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of inflammation in pre-school age
children
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. inflammation. Our objective was to determine if this relationship exists in preschool-aged children.

. Asubset of children (n=71, 35 males), 3.7 - 1.0y, were studied from n =515 children recruited

. from randomly selected daycares in Montréal, QC. According to WHO charts for 2-5y, 49 children

were healthy weight (HW) and 21 were overweight (OW). Adiposity was determined through dual-

: energy x-ray absorptiometry. Blood concentrations of C-reactive protein (CRP) and tumour necrosis

. factor alpha (TNFo) were determined via enzyme-linked immunosorbent and multiplex assays,
respectively. OW children had higher (p =0.03) android:gynoid ratio 0.50 + 0.09 compared to HW

. children 0.56 1+ 0.12, indicating excess fat was predominantly stored in the abdominal depot. CRP

. was higher (p =0.01) in OW children 1.45 + 2.02 mg/L compared to HW 0.74 4-1.38 mg/L. Percent

. fat was correlated with CRP (r=0.32; p < 0.01) and TNFa (r =0.25; p=0.04) concentrations. CRP

. also correlated with android adiposity (r=0.24; p=0.04) and TNFo correlated with gynoid adiposity
(r=0.24; p=0.04). We observed that greater adiposity is associated with higher systemic inflammation
in pre-school aged children. Future longitudinal studies are needed to understand the long term
consequences of excess total and regional body fat in young children.

Evidence shows that the increase in the incidence of overweight and obesity in adults is also occurring in pre-
school age children'. The most recent population-level assessment reporting on body mass index (BMI) in
. Canadian 2-5 year olds found approximately 17% were overweight or obese’. At this time, research examining
. the implications of carrying excess adipose tissue has been dominated by studies in adult populations with results
from these studies often being extrapolated to children. However, these extrapolations come with limitations,
as there are several physiological differences between children and adults. Studies conducted in children are
required to accurately assess the implications of obesity in this population.
In adults, several studies have found a relationship between increased adipose tissue mass and systemic
. inflammatory markers® This relationship is especially salient to upper body/android adipose tissue which has
- been described to be associated with greater inflammation than lower body/gynoid adipose tissue®*. The greater
. inflammation observed in individuals with android obesity has been shown, in part, to contribute towards the
. greater risk for developing metabolic diseases including cardiovascular disease and type 2 diabetes™°. A num-
© ber of causes have been proposed for why this phenomenon occurs, most of which culminate in an increase in
. pro-inflammatory cytokines such as tumor necrosis factor-alpha (TNFa) and C-reactive protein (CRP)”-°.
Although the positive relationship between increases in adipose tissue and systemic inflammation has
. been well established in adults'®-!* and teenagers'*-'7, few studies have examined this relationship in youth
6-12 years'®!? and young children 2-5 years*>*'. Furthermore, to our knowledge, there has yet to be a study
examining the association between regional adipose tissue mass and inflammation in children 2-5 years of age.
The objective of this study was to determine if a relationship between whole body and regional adiposity and
markers of inflammation exists in pre-school age children. We hypothesize that systemic inflammation will
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increase with greater whole body mass and that there will be a stronger association between inflammation and
android adiposity compared to gynoid adiposity.

Methods

Study Population and Protocol. This study examined a subset of preschoolers (n ="71) who underwent
whole body fan-beam clinical dual-energy X-ray absorptiometry (DXA) scans. This subset was obtained from a
larger sample of pre-school age children (n =514, 2-5 years old) who were recruited from a random sample of
licensed daycares in the greater Montreal area (n="77). The daycares included represented 10% of the daycares
registered with the Ministére de la Famille et des Aines, (n =733), which represents 91% of the Greater Montreal
regions. Pamphlets outlining the details of the study were sent home to 8440 parents. Of these parents, 625 agreed
to be contacted. After screening for eligibility over the telephone, 570 children were initially recruited to partic-
ipate in the study. Children were included if they were healthy and term born. Children were excluded if they
had a disease causing disturbances of bone metabolism, known or suspected chronic illness of childhood, use
of medication known to affect bone metabolism in the past 3 months, history of prior treatments for vitamin D
deficiency, and severe anemia. Due to absences, lack of cooperation on the assessment days or insufficient sample
volume, a final sample size of 514 children was obtained. A detailed description of participant inclusion has been
previously described?.

