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Abstract

Aims—Although newer approaches have identified several metabolites associated with obesity,
there is paucity of such information in pediatric populations, especially among Mexican
Americans (MAs) who are at high risk of obesity. Therefore, we performed a global serum
metabolite screening in MA children to identify biomarkers of childhood obesity.

Materials and methods—We selected 15 normal-weight, 13 overweight and 14 obese MA
children (6-17 years), and performed global serum metabolite screening using UPLC system with
Q-Tof-Micromass-spectrometer. Metabolite values were analyzed to assess mean differences
among groups using one-way ANOVA, test for linear trend across groups, and examine Pearson’s
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correlations between them and seven cardiometabolic traits (CMTSs): body mass index (BMI),
waist circumference (WC), systolic blood pressure (SBP), diastolic blood pressure (DBP), insulin
resistance (HOMA-IR), triglycerides (TG), and HDL-cholesterol (HDL-C).

Results—We identified 14 metabolites exhibiting differences between groups as well as linear
trend across groups with nominal statistical significance. After adjustment for multiple testing
mean differences and linear trends across groups remained significant (P < 5.9 x 107°) for L-
thyronine, bradykinin, and naringenin. Of the examined metabolite-CMT trait pairs, all
metabolites except for 2-methylbutyroylcarnitine were nominally associated with two or more
CMTs, some exhibiting significance even after accounting for multiple testing(P < 3.6 x 1073).

Conclusions—To our knowledge, this study - albeit pilot in nature - is the first study to identify
these metabolites as novel biomarkers of childhood obesity and its correlates. These findings
signify the need for future systematic investigations of metabolic pathways underlying childhood
obesity.
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Introduction

Childhood obesity has become worldwide epidemic with disproportionate ethnic differences
in its prevalence (1-2). Based on 2009-2010 National Health and Nutrition Examination
Survey (NHANES) data the prevalence of obesity was estimated to be 16.9% among
children and adolescents (ages 2—19 years), with significant ethnic disparities in its
prevalence: 14.0% in European Americans, 21.2% in Mexican Americans, and 24.3% in
African Americans (2). Obesity and overweight are major risk factors for various chronic
diseases, including type 2 diabetes (T2DM), cardiovascular disease (CVD), hypertension
and metabolic syndrome (MS) (3-6). Increasing occurrence of obesity also parallels
increased prevalence of MS and its component risk factors in children and adolescents, and
such conditions may track into adulthood (7). Although it is well established that obesity and
related traits have complex etiologies involving metabolic changes of the entire body, the
actual disturbances in the metabolism leading to the progression of obesity are not clearly
understood (8).

There have been continued efforts, including a range of emerging “omics” technologies, to
understand the factors underlying the phenotypic expression of obesity and its correlates.
The advent of advanced high-throughput metabolite profiling techniques has provided a
unique opportunity to identify novel metabolites, and endophenotypes (i.e., measurable and
heritable biomarkers that are genetically correlated, at least partly, with a disease/outcome).
Such new information has great potential for contributing to a better understanding of the
pathophysiology of obesity and related diseases, because variations in metabolite levels
could reflect the integrated effects of genomic, transcriptomic and proteomic variations (9—
11).
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Recently, we conducted a genetic epidemiologic investigation of cardiometabolic traits in
Mexican American children and adolescents (ages 6-17 years), and found that these children
bear substantial cardiometabolic burdens including overweight/obesity (53%), obesity
(34%), prediabetes (13%), and MS (19%) [12]. Given the paucity of metabolomic data for
young Mexican Americans (MAs), and youth from other US ethnic minorities, in the current
study, we used the global metabolite approach 1) to examine metabolic differences among
normal-weight, overweight and obese MA children who had participated in this study; and,
2) to assess phenotypic correlations between metabolites and 7 cardiometabolic traits.

Materials and Methods

Study participants

For this pilot study of serum global metabolite screening as it relates to childhood obesity,
15 normal-weight, 15 overweight, and 15 obese non-diabetic children and adolescents were
selected based on weight-category, who had previously participated in our San Antonio
Family Assessment of Metabolic Risk Indicators in Youth (SAFARI) Study (12). The
selection of this subset of SAFARI children also required equal representation of girls and
boys in each group (girls = 8 and boys =7; age: 6-17 years). Briefly, SAFARI study enrolled
a total of 673 children aged 6-17 years from predominantly low-income extended MA
families. Written informed consent was obtained from a parent or legal guardian for each
child prior to his or her participation in SAFARI; written assent was also obtained from all
children > 7 years old. Study procedures were approved by the Institutional Review Board
of the University of Texas Health Science Center at San Antonio, San Antonio, Texas.

Phenotype Data

As described previously (12), family history, demographic, phenotypic, and environmental
data were obtained for SAFARI participants. Also, blood samples from them were obtained
after a 10-hour overnight fast, were used to measure the levels of various metabolic
parameters using standard protocols as described previously (12), which included fasting
plasma glucose (FPG), specific serum insulin (FI), HDL cholesterol (HDL-C), and
triglycerides (TG). Anthropometric measurements, including height, weight, waist
circumference [WC], and blood pressure (systolic [SBP] and diastolic blood pressure
[DBP]) were collected using standardized protocols, as described previously (12). Body
mass index (BMI) was calculated as weight (kilograms) divided by height (meters) squared.
Weight categories were defined using BMI percentiles by sex and age obtained from the
National Health and Nutrition Examination Survey (NHANES) I11. Children and adolescents
below the 85™ percentile were classified as normal-weight; those =85t percentile and <95t
percentile as overweight; and, those =95t percentile as obese. Using FPG and FI values,
homeostasis model of assessment insulin resistance (HOMA-IR) was derived (http://
www.dtu.ox.ac.uk/homacalculator).

