — 133.1)** 81.3.(62 108.6) 99.1 (71.6 — 133.1)**
Valine 174.7 (127.6 — 226.4) 216.0 (161.5-269.2) 171.8 (131.6 — 221.6) 217.6 (164.5 — 274.1)* 114 (126.6 — 233.0) 201.2 (139.8 — 259.5)**
xLeucine 184.4 (133.5 — 244.6) 242.0 (163.0 —3¥8.9 206.3 (143.2 — 270.0) 257.1 (179.8 — 337.0)* 1626 (157.3 — 295.0) 263.6 (170.7 — 375.7)*

Values represent medians (90% range) concentratioasino acids (umol/L).

P-values are calculated by paired t-test
xLeucine represents the sum of Leucine and Isaheuci
*: p < 0.05 for difference between fasting and postdial state.

* p < 1.19 x 10° (=0.05/42 for Bonferroni correction) for differembetween fasting and postprandial state.

Normal fasting glucose: Fasting glucasé.0 mmol/L

Impaired fasting glycaemia: Fasting glucgse.1 mmol/L and <7.0 mmol/L

Type 2 Diabetes: Fasting glucos&.0 mmol/L
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Table 3: Association between type 2 diabetes and aminocidentrations compared with participants withmmarfasting glucose.

Phenylalanine
Proline

0.64 (0.44, 0.83)*
0.19 (-0.05, 0.42)

0.53 (0.32, 0*75)
0.12 (0.35, 0.38)

0.32 (0.12, 0.53)*
00610, 0.29)

0.31 (0.08, 0.53)*
0.04 (-0.23, 0.30)

-0.22 (4@, -0.01)*
-0.23 (-0.44, -p*01

Fasting Postprandial Response
Beta (95% C.l1.) Beta (95% C.1.) Beta (95% C.1.) tdBE5% C.1.) Beta (95% C.1.) Beta (95% C.1.)
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
Amino acid

Arginine -0.10 (-0.30, 0.11) 0.05 (-0.18, 0.27) .3®(-0.51, -0.10)* -0.15 (-0.37, 0.08) -0.29, @.50.08)* -0.25 (-0.48, -0.02)*
Glutamine -0.21 (-0.43, 0.00) -0.14 (-0.38,0.09)  0.43 (-0.64, -0.22)** -0.30 (-0.53, -0.07)* -0.29(49, -0.08)* -0.21 (-0.43, 0.02)
Glycine -0.52 (-0.72, -0.32)** -0.40 (-0.62, -0)18 -0.66 (-0.86, -0.46)** -0.53 (-0.75, -0.31)** 0-16 (-0.36, 0.04) -0.16 (-0.38, 0.06)
Histidine -0.22 (-0.42, -0.01)* -0.18 (-0.40, 0)04 -0.59 (-0.80, -0.38)** -0.48 (-0.70, -0.25)** 4P (-0.69, -0.28)** -0.39 (-0.61, -0.16)**
Methionine 0.22 (0.02, 0.42)* 0.15 (-0.07, 0.36) .34(-0.55, -0.12)* -0.25 (-0.48, -0.02)* -0.53 (7@, -0.32)** -0.38 (-0.61, -0.15)**
Ornithine 0.10 (-0.12, 0.32) 0.00 (-0.25, 0.24) .190(-0.40, 0.03) -0.20 (-0.43, 0.04) -0.35 (-0.8614)* -0.25 (-0.48, -0.02)*

-0.14 (-0.37, 0.08)
-0.14 (-0.37, 0.10)

Serine -0.31 (-0.52, -0.10)* -0.21 (-0.44,0.02)  0.67 (-0.88,-0.46)*  -0.54 (-0.77,-0.32)*  -0.§D.83,-0.42)*  -0.55 (-0.78, -0.33)*
Threonine -0.12 (-0.32, 0.08) -0.12 (-0.34,0.10)  0.42 (-0.63, -0.21)** -0.34 (-0.57, -0.12)* -0.4B)(67, -0.24)* -0.35 (-0.58, -0.12)*
Tryptophan 0.38 (0.17, 0.59)* 0.33 (0.10, 0.56)* 40 (0.19, 0.61)* 0.36 (0.13, 0.59)* 0.02 (-0.D923) 0.03 (-0.20, 0.26)
Tyrosine 0.70 (0.50, 0.90)** 0.52 (0.30, 0.74)* 43.(0.26, 0.68)** 0.38 (0.15, 0.62)* -0.09 (-0.3012) -0.02 (-0.25, 0.20)
Valine -0.14 (-0.35, 0.07) -0.26 (-0.49, -0.04)*  0.46 (-0.66, -0.25)*  -0.44 (-0.67,-0.22)*  -0.4D.63, -0.21)** -0.29 (-0.52, -0.06)*
xLeucine 0.74 (0.56, 0.92)** 0.62 (0.42, 0.81)* 46.(0.25, 0.68)** 0.44 (0.20, 0.67)* -0.13 (-0.3408) -0.06 (-0.29, 0.18)