Anthropometric measures and capillary blood samples were collected by a registered nurse who attended each
daycare for the purposes of this study. All 514 children were invited for a DXA scan conducted by a trained per-
sonal at the Mary Emily Clinical Nutrition Research Unit, McGill University. Of the 514 children, 71 agreed to the
DXA scan. When anthropometric and descriptive characteristics where compared, the 71 children who under-
went a DXA scan were not significantly different from the other 443 children except for in age, with the children
who underwent a DXA scan being older (p=0.001) than those who did not. All 71 DXA scans were successfully
completed with no movement breaks in the images. Reports of recent physician visits were examined to exclude
children with a recent illness and resulting elevated inflammation. Of the 71 children, two were excluded for
having abnormally high levels of CRP and TNFa defined by greater than five standard deviations from the mean.

Ethics. The McGill University Faculty of Medicine Institutional Review Board approved this study and the
secondary use of collected data. A parent or legal guardian provided written informed consent before the study.
All measures were conducted in accordance to guidelines and regulations.

Anthropometric Measures and Body Composition.  All anthropometric and body composition meas-
ures were taken while children were wearing light clothing (shorts and T-shirt) and no shoes. Height and weight
was measured using standard procedures by a registered nurse at each daycare and by trained personnel at the
Mary Emily Clinical Nutrition Research Unit on the day of each DXA scan??. Height was measured with a port-
able stadiometer (Seca 213, Seca Medical Scales and Measuring Systems, Hamburg, Germany) and body weight
was measured with a digital scale (Home Collection 63-8711-0, Trileaf Distribution, Toronto, ON, Canada).

BMI was calculated as weight (kg)/ height (m)2. Children were divided by BMI percentiles according to World
Health Organization charts for Canadian boys and girls, aged 2-19 years?*. According to these charts, children
were categorized as underweight (<3 percentile, n = 1), healthy weight (3-85 percentile, n=49), or overweight
(>85 percentile, n =21) with no children falling into the obese category (>99 percentile). If children were clas-
sified using the CDC sex-specific BMI-for-age growth charts n =6 children (3 males) would have been classified
as obese.

To determine whole body and regional measures of adiposity, children underwent a whole body DXA scan
(APEX version 13.2:3; Hologic, 2005, 4500A Discovery Series, Bedford, MA). After careful placement of whole
body regions, the software automatically generates android and gynoid regions. The android region is defined
with a lower limit of the iliac crest and upper limit set at 20% of the distance from the iliac crest to the base of the
mandible. The gynoid region is defined with an upper limit of the iliac crest to an inferior distance that is 1.5 times
the height of the android region.

Biochemical Assessment. A registered nurse collected 1 ml capillary blood samples by finger lance. All
blood samples were collected between 0800 h and 1200 h and stored on ice between time of collection and arrival
to the laboratory. At the laboratory, samples were centrifuged at 3000 g and 4 °C for 20 minutes. Plasma aliquots
were stored at —80 °C until time of analysis.

Plasma CRP concentrations were measured using enzyme-linked immunosorbent assays (R&D Systems
Quantikine, Minneapolis, Minn., USA; DRG International Inc., Mountainside, N.J., USA; Bachem, Bubendorf,
Switzerland). Plasma TNF« concentration was measured using multiplex assay for small-volume samples (cat-
alog No. HMHMAG- 34K, Millipore, Billerica, Mass., USA). There was no lower limit of detection (LOD) in
the analysis of CRP. The LOD for TNFa with this assay was 0.3 pg/mL. If values were below the LOD they were
reported as LOD/2 rather than zero. The average confidence interval on triplicate measurements (n = 30) was
6.7% for CRP and 9.8% for TNFo.