Global metabolite profiling

Untargeted global metabolite profiling was performed in the fasting serum samples using
Waters ultra-performance liquid chromatography/quadrupole orthogonal acceleration time
of flight tandem micro mass spectrometer (UPLC/Q-Tof micro MS) according to the
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manufacturer’s protocol (Waters, Milford, MA; http://www.waters.com/waters/home.htm).
Briefly, chromatographic separation of the samples was performed on a Waters Acquity
UPLC C8 column (1.8 uM, 1.0 x 100 mm) using a gradient from solvent A (95% water, 5%
methanol, 0.1% formic acid) to solvent B (95% methanol, 5% water, 0.1% formic acid) at
140 pL/min flow rate and 50°C column temperature. Column eluent was infused into a
Waters Q-Tof Micro MS fitted with an electrospray source. Data were collected in positive
ion mode, scanning from 50-1000 at a rate of 2 scans per second. Files containing all
information of micro MS data including retention times, nVz, and ion intensities in
MassLynx software (Waters) was converted to cdf format using Databridge software. Raw
peak areas were normalized to total ion signal in R and subjected to statistical analyses.
Thus, the area under the curve for each feature represents relative intensity of that feature.
Identification and alignment of peaks for metabolites was performed based on accurate
mass, isotopic pattern and MS/MS information obtained from Metlin (http://
metlin.scripps.edu), Human Metabolome (www.hmdb.ca) and ChemSpider
(www.chemspider.com). Of the 45 samples chosen for this study, three samples were lost
during extraction or UPLC/Q-Tof micro MS metabolomics analysis. Thus, the sample size
of 45 was reduced to 42: normal-weight = 15, overweight = 13 and obese = 14.

Statistical Analysis

Results

Each metabolite was treated as a quantitative trait for the analyses. The mean differences
among the three groups (i.e., normal-weight/overweight/obese) were tested (2 df) using a
one-way Analysis of Variance (ANOVA) technique. As an initial screening step, a P<0.01
was used to select peak areas from the identified total pool of peak areas unadjusted for the
covariate effects of age and sex. Subsequently, the normalized peak-intensity values of the
selected metabolites were transformed using inverse normalization, and adjusted for the
covariate effects of age and sex. The residuals obtained after adjustment for age and sex
effects were analyzed to assess differences among the three weight classes using one-way
ANOVA (SPSS 19). In addition, we performed testing for linear trend across the groups and
group order (1 df). As a conservative approach, we have derived a P value adjusted for
multiple testing by using the number of metabolites in the data set, and the required
significance threshold was 5.9 x 107> (0.05/850). The correlations between the selected
metabolites and 7CMTSs were assessed using Pearson correlation coefficients (SPSS 19). All
traits were transformed using inverse normalization and adjusted for the covariate effects of
age and sex. In regard to the correlations between the selected metabolites and CMTs, the
required significance level was determined to be 3.6 x 1073 per trait after accounting for
multiple testing (0.05/14). No additional attempts to correct for multiple testing were made,
given the substantial correlations among the examined phenotypes (12).

Characteristics of the subset of 42 SAFARI children chosen for this study by weight
category are given in Table 1. Untargeted, global metabolite profiling was performed in the
fasting serum samples of these children using Waters’s UPLC/Q-Tof micro MS. The raw
data obtained as chromatograms of spectral peaks’ intensities were analyzed using
MassLynx software (Supplementary Figure 1). A total of 4,216 peaks representing
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metabolite fragments were obtained after eliminating background peaks; these peaks
corresponded to ~850 metabolites with an average of 5 fragments per metabolite. The
normalized ion intensities for each of these 4,216 peak areas were used for initial analyses.
Ten peaks did not match with any known metabolites. Given that several of the remaining
peaks represented the same metabolite, fourteen metabolites chosen based on initial P<0.01
with differences among the three groups were considered for this report. The identity and the
characteristics of these metabolites are presented in Table 2. Subsequently, we repeated the
ANOVA of each of the fourteen metabolites after adjusting for the covariate influences of
age and sex, and the findings with nominal P values uncorrected for multiple testing are
shown in Table 3. In addition, we performed testing for linear trend between the means and
group order and the findings are also reported in Table 3. The significant findings that met
the required significance threshold of 5.9 x 107> are highlighted in the table.