Results are based on analyses of the study popui@ti174 with normal fasting glucose and n=16%wjpe 2 diabetes).

xLeucine represents the sum of Leucine and Isabeuci

Amino acid concentrations have been Z-score staliwtat.

Values represent regression coefficients (standavéhtions) from the linear regression analysesthenl 95% confidence intervals (C.l.) for the rigitype 2 diabetes.
Model 1: adjusted for sex and age.

Model 2: adjusted for sex, age and BMI.

* p<0.05

* p < 1.19 x 10° (=0.05/42 for Bonferroni correction)

Normal fasting glucose: Fasting glucasé.0 mmol/L

Type 2 Diabetes: Fasting glucos&.0 mmol/L
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FIGURE LEGENDS

Figure la-b: Mean change after meal challenge in amino acidexanations stratified by diabetes state.

Bars represent mean changes (standard deviations3ponse to the meal challenge.

Arg: Arginine; GIn: Glutamine; Gly: Glycine; His:ibtidine; Met: Methionine; Orn: Ornithine; Phe: Plgtalanine; Pro: Proline; Ser: Serine; Thr: ThreeniTrp:
Tryptophan; Tyr: Tyrosine; Val: Valine; xLeu: Lene + Isoleucine.

NFG: Normal fasting glucose; IFG: Impaired fastgigcaemia; T2D: Type 2 Diabetes.
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We examined postprandial amino acid concentrations in relation to type 2 diabetes
Type 2 diabetes is associated with postprandial amino acid concentrations
Physiological changes also present in patients with impaired fasting glycaemia

Associations appear not be me mediated by insulin resistance



ONLINE SUPPLEMENTAL TABLES

Table S1: Association between type 2 diabetes and postprandial amino acid concentration and the response to the meal challenge compared with participants
with normal fasting glucose, stratified by sex.

Postprandial Response Males versus Females
Beta (95% C.I.) Beta (95% C.I.) Beta (95% C.I.) Beta (95% C.I.) p-value interaction p-valueinteraction
Males Females Males Females Postprandial Response
Amino acid
Arginine -0.21 (-0.52, 0.09) -0.07 (-0.39, 0.26) -0.40 (-0.72, -0.09)* -0.07 (-0.42, 0.27) 0.32 0.39
Glutamine -0.35 (-0.65, -0.05)* -0.25 (-0.60, 0.11) -0.27 (-0.58, 0.04) -0.13 (-0.47, 0.22) 0.31 0.76
Glycine -0.45 (-0.66, -0.23)**  -0.62 (-1.02, -0.22)* -0.26 (-0.51, 0.00)* -0.05 (-0.42, 0.32) 3.2x10* 1.6x 10"
Histidine -0.57 (-0.89, -0.26)**  -0.37 (-0.68, -0.05)* -0.49 (-0.80, -0.18)* -0.26 (-0.59, 0.07) 0.55 0.71
Methionine -0.36 (-0.68, -0.05)* -0.11 (-0.47,0.24) -0.55 (-0.83, -0.26)** -0.18 (-0.53, 0.18) 0.29 1.3x10°
Ornithine -0.17 (-0.46, 0.13) -0.22 (-0.59, 0.16) -0.28 (-0.55, 0.00)* -0.21 (-0.59, 0.18) 0.86 0.85
Phenylalanine 0.16 (-0.15, 0.46) 0.48 (0.15, 0.81)* -0.33 (-0.63, -0.03)* 0.07 (-0.27, 0.42) 0.57 3.6x10°
Proline -0.21 (-0.59, 0.17) 0.34 (-0.01, 0.69) -0.34 (-0.64, -0.05)* 0.12 (-0.25, 0.48) 0.57 24x10°
Serine -041 (-0.69,-0.12)*  -0.69 (-1.05, -0.34)**  -0.60 (-0.89, -0.31)**  -0.49 (-0.84, -0.14)* 0.16 0.78
Threonine -0.36 (-0.67, -0.04)* -0.33 (-0.66, 0.02) -0.45 (-0.74, -0.15)* -0.24 (-0.60, 0.12) 0.85 0.93
Tryptophan 0.22 (-0.08, 0.53) 0.51(0.17, 0.85)* -0.16 (-0.47, 0.15) 0.25 (-0.09, 0.60) 0.01 0.03
Tyrosine 0.25 (-0.04, 0.53) 0.53(0.16, 0.89) -0.15 (-0.44, 0.13) 0.13 (-0.23, 0.49) 0.45 1.0x 10"
Valine -0.55 (-0.85, -0.24)** -0.32 (-0.66, 0.02) -0.37 (-0.68, -0.06)* -0.19 (-0.53, 0.15) 3.8x10° 0.24
xLeucine 0.34 (0.02, 0.67)* 0.55 (0.21, 0.90)* -0.23 (-0.54, 0.09) 0.16 (-0.19, 0.50) 3.0x 10" 8.4x 10™
Results are based on analyses of the study population (n=174 males (84 normal fasting glucose/90 type 2 diabetes) and n=165 females (90 normal fasting glucose/75 type 2
diabetes).