All 14 metabolites were found to exhibit differences between the examined groups as well
as linear trend across them with nominal significance (P range: 4.8 x 10~/ [L-thyronine] -
0.018 [lysoPC (18:1)]; trend P range = 1.4 x 107% [naringenin] — 7.7 x 1073 [vitamin D3]).
Of the 14 metabolites, three of them including L-thyronine (P = 4.8 x 1077; trend P = 2.6 x
1079), naringenin (P= 6.8 x 1075; trend P = 1.4 x 1076) and bradykinin (P= 5.4 x 107°; trend
P = 1.1 x 107°) showed significant differences among the three groups even after accounting
for multiple testing (i.e., P = 5.9 x 107°). As shown in the Table 3, for the purpose of
discussion, the n-fold change in each metabolite, derived as a ratio through comparison
between normal-weight and obese group means, ranged from 1.18 (malvidin3 [6-acetyl
glucoside]) to 18.16 (L-thyronine). The metabolites that were found in higher concentrations
in obese children, compared with normal-weight children, were bradykinin (4.17 fold),
phosphocholine [16:1] (1.31 fold), and phosphotidylethanol-amine (1.28 fold). Metabolites
that were found to be lower in obese children, compared with normal-weight children were
L-thyronine (18.16 fold), indole-3-propionic acid (2.09 fold), naringenin (1.83 fold), 3-
hydroxyquinone (1.73 fold), 1a,22-dihydroxy-23,24,25,26,27-pentanorvitamin D3 (1.40), 2-
methylbutyroylcarnitine (1.38 fold), diglyceride (1.34 fold), calicoferol B (1.23 fold),
linoleic acid (1.21 fold), lysoPC [18:1] (1.20 fold), and malvidin3-[6-acetyl glucoside] (1.18
fold). Such a trend with change in the levels of metabolites was also observed between
overweight and normal-weight children.

The correlations were subsequently examined between these 14 metabolites and 7childhood
obesity-related CMTs namely BMI, WC, SBP, DBP, HOMA-IR, TG and HDL-C were
examined. The results of these association analyses are reported in Table 4, including the
findings with nominal P-values uncorrected for multiple testing as well as the significant
ones that met the required significance threshold of 3.6 x 1073 which are highlighted in the
table. Of the examined trait pairs, all the metabolites except for 2-methylbutyroylcarnitine
were nominally associated with two or more of the CMTs (Table 4). Thirteen metabolites
were associated with BMI and WC, twelve with TG, eight with HDL-C, six with SBP, five
with DBP, and three with HOMA-IR. Notably, naringenin, a citrus flavonoid was associated
with all the seven CMTs. Among the 14 metabolites, four (L-thyronine, 3-hydroxyquinine,
1a,22-dihydroxy-23,24,25,26,27-pentanorvitamin D3, and phosphotidylethanolamine) were
associated with six of the CMTs, two (bradykinin, and phosphocholine) with five CMTs,
two (diglyceride and linoleic acid) with four of the CMTs, and three(Indole-3-propionic
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acid, malvidin3-(6-acetylglucoside) and lysoPC) with three of the CMTs and one
(calicoferol B) with two of the CMTSs. The metabolites found to be lower among obese
children showed negative correlations with SBP, DBP, HOMA-IR, TG and WC and positive
correlations with HDL-C. The metabolites that were found to be higher in obese children,
however showed positive correlations with BMI, WC, TG, SBP, DBP, HOMAIR, and
negative correlations with HDL-C (Tables 3 and 4). As can be seen from Table 4, several of
the associations continue to be significant even after accounting for multiple testing.

Discussion

In an attempt to understand the metabolic differences or metabolic dysfunction associated
with childhood obesity, we screened for circulating serum metabolites in the normal-weight,
overweight and obese MA children who had previously participated in SAFARI. Using the
untargeted, global approach, we detected 14 metabolites with nominal or significant
differences in concentration among normal-weight, overweight and obese children.
Overweight and obese children, had decreased levels of 1a,22-dihydroxy-23,24,25,26,27-
pentanorvitamin D3, 3-hydroxyquinone, diglyceride, indole-3-propionic acid, L-thyronine,
lysoPC (18:1), linoleic acid, calicoferol B, malvidin3-(6-acetyl glucoside) 2-
methylbutyroylcarnitine and naringenin and had increased levels of bradykinin,
phosphocholine and phosphotidylethanol-amine were found in the overweight and obese
children when compared with normal weight children.

Through our analyses we were able to identify — perhaps for the first time — 14 metabolites
as novel biomarkers of childhood obesity and its clinical correlates; although three
metabolites including L-thyronine, naringenin, and bradykinin continued to be significant
even after adjusting for multiple testing. Recently, Wahl et al. (13) using a metabolomics
approach targeting 163 metabolites from a small sample of normal-weight and obese
children (ages 6-15 years) from Germany, reported an association between 14 metabolites
and childhood obesity. However, only lysoPC (18:1) was found to be associated with
childhood obesity in both of our studies. It may be that the differential observations between
these studies can be attributed to the different metabolomics approaches utilized. Our
present findings, however, together with the report by Wahl et al. (13), highlight that
metabolic disturbances are occurring at very early stages in children and adolescents, which
could contribute to the development of several diseases including obesity, T2DM and CVD
later in life. Furthermore, our metabolomic data also highlight certain patterns that have not
previously been shown to be associated with metabolic diseases in adults (9-11).

We found a striking 18 fold reduction in the levels of L-thyronine in obese children
compared to those with normal weight. L-thyronine is derived from L-thyroxine (T4) and
3,5,3'-triiodo-L-thyronine (T3), which are essential for normal metabolism, growth and
development. Thyroid hormone is a well-known modulator of lipid metabolism, which
promotes lipolysis and increases fatty acid utilization and metabolic rate thereby reducing
fat accumulation (14-15). Also, thyroid hormone plays a role in glucose homeostasis by
increasing insulin-stimulated glucose transport and/or phosphorylation by increasing the
expression of glucose transporter GLUT4 and glycolysis in the muscle (16-18). The
observed negative correlation of L-thyronine with SBP, DBP, TG, BMI, WC and a positive
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correlation with HDL-C are consistent with the previous studies that demonstrated a
negative influence of thyroid hormone on adiposity (14-15). It is well known that thyroid
dysfunction is associated with weight change in both children and adults.

The presence of increased levels of bradykinin in overweight and obese children is of
interest, given its role in vasodilation and inflammation. The release of bradykinin, a small
vasoactive peptide, is probably a distal event in the inflammatory cascade and could be
triggered by various mechanisms (19-20). In our study, we found a remarkable 4-fold
increase in the levels of bradykininin obese children compared with normal-weight children
and was positively correlated with SBP, TG, BMI and WC and negatively with HDL-C. In
this context, it should be noted that: a) ACE inhibitors used for reducing blood pressure in
hypertensive patients act by increasing bradykinin levels (21); and, b) overweight, obesity
and excess adiposity regardless of its distribution have all been associated with impaired
endothelial function in adults [measured in response to bradykinin] (22). While elevated
bradykinin levels have been observed in overweight and obese children, it is unclear
whether these have evolved as a potential compensatory mechanism to overcome slowly
developing vascular dysfunction in these children, and/or whether they represent — even at
these very early ages — an end product of inflammatory cascade itself. Bradykinin acts on
the blood vessels through the release of nitric oxide, a potent inflammation suppressor,
which exerts cardio protective effects and acts on other vasoactive agents. HDL-C has also
been shown to increase nitric oxide (23). Obesity is associated with low HDL-C, which is a
risk factor for T2DM, CVD and MS. Thus, bradykinin levels may increase in response to
reduced levels of HDL-C in overweight and obese children as a compensatory mechanism to
protect against blood vessel damage and future risk for CVD.

In addition to the above functions, bradykinin also helps in the insulin-dependent
transportation and metabolism of glucose (24-25). Pretorius et al. (25) found that
administration of bradykinin improved glucose uptake in overweight/obese adults. As
reported by lozzo et al. (26), adipose tissue blood flow ATBF resistance in obese individuals
is compensated by increased insulin and bradykinin levels, although glucose uptake
remained markedly impaired in obese individuals. Accordingly, in our study, increased
levels of bradykinin in obese children could be triggered due to a variety of mechanisms.

We also observed that, among obese children, levels of naringenin, an exogenous dietary
flavonoid found in grapefruit, orange and tomato skin were only half those of normal-weight
children. It is tempting to speculate that the normal-children may be consuming more citric
juices than overweight and obese children; further studies are warranted to investigate this
finding. Naringenin and flavonoids have been shown to have lipid lowering, insulin-like,
anti-inflammatory, anti-oxidant and anti-hypertensive properties (reviewed in 27). Not
surprisingly, our data showed a negative association between naringenin and SBP, DBP,
HOMAIR, BMI, WC, and TG and a positive correlation with HDL-C.

The observation of reduced levels of LysoPC (18:1), a phospholipid, in obese SAFARI
children is consistent with the findings of [10] Kim et al. (2010) in obese adults. Recently,
Ha et al. (28) reported that levels of several LysoPC species, including (18:1), differed
between diabetic and nondiabetic men. In addition, indole-3-propionic acid, an antioxidant

Pediatr Obes. Author manuscript; available in PMC 2016 August 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Farook et al.

Page 8

associated with cardiovascular disease was found to be lower in obese children (29). In
agreement with Kim et al. (10), we observed a tendency towards lower levels of linoleic
acid in obese children. Lower levels of 3-hydroxyquinine, 2-methylbutyroylcarnitine and
higher levels of phosphocholine, and phosphotidylethanol-amine are indicative of
disturbances in lipid and fatty acid metabolism; such patterns are potential risk factors for
CVD. Phosphocholine, for example, has been shown to promote inflammation, and has been
associated with CVD (30). Vitamin D insufficiency is also known to be associated with
T2DM and obesity, and our findings of lower levels of vitamin D metabolites 1a,22-
dihydroxy-23,24,25,26,27-pentanorvitamin D3 and calicoferol B in obese children are in
support of such previous findings (31). Kabadi et al. (31) recently reported that abdominal
obesity coupled with vitamin D insufficiency influence insulin resistance in adults.

Some limitations of our study includes its deductions based on a small sample size and its
cross-sectional design as a limitation to infer causal relationships among metabolites,
obesity and other cardiometabolic traits examined in this study. Since puberty can influence
the metabolism, we repeated our analyses by considering pubertal status as an additional
covariate, although information on pubertal status was available for only 34 of the 42
children considered for this study. The findings exhibited similar trends and a majority of
the associations continued to be nominally significant (data not shown).

In conclusion, our findings highlight that metabolic disturbances have already been set in
motion among overweight and obese MA children, and that certain metabolites can be
considered as novel biomarkers of childhood obesity and its correlates. Biomarkers of risk,
available early in life, could lead to targeted early-life screening and interventions among
high-risk children, to prevent the development of serious health problems later in life. Our
current plans include increasing our sample size to confirm our findings; in addition, given
the nature of our SAFARI data, future validations of our findings in other populations would
be very helpful.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Literature

. Ogden CL, Flegal KM, Carroll MD, et al. Prevalence and trends in overweight among US children

and adolescents, 1999-2000. JAMA. 2002; 288(14):1728-1732. [PubMed: 12365956]

. Ogden CL, Carroll MD, Kit BK, et al. Prevalence of obesity and trends in body mass index among

US children and adolescents, 1999-2010. JAMA. 2012; 307:483-490. [PubMed: 22253364]

. Schusterova |, Leenen FH, Jurko A, Sabol F, Takacova J. Epicardial Adipose Tissue and

Cardiometabolic Risk Factors in Overweight and Obese Children and Adolescents. Pediatr Obes.
2014; 9(1):63-70. [PubMed: 23504985]

. Must A, Spadano J, Coakley EH, et al. The disease burden associated with overweight and obesity.