xLeucine represents the sum of Leucine and Isoleucine.

Amino acid concentrations have been Z-score standardized.

Values represent regression coefficients (standard deviations) from the linear regression analyses and their 95% confidence intervals (C.1.) for the risk of type 2 diabetes.
Model: adjusted for age and BMI.

*:p<0.05

**: <893 x 10 (=0.05/56 for Bonferroni correction)

Normal fasting glucose: Fasting glucose < 6.0 mmol/L

Type 2 Diabetes: Fasting glucose > 7.0 mmol/L



Table S2: Association between impaired fasting glycaemia and amino acid concentrations compared with participants with normal fasting glucose.

Fasting

Postprandial

Response

Beta (95% C.1.)

Beta (95% C.I.)

Beta (95% C.I.)

Beta (95% C.1.)

Beta (95% C.1.)

Beta (95% C.1.)

Model 1

Moded 2

Modd 1

Model 2

Model 1

Model 2

Amino acid
Arginine
Glutamine
Glycine
Histidine
Methionine
Ornithine
Phenylalanine
Proline
Serine
Threonine
Tryptophan
Tyrosine
Valine
xLeucine

0.16 (-0.07, 0.38)
0.05 (-0.17, 0.27)
-0.13 (-0.34, 0.08)
0.00 (-0.22, 0.22)
0.29 (0.08, 0.49)*
0.22 (0.02, 0.42)*
0.46 (0.26, 0.65)**
0.01 (-0.20, 0.22)
0.02 (-0.19, 0.23)
0.15 (-0.06, 0.36)
0.21 (0.01, 0.41)*
0.59 (0.39, 0.80)**
-0.19 (-0.38, 0.00)*
0.32 (0.16, 0.48)**

0.22 (-0.01, 0.45)
0.10 (-0.13, 0.32)
0.00 (-0.21, 0.21)
0.02 (-0.21, 0.25)
0.26 (0.05, 0.48)*
0.17 (-0.04, 0.38)
0.40 (0.20, 0.60)**
0.01 (-0.21, 0.23)
0.11 (-0.11, 0.32)
0.13 (-0.09, 0.34)
0.18 (-0.03, 0.40)
0.47 (0.27, 0.68)**
-0.29 (-0.49, -0.10)*
0.23 (0.06, 0.40)*

0.11 (-0.11, 0.33)
-0.03 (-0.24, 0.18)
-0.22 (-0.43, -0.01)*
-0.16 (-0.37, 0.05)
0.03 (-0.18, 0.23)
0.03 (-0.18, 0.24)
0.37 (0.16, 0.58)**
0.03 (-0.18, 0.24)
-0.23 (-0.43, -0.03)*
-0.03 (-0.23, 0.17)
0.36 (0.16, 0.57)**
0.47 (0.27, 0.67)**
-0.09 (-0.28, 0.10)
0.22 (0.04, 0.41)*