JAMA. 1999; 282:1523-1529. [PubMed: 10546691]

. Tobisch B, Blatniczky L, Barkai L. Cardiometabolic Risk Factors and Insulin Resistance in Obese

Children and Adolescents: Relation to Puberty. Pediatr Obes. 2013 Epub 2013/11/15.

. DeBoer MD. Ethnicity, obesity and the metabolic syndrome: implications on assessing risk and

targeting intervention. Expert Rev Endocrinol Metab. 2011; 6:279-289. [PubMed: 21643518]

. Steinberger J, Daniels SR, Eckel RH, et al. American Heart Association Atherosclerosis,

Hypertension, and Obesity in the Young Committee of the Council on Cardiovascular Disease in
the Young; Council on Cardiovascular Nursing; and Council on Nutrition, Physical Activity, and
Metabolism. Progress and challenges in metabolic syndrome in children and adolescents: a
scientific statement from the American Heart Association Atherosclerosis, Hypertension, and
Obesity in the Young Committee of the Council on Cardiovascular Disease in the Young; Council
on Cardiovascular Nursing; and Council on Nutrition, Physical Activity, and Metabolism.
Circulation. 2009; 119:628-647. [PubMed: 19139390]

. Kussmann M, Raymond F, Affolter M. OMICS-driven biomarker discovery in nutrition and health.

J Biotechnol. 2006; 124:758-87. [PubMed: 16600411]

. Newgard CB, An J, Bain JR, et al. A branched-chain amino acid-related metabolic signature that

differentiates obese and lean humans and contributes to insulin resistance. Cell Metab. 2009; 9:311-
26. [PubMed: 19356713]

10. Kim JY, Park JY, Kim OY, et al. Metabolic profiling of plasma in overweight/obese and lean men

using ultra performance liquid chromatography and Q-TOF mass spectrometry (UPLC-Q-TOF
MS). J Proteome Res. 2010; 9:4368-4375. [PubMed: 20560578]

Pediatr Obes. Author manuscript; available in PMC 2016 August 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Farook et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 10

Oberbach A, Bliher M, Wirth H, et al. Combined proteomic and metabolomic profiling of serum
reveals association of the complement system with obesity and identifies novel markers of body
fat mass changes. J Proteome Res. 2011; 10:4769-88. [PubMed: 21823675]

Fowler SP, Puppala S, Arya R, et al. Genetic epidemiologic investigation of metabolic syndrome in
Mexican American children and adolescents: The SAFARI study. Hum Genet. 2013; 132:1059—
1071. [PubMed: 23736306]

Wahl S, Yu Z, Kleber M, et al. Childhood obesity is associated with changes in the serum
metabolite profile. Obes Facts. 2012; 5:660-670. [PubMed: 23108202]

Oppenheimer JH, Schwartz HL, Lane JT, et al. Functional relationship of thyroid hormone induced
lipogenesis, lipolysis, and thermogenesis in the rat. J Clin Invest. 1991; 1991:87, 125-132.

Lanni A, Moreno M, Lombardi A, et al. 3,5-Diiodo-I-thyronine powerfully reduces adiposity in
rats by increasing the burning of fats. FASEB J. 2005; 19:1552-1554. [PubMed: 16014396]

Weinstein SP, Watts J, Haber RS. Thyroid hormone increases muscle/fat glucose transporter gene
expression in rat skeletal muscle. Endocrinology. 1991; 129:455-464. [PubMed: 2055200]

Weinstein SP, O’Boyle E, Haber RS. Thyroid hormone increases basal and insulin-stimulated
glucose transport in skeletal muscle. The role of GLUT4 glucose transporter expression. Diabetes.
1994; 43:1185-1189. [PubMed: 7926286]

Dimitriadis G, Parry-Billings M, Bevan S, et al. The effects of insulin on transport and metabolism
of glucose in skeletal muscle from hyperthyroid and hypothyroid rats. Eur J Clin Invest. 1997;
27:475-483. [PubMed: 9229227]

Proud D, Kaplan AP. Kinin formation: Mechanisms and role in inflammatory disorders. Annu Rev
Immunol. 1988; 6:49-83. [PubMed: 3289575]

Colman RW, Schmaier AH. Contact system: a vascular biology modulator with anticoagulant,
profibrinolytic, antiadhesive, and proinflammatory attributes. Blood. 1997; 90:3819-43. [PubMed:
9354649]

Dendorfer A, Wolfrum S, Dominiak P. Pharmacology and cardiovascular implications of the kinin-
kallikrein system. Jpn J Pharmacol. 1999; 79:403-426. [PubMed: 10361880]

Weil BR, Stauffer BL, Mestek ML, et al. Influence of abdominal obesity on vascular endothelial
function in overweight/obese adult men. Obesity (Silver Spring). 2011; 19:1742-1746. [PubMed:
21738236]

Peng ZY, Zhao SP, He BM, et al. Protective effect of HDL on endothelial NO production: the role
of DDAH/ADMA pathway. Mol Cell Biochem. 2011; 351:243-249. [PubMed: 21264497]