0.22 (-0.01, 0.44)
0.07 (-0.14, 0.28)
-0.08 (-0.30, 0.13)
-0.07 (-0.29, 0.14)
0.12 (-0.10, 0.33)
0.04 (-0.17, 0.26)
0.41 (0.20, 0.63)**
0.07 (-0.15, 0.29)
-0.10 (-0.31, 0.10)
0.02 (-0.19, 0.22)
0.37 (0.16, 0.58)**
0.43 (0.2, 0.64)**
-0.08 (-0.28, 0.12)
0.21 (0.02, 0.40)*

-0.04 (-0.24, 0.17)
-0.09 (-0.30, 0.12)
-0.17 (-0.39, 0.05)
-0.20 (-0.41, 0.02)
-0.19 (-0.39, 0.01)
-0.20 (-0.41, 0.01)
-0.01(-0.21, 0.19)
0.04 (-0.16, 0.24)

-0.38 (-0.59, -0.17)**
-0.24 (-0.45, -0.02)*

0.16 (-0.05, 0.36)
0.02 (-0.19, 0.22)
0.08 (-0.12, 0.28)
-0.03 (-0.23, 0.16)

0.03 (-0.19, 0.24)
-0.02 (-0.23, 0.20)
-0.18 (-0.41, 0.05)
-0.11 (-0.33, 0.10)
-0.08 (-0.28, 0.13)
-0.13 (-0.35, 0.09)
0.08 (-0.13, 0.29)
0.13 (-0.08, 0.33)
-0.30 (-0.52, -0.08)*
-0.15 (-0.36, 0.07)
0.19 (-0.02, 0.40)
0.08 (-0.13, 0.28)
0.19 (-0.02, 0.39)
0.04 (-0.17, 0.24)

Results are based on analyses of the study population (n=174 normal fasting glucose and n=186 impaired fasting glycaemia).
xLeucine represents the sum of Leucine and Isoleucine.

Amino acid concentrations have been Z-score standardized.
Values represent regression coefficients (standard deviations) from the linear regression analyses and their 95% confidence intervals (C.1.) for the risk of impaired fasting

glycaemia.

Model 1: adjusted for sex and age.
Model 2: adjusted for sex, age and BMI.

*:p<0.05

**: < 1.19 x 10° (=0.05/42 for Bonferroni correction)
Normal fasting glucose: Fasting glucose < 6.0 mmol/L
Impaired fasting glycaemia: Fasting glucose > 6.1 mmol/L and <7.0 mmol/L



Table S3: Association between type 2 diabetes and amino acid concentrations compared with participants with impaired fasting glycaemia.

Fasting Postprandial Response
Beta (95% C.1.) Beta (95% C.1.) Beta (95% C.1.) Beta (95% C.1.) Beta (95% C.1.) Beta (95% C.1.)
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
Amino acid
Arginine -0.24 (-0.44, -0.03)* -0.21 (-0.41, 0.00)* -0.42 (-0.62,-0.21)**  -0.35(-0.56, -0.14)**  -0.28 (-0.50, -0.07)* -0.23 (-0.44, -0.01)*
Glutamine -0.27 (-0.47, -0.06)* -0.26 (-0.47,-0.05)*  -0.42(-0.63,-0.21)** -0.36 (-0.57,-0.15)**  -0.22 (-0.43, -0.00)* -0.16 (-0.37, 0.06)
Glycine -0.38 (-0.56, -0.20)**  -0.37 (-0.55, -0.18)**  -0.44 (-0.62, -0.26)**  -0.41 (-0.60, -0.23)** -0.01 (-0.21, 0.19) 0.00 (-0.20, 0.20)
Histidine -0.21 (-0.42, 0.00) -0.20 (-0.41, 0.02) -0.45 (-0.65, -0.25)**  -0.39(-0.60, -0.19)**  -0.33 (-0.53, -0.12)* -0.27 (-0.48, -0.06)*
Methionine -0.05 (-0.25, 0.16) -0.08 (-0.29, 0.13) -0.38 (-0.59,-0.17)**  -0.32(-0.53,-0.11)*  -0.37(-0.58, -0.16)**  -0.29 (-0.49, -0.08)*
Ornithine -0.11 (-0.33, 0.10) -0.18 (-0.39, 0.04) -0.22 (-0.43, 0.00)* -0.24 (-0.46, -0.02)* -0.16 (-0.38, 0.05) -0.12 (-0.33,0.10)
Phenylalanine 0.20 (-0.01, 0.412) 0.14 (-0.08, 0.35) -0.07 (-0.28, 0.14) -0.06 (-0.27, 0.16) -0.24 (-0.46, -0.03)* -0.18 (-0.40, 0.04)
Proline 0.14 (-0.04, 0.32) 0.09 (-0.09, 0.27) -0.04 (-0.22, 0.15) -0.05 (-0.24, 0.14) -0.31(-0.52, -0.11)* -0.26 (-0.46, -0.05)*
Serine -0.30(-0.51, -0.10)* -0.31(-0.52,-0.10)*  -0.43 (-0.63,-0.24)**  -0.41(-0.61, -0.21)**  -0.26 (-0.47, -0.06)* -0.22 (-0.42, -0.01)*
Threonine -0.28 (-0.49, -0.06)* -0.30(-0.53,-0.08)*  -0.41 (-0.62,-0.20)**  -0.39(-0.61, -0.18)**  -0.24 (-0.44, -0.03)* -0.18 (-0.39, 0.03)
Tryptophan 0.18 (-0.02, 0.38) 0.14 (-0.06, 0.35) 0.02 (-0.20, 0.23) 0.01(-0.21, 0.22) -0.17 (-0.39, 0.05) -0.14 (-0.37, 0.08)
Tyrosine 0.10 (-0.10, 0.30) 0.01(-0.19, 0.21) -0.02 (-0.23,0.19) -0.05 (-0.26, 0.16) -0.13 (-0.34, 0.09) -0.07 (-0.29, 0.14)
Valine 0.04 (-0.16, 0.23) -0.03 (-0.22,0.17) -0.38 (-0.59,-0.17)**  -0.37 (-0.58, -0.16)**  -0.50(-0.71, -0.29)**  -0.43 (-0.64, -0.21)**
xLeucine 0.42 (0.23, 0.90)** 0.36 (0.18, 0.54)** 0.21 (0.00, 0.43) 0.23(0.01, 0.45)* -0.13 (-0.35, 0.09) -0.06 (-0.28, 0.16)