Miyata T, Taguchi T, Uehara M, et al. Bradykinin potentiates insulin-stimulated glucose uptake
and enhances insulin signal through the bradykinin B2 receptor in dog skeletal muscle and rat L6
myoblasts. Eur J Endocrinol. 1998; 138:344-352. [PubMed: 9539311]

Pretorius M, Brown NJ. Endogenous nitric oxide contributes to bradykinin-stimulated glucose
uptake but attenuates vascular tissue-type plasminogen activator release. J Pharmacol Exp Ther.
2010; 2010:291-297. [PubMed: 19841473]

lozzo P, Viljanen A, Guzzardi MA, et al. The interaction of blood flow, insulin, and bradykinin in
regulating glucose uptake in lower-body adipose tissue in lean and obese subjects. J Clin
Endocrinol Metab. 2012; 97:E1192-6. [PubMed: 22523335]

Xia X, Weng J. Targeting metabolic syndrome: candidate natural agents. J Diabetes. 2010; 2:243-
249. [PubMed: 20923500]

Ha CY, Kim JY, Paik JK, et al. The association of specific metabolites of lipid metabolism with
markers of oxidative stress, inflammation and arterial stiffness in men with newly diagnosed type
2 diabetes. Clin Endocrinol (Oxf). 2012; 76:674-82. [PubMed: 21958081]

Alexander D, Lombardi R, Rodriguez G, et al. Metabolomic distinction and insights into the
pathogenesis of human primary dilated cardiomyopathy. Eur J Clin Invest. 2011; 41:527-38.
[PubMed: 21155767]

Sjoberg BG, Su J, Dahlbom I, et al. Low levels of IgM antibodies against phosphoryl choline - A
potential risk marker for ischemic stroke in men. Atherosclerosis. 2009; 203:528-532. [PubMed:
18809177]

Pediatr Obes. Author manuscript; available in PMC 2016 August 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Farook et al.

Page 11

31. Kabadi SM, Lee BK, Liu L. Joint Effects of Obesity and Vitamin D Insufficiency on Insulin
Resistance and Type 2 Diabetes: Results from the NHANES 2001-2006. Diabetes Care. 2012;
35:2048-2054. [PubMed: 22751957]

Pediatr Obes. Author manuscript; available in PMC 2016 August 01.



Page 12

Farook et al.

1S6 NG 95800 pue ‘afe pue xas 40} a|nuadiad Yige> pue YiGe=< :yblamiano ‘afe pue xas Joj ajnusatad yige> :ybiam [ewlou :abe pue xas Aq sajnuadiad |INg Buisn paulyap aiam saliobared Em_m>>#

"abe pue xas 1o} ajnusdiad

‘30UBISISaY UlNsu|

- JUSWISSASSY JO |3POIA SISEISOBWOH Y I-VINOH ‘8p1adA|Bu 19 ] {|osaisajoyd utslosdodi| Avisuap ybiy :0-1aH ‘anssaid poojq d1j0lselp :dgq@ ‘ainssaid poojq 9110IsAS :dgsS ‘Xapul ssew Apoq :|ING
M

Author Manuscript

GOFTIT Y0¥8T 90FGT dI-YINOH
TSy 78716 L'8EF vl V'S F LIS (Wp/Bw) o1
LOTF Ty 08F0CY YT FE'GS (p/Bw) O-1aH
8.F9729 VLFEY9 8'GF 209 (6H ww) dga

SZ0T ¥ L'70T ZTTF0'90T €9¥200T (BH ww) dgs

TYF6.2 g€ F0ET 8ZF 18T (zw/Bx) 1Ing

G566 F 7168 v TVT ¥ 0708 8'86 ¥ 0°'€99 (Ww) 8oUBIBJWINIIID 1STEAN
9T - . LT—-9 /T—-8 (s1eak) abuey

8CFG0T 8€FCCl 6CFLIT (s1eak) aby

1S 1] €9 S9lewa

(96 40 as FuesN) | (9640 as FuesN) | (9% 40 @S F UBSN) aIqeLIEA

uEm_wEm>O #Em_m\s lewoN *

495800

uaJlpiyd (T = u) asaqo pue (£T= u) 1ybiamiano ‘(§T = u) yblam-[ewiou ay) Jo sonsiIgeIRy)

T alqel

Author Manuscript

Author Manuscript

Author Manuscript

Pediatr Obes. Author manuscript; available in PMC 2016 August 01.



Page 13

[oJaj191ed8]0ydI0URIId-/2'92'ST ve '€2-AX0IpAUIp-Z2 DT / £Q UlWenAloueluad-/2'92'Ge v2'€g-AX0IpAyIp-22 0T
M