Results are based on analyses of the study population (n=186 impaired fasting glycaemia and n=165 type 2 diabetes).

xLeucine represents the sum of Leucine and Isoleucine.

Amino acid concentrations have been Z-score standardized.

Values represent regression coefficients (standard deviations) from the linear regression analyses and their 95% confidence intervals (C.1.) for the risk of type 2 diabetes.
Model 1: adjusted for sex and age.

Model 2: adjusted for sex, age and BMI.

*:p<0.05

**: < 1.19 x 10° (=0.05/42 for Bonferroni correction)

Impaired fasting glycaemia: Fasting glucose > 6.1 mmol/L and <7.0 mmol/L

Type 2 Diabetes: Fasting glucose > 7.0 mmol/L



Table S4: Association between type 2 diabetes and postprandial amino acid concentration and the response to the meal challenge compared with participants
with normal fasting glucose, adjusted for fasting insulin and insulin resistance (HOMA-IR).

Fasting insulin Postprandial insulin Insulin resistance (HOMA-IR)
Beta (95% C.1.) Beta (95% C.1.) Beta (95% C.1.) Beta (95% C.1.) Beta (95% C.1.) Beta (95% C.1.)
Postprandial Response Postprandial Response Postprandial Response
Amino acid
Arginine -0.11 (-0.33,0.12) -0.24 (-0.48, 0.00)* -0.10 (-0.33, 0.13) -0.26 (-0.50, -0.02)* -0.08 (-0.31, 0.15) -0.23 (-0.47,0.02)
Glutamine -0.28 (-0.51, -0.04)* -0.21 (-0.44, 0.02) -0.26 (-0.50, -0.03)* -0.17 (-0.40, 0.07) -0.26 (-0.50, -0.02)* -0.22 (-0.46, 0.02)
Glycine -0.49 (-0.71, -0.26)** -0.17 (-0.39, 0.06) -0.43 (-0.65, -0.20)** -0.14 (-0.37, 0.08) -0.46 (-0.69, -0.23)** -0.17 (-0.40, 0.06)
Histidine -0.45 (-0.68, -0.22)** -0.39 (-0.62, -0.16)* -0.46 (-0.69, -0.23)** -0.36 (-0.59, -0.13)* -0.42 (-0.65, -0.19)** -0.39 (-0.63, -0.16)*
Methionine -0.21 (-0.45, 0.03) -0.33 (-0.56, -0.10)* -0.31 (-0.54, -0.07)* -0.38 (-0.61, -0.14)* -0.19 (-0.43, 0.06) -0.30 (-0.54, -0.07)*
Ornithine -0.15 (-0.40, 0.09) -0.24 (-0.47, 0.00)* -0.16 (-0.40, 0.09) -0.21 (-0.45, 0.02) -0.12 (-0.37,0.13) -0.23 (-0.47,0.01)
Phenylalanine 0.30(0.07, 0.53)* -0.12 (-0.35,0.11) 0.22 (-0.01, 0.45) -0.16 (-0.40, 0.07) 0.31(0.07, 0.54)* -0.10 (-0.33,0.14)
Proline 0.06 (-0.21, 0.32) -0.10 (-0.33,0.14) 0.03 (-0.24, 0.30) -0.16 (-0.40, 0.08) 0.07 (-0.21, 0.34) -0.07 (-0.31, 0.17)