M+N:._N+_>: 10, [H+A] uo paseq ale sassew pue mm_:EBH_m

T TVZE v6 9€£2E V6l A wstjogelsw pidif €200S0TOdOWT :AI NITLIW | dLONBHYeD (T:97) aunjoyooydsoyd
67 8€G5°9G/ 789596/ SY°0T wstjogesew pidi| 20S0T0Z0dONT ‘I NITLIW |  dBONBLHTD aulwe-jouealApnoydsoyd
67 SLYTT8e 052182 LE0T wsijoqelsw pioe Aney 0,2909ANH 20%HETY pI2E d18J0uIT
8T VYT SES LYST'SES Ge0T snouaBoxa-utueAaoyue T8E0TOZTMAINT ‘Al NITLIN ETQ9HY | (apisoon|B |A1e0e-g)-cuIpIAfeIN
6 9195'12L 7895°T2L 2rot wsijoqelsw pioe Aney 2,9.09ANH SO%HLD (9a) apuadA|6ia
v L0ZE'STY 722e STy SLL wsijogeIsw g UIweyA 08T0ZOE0LSNT :dI NITLIN EQZYHLEY g [0134001[eD
0 YSGE22S ¥SGE22S GG'S wstjogelsw pidi G8E0TAANH dON%H%) (T:81) OdosAT
LT 18GC'LYE 6TSCLYE 8r'y SeAIeALISp £Q UILENA TTO0ZOE0LSINT Al NITLIN EQYEHZLD ,£Q UlWENA
1 098T°T¥E 6T8T'TYE G8'€ aujuinb Jo anjogerow 160T09ANH EQINPZH0%D auIuINbAX0IpAH-g
€z 00LT'9%C TYIT'9vC rAseS WsI|ogeIaL 3UnIUIRd 8.£009ANH YONEZHZTD auniurelAoIAINgIAYIBIN-Z
T 151012 88L0°€L2 8T€ snousBoxa - prouenely 0,9209aAH SOSTHETD uluabueN
A €980°06T 8€80°06T 8e'C wsijogqesw ueydoydAn 20£209ANH 2ONT'HMD p1oe ouoidoud-g-ajopuj
Gt 0T9S'650T | ¥T¥S650T SLT Aemyped ur jou 9rZr0aaNH TTOSTNELHOSD ulupiApelg
9z vL0T¥LT T00T ¥.2 e wstjogelaw auouioy proJAy £99009QNH YONSTHS™D auuoIAy -
(wdd) aouesajol | ssew 1oex3 | ssew jenoy | (uiw) swiy uonusiey uonoeai/Aemylred al NIL3IW/aanH eBlnuLIOH Anuap|

Farook et al.

Apmis s1y1 Ul paiynuap! seNogeIsW 8y} JO SINSLIBIRIRYD

¢ ?olgel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Pediatr Obes. Author manuscript; available in PMC 2016 August 01.



Page 14

|oa419]ed3]0YdI0URIIAd-/ 2'92'GZ V2 '€ 2-AX0IpAYIp-2Z DT / €A c_EE_?_o:EcoQ.nm.om.mN.vN>mN->xEu>£u-Nm_dJ

‘snouaboxa
E]

‘saIjogeIBW 214198ds 8y} YHM (S0°0 S d) PareIdosse Ajfeuiwou (S1ND) SHedi 9110geIsw-01pJed Jo BQEJ:U

‘uosredwod o asodind ay) Joy umoys ate sdnoif asago pue JyBiam-[ewiou usamiaq coﬂ:ac_ooo

‘211e3/p|0g Ul umoys aJe Bunsa) ajdiinwi oy Bununodoe Jsye Emu_h_ca_wg

‘Y Ul euBlis Ul [e10) 0} pazifewou a1am seale ead mey ‘seale xead Uo paseq aiam safisuaiul yead pazifewioN,,

Pediatr Obes. Author manuscript; available in PMC 2016 August 01.

Farook et al.

g lanmisod 16T e0Tx¥Z | ¢-0Tx6T | §9LFG¥SE G'GLFE0LE 6'0L FGTLT pidi| (T:97) auijoyooydsoyd
9 Jonmsod 8¢'1T e-0TxV¢ | ¢-0Tx06 | TOT6+20G6Y | 99T8 ¥ 6'SGEY | 9'898 + G'8.8¢€ pidn aujwejo-ueyisjApnoydsoyd
14 T anneBau 12T e-0Tx¥C | ¢-0Tx0T | 06CF6729T 9'7C ¥ 8'65T €22 F 7'96T poe Aney pIoE d13]0UIT
€ 1 annebau 8T'T ¢ 0T x¥Yy | ¢0Tx6C | 8V8F6G9Y 9'89 ¥ 2'€9Y T'€9 ¥ 105G QUIUBAUIUY | (ap1s0aniB [A1008-9) SUIPIATEIA
v 1 annebou ve'T y-0Tx22 | y-0Tx29 | 22ZF90TT GYEF9OTT 8'EEF ¥'8YT p1oe Ayey (9Q) apudAIbia
4 1T aAnpeBau €1 e-0TxT¢C | ¢ 0TX8E | 8TCF.L 6VT 8'TE¥8'8LT 6'€C F6'€8T Q UlweyA g 1048J0011BD
€ T annebou 0zT e-0Tx 8% | 92700 8'85TF9'8Y6 | 9'€ETF9°£20T | 8'86T T 0'6ETT pidi (1:87) OdosAT
9 T anmeBau or'T e 0T x /'L 19700 9VTF0'¢S GCCF ¥ 8S 86T F92L £Q UIWeNA 4€Q UIWENA
9 1 aAnefau €Ll p-0Tx 9L | 40T x99 9EeF LTI TSFQET €8F6TC auiunb auIuINbAX0IpAH-¢
0 1 anirebau 8e'T ¢-0T x9¢C €ST0°0 08 F€'6C 00T ¥9'62 6'CTFS 0V auniuIed auuIea-1A01ANgIAYIBIN-Z
L 1 aAnebou €8T 90T x¥'T | o-0T x89 98FEVT 6L702€ TITFviY aPloueAey uluaBuLeN
) T annebou 60C 0T XET | ¢-0Tx6F 6TF6¢ TEF6¢E 9eF09 ueydoidAn pioe ouordoud-g-ajopul
g lannisod ITY 0T XTT | ¢-0Tx¥'G | 8TLFCeCT €6 FCTL TELFE6C Kemyged ut 10u ulupiApelg
9 1 aAlehau 9T'8T s-0Tx9%¢C | ;,-0Tx8Y¥ €0FS0 ¢T0F€0 60T F28 auowuoy p1oJAy} auIuoJAYL -
pPete[a.LI0d gc_o gc_o 2) 95900 1ybIamIanO [ew.IoN
SLIND T)eneA | eneA-d —
J0ON | Aussgo yum uonejaaion | 92PBUBWRPIOS | Jpuail | wAONY 2(@s F ueaw) Ausuaiul >iead pazifewioN Kemuyed 9110geIBIN Amuspl