Serine -0.53 (-0.76, -0.30)** -0.54 (-0.77, -0.31)** -0.54 (-0.77, -0.30)** -0.53 (-0.76, -0.30)**  -0.53 (-0.76, -0.29)**  -0.54 (-0.77, -0.30)**
Threonine -0.31 (-0.54, -0.08)* -0.33 (-0.57, -0.10)* -0.36 (-0.59, -0.12)* -0.34 (-0.57, -0.10)* -0.28 (-0.52, -0.04)* -0.32 (-0.56, -0.08)*
Tryptophan 0.36 (0.13, 0.60)* 0.05 (-0.18, 0.29) 0.32(0.08, 0.56)* 0.05 (-0.19, 0.29) 0.36 (0.12, 0.60)* 0.07 (-0.17, 0.31)
Tyrosine 0.38 (0.14, 0.62)* 0.02 (-0.21, 0.24) 0.29 (0.05, 0.53)* -0.03 (-0.26, 0.21) 0.39 (0.14, 0.63)* 0.04 (-0.20, 0.27)
Valine -0.42 (-0.65, -0.19)** -0.27 (-0.51, -0.04)* -0.42 (-0.65, -0.19)** -0.21 (-0.44, 0.02) -0.36 (-0.60, -0.13)* -0.24 (-0.48, 0.00)*
xleucine 0.46 (0.21, 0.70)** -0.03 (-0.27, 0.20) 0.37(0.13, 0.62)* -0.09 (-0.33, 0.15) 0.46 (0.21, 0.71)** -0.02 (-0.26, 0.22)

Results are based on analyses of the study population (n=174 normal fasting glucose and n=165 type 2 diabetes).
xLeucine represents the sum of Leucine and Isoleucine.

Amino acid concentrations have been Z-score standardized.
Values represent regression coefficients (standard deviations) from the linear regression analyses and their 95% confidence intervals (C.1.) for the risk of type 2 diabetes.

Model for fasting insulin: adjusted for sex, age, fasting insulin and BMI.

Model for postprandial insulin: adjusted for sex, age, fasting insulin and BMI.
Model for HOMA-IR: adjusted for sex, age, HOMA-IR and BMI.
HOMA-IR: (fasting glucose * fasting insulin) / 22.5.

*: p<0.05

**: p < 6.0x 10* (=0.05/84 for Bonferroni correction)
Normal fasting glucose: Fasting glucose < 6.0 mmol/L

Type 2 Diabetes: Fasting glucose > 7.0 mmol/L



Table S5: Pearson correlation coefficient between the fourteen amino acids.

GIn Gly His M et Orn Phe Pro Ser Thr Trp Tyr Val xLeu
Arg B1* 25* 42* 48" 19 .36* AL 28* A2* A2* 30 16 25*
GIn .35* .56* 50" A43* 37* 21* 44> AT7* 52* .30* .22* .24*
Gly 16* 13" .24* -.05 0% .58* 27* .07 -.04 -.12* =17+
His 54" .25* A42* 14* .35* .52* A45* 33* .25* .26*
M et 33* 1% 31* 31* .58* .67* .69* A42* .58*
Orn 31* .24* .29% 37* .35* .33* .30* .30*
Phe .22* 2% 31* .67* .68* A46* .65*
Pro .05 .24* .25* .24* .22% 27*
Ser AT* 19* 3% .01 .03
Thr .39* 37* .22% 21*
Trp .63* A48* .61*
Tyr .36* .55*
Val .76*

Values represent Pearson correlation coefficients.

*: p<0.05