Author Manuscript

uJp|IYd 8saqo pue yBIaMIaA0 YBIaM [eLIOU Ul S8)I|0CeISW UsalIN0y ay) O SoNsLIs1orIeyD

€9|gel

Author Manuscript

Author Manuscript

Author Manuscript



Page 15

Farook et al.

“oJaj1o[ed3]0ydI0UEIURd-/2'9Z G2 P2 €2-AX0IPAYIP-gZ T / £Q UlweNAlouBad-/2'92'SZ v €2-AX0IpAYIp-2Z DT

q

‘P10Q Ul UMOUS 818 30UBIIHIUBIS [BUILLOU UIIM SUOITR[S4I00 PUB J1[el/p|og Ul umoys aJe Buiise) ajdninw Joy Bununoaoe Jeyse Emo_tcm_mm

(2ezo)eT0 | (¥00°0) ¥¥'0 (zzro)vzo (T00°0>) 09'0 | (100°0>) 95°0- | (200°0) L0 (200°0) £L¥°0 (T:97) aujoyaoydsoyd
(6200) Lz0 | (t000>) €970 | (100°0) 80 (T000>) ¥90 | (120°0) GE°0- (€00'0) G¥°0 (¢000) 6570 aulwejoueya|Apnoydsoyd
(esz0) 81°0- | 0190°0) 62°0- | (6Y0°0) TE'0- | (¥20°0) SE0O- (etvo)ero | (1000>) 250- | (T00°0>) 6250~ p1oe d13j0UI
(651°0) 22’0~ | (060°0) LZ'0- | (260°0) 92°0- | (020°0) 980~ (s¥50) 010 | (T00'0>) 250~ | (T00°0>) GTG0- | (op1soon|Biisoe-g)-guIpIAeIN
(626'0) ¥000 | (zeT0)vz0- | (teT0)6T0- | (800°0) TH'O- (T00°0) 87°0 (0z0°0) 90— (z00) 89v'0- (9a) spusakibig
(zoT°0) 92°0- | (9€5°0) 60°0- | (00€0)9T'0- | (650°0) 620 (829°0) 80'0 (100'0) 05°0- | (600°0) 86€0- g |018}021[eD
(e6v'0) TT0 | (226'0)T00- | (182°0) 2T'0- | (6V0°0) TE0O- (eeT'0) 20 (900°0) zv'0- | (800°0) €O¥'0- 0d-0sA
(c000) Lv'0- | (€000) vv'0- | (€000) S¥'0- | (100°0) 8O- (c010) 92°0 (¥00'0) ¥¥'0- | (€00°0) 2G¥°0- q€Q UIWENA
(reo0) e€'0- | (esT0)€zo- | (tv00)2e0 | (100°0>)850- | (110°0)6€0 | (T00°0>) 650~ | (T00°0>) 0TS 0- auluNbAXoIpAH-¢
(teeo)sto | (LsT0) 220 (895°0) 60°0 (¥G2°0) 00— (rLy'0) TT°0 (891°0) 22°0- | (1292°0)LLT0- auniureajfoiAnaglApain-g
(900°0) zv'0- | (0€00) ve'0- | (ev00) 1€°0- | (T00°0) TG0- (8z00) ve'0 | (100°0>) 29°0- | (100°0>) 2590~ uluaBurieN
(66€0) €T'0 | (5€8'0) €00~ | (¥86°0) €000~ | (695°0) 60°0- (5€00) €€°0 (c000) 9v'0- | (100°0>)815°0- p1oe djuotdoud-g-sjopul
(t90'0) 620 | (rer0)veo (sv0°0) TE'0 (€00°0) 5¥°0 (t000) 15°0- | (1000>) €50 | (T00°0>) 5950 ulupiApelg
(LLz0) LT0- | (TvO0) 2ZE'0- | (6v0°0) TEO- | (9€0°0) 2E'0— (010°0) 6€°0 (ez00) se'0- | (2000) TL¥'0- auluolAy1-
e®neA-d) 1 | pleneA-d) 4 | plenfea-d) 4 e(eneA-d) 4 e(eneA-d) 4 eldnfeA-d) 4 eldnfeA-d) 4

VINOH daa das oldL 1aH IM INg .

(saren Jo Jred UBAIB  USBMISQ UOINR[AII0D =1) S1IRJ) D1]0qRISWOIPIRD Pale|al—A1ISago POOYP[IYD YIIM S811]0gRIaW JO UOIBIJ0SSY

Author Manuscript

v alqel

Author Manuscript

Author Manuscript

Author Manuscript

Pediatr Obes. Author manuscript; available in PMC 2016 August 01.