Statistics. Data were first checked for normality using Shapiro-Wilks tests. Where possible non-parametric
data was normalized using log transformations (total fat mass and android fat mass). CRP was not normally dis-
tributed and transformed data failed to meet the conditions of normality; thus non-parametric tests were used
for this variable. Independent sample t-tests (parametric) and Mann-Whitney U (non-parametric) were used to
compare differences between healthy and overweight children. A univariate analysis of variance (ANOVA) with
Fisher’s least significant difference (LSD) post hoc was then used to test for differences in sex by weight categories.
To test for the effect of covariates; sex and age, an analysis of covariance (ANCOVA) was run.
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Healthy Weight 3rd-85th | Overweight > 85th

Variables BMI° (n=49) BMI° (n=21) p-value
Sex (M, F) 47%, 53% 57%, 43%

Age (years) 39409 33+11 0.02
BMI z-score —0.37+0.64 1.104+0.54 <0.01
Percent Fat (%) 255+3.8 31.3£5.7 <0.01
Total Fat Mass (kg)" 43407 57+1.2 <0.01
Android Fat Mass (g)" 189+50 285+116 <0.01
Gynoid Fat Mass (g) 777 £160 1042 +226 <0.01
Android:Gynoid 0.50+0.09 0.56+0.12 0.03
CRP (mg/L)* 0.74+1.38%* 1.45+2.02 0.01
TNFa (ng/L) 6.85+2.88%* 7.94+3.18 0.06

Table 1. Participant characteristics by weight category. Data are mean + SD. P-value shown for Independent
samples t-test or "Mann-Whitney U unadjusted for sex and age. Tlog transformed, *n=47.

To determine if correlations existed between regional and whole body measures of adiposity and markers of
inflammation Pearson (parametric) and Spearman (non-parametric) correlations were conducted. To test for
covariates; sex and age, a partial correlation test was used. Further covariates, race and household income, were
examined however, are not reported as they did not affect the statistical analyses. Data were further split into
healthy and overweight categories and correlations were run again to determine if the strength of any existing
correlations changed. Studies that examine CRP and TNF« in children are limited. A study by Alvarez et al.'®
measured CRP and TNFa in overweight vs. lean children 7-12y. Based on their measurements a mean difference
and a standard deviation (SD) of 0.93 mg/L and 0.45 ng/mL, respectively in CRP, and 0.59 ng/mL and 0.66 ng/mL
concentrations in TNFa is expected. Therefore, we would need 20-21 participants per group to detect a signifi-
cant difference at «=0.05 and 3 =0.80. All data were analyzed with SPSS v22 (Cary, NC). All data are presented
as mean = SD with p < 0.05 defined as significantly different.

Results

Participant Characteristics. Of the 71 children included in the study, the average age was 3.7 & 1.0 years
and 35 were male. The average BMI-for-age z-score was 0.04 &= 0.95 with the majority (n =49) of children being
healthy weight, between the 3rd and 85th percentiles. The average android:gynoid ratio and percent fat was
0.5240.11 and 27.2 £ 5.1%, respectively.

When children were split into overweight and healthy weight categories, males comprised 57% (n=12) of
overweight and 47% (n=23) of healthy weight children (Table 1). Healthy weight children were older than those
who were overweight (p =0.02; Table 1). BMI z-score, total fat mass and percent fat were significantly higher
in overweight children (p < 0.01; Table 1). All measures of regional adiposity (android fat mass and gynoid fat
mass) were significantly higher in overweight children (p < 0.01; Table 1). Overweight children had a signifi-
cantly greater android:gynoid ratio of 0.56 & 0.12 compared to healthy weight children at 0.50 £0.09 (p =0.03).
Differences in the android:gynoid ratio between healthy and overweight children were no longer significant when
sex, and age were controlled for.

Markers of Inflammation. Circulating concentration of CRP was significantly greater in overweight com-
pared to healthy weight children at 1.45 & 2.02 mg/L and 0.74 & 1.38 mg/L, respectively (p=0.01; Table 1). When
results were adjusted for sex they remained significant, however, when age was added to the model they were no
longer significant. On average concentration of TNFo was greater in overweight children, with a trend (p=0.06)
towards significance, at 7.94 4 3.18 ng/L compared to 6.85 & 2.88 ng/L in healthy weight children (Table 1). This
trend no longer existed when sex, and age were controlled for. Overweight males had significantly higher levels of
TNFa than overweight females, and healthy weight males and females (p < 0.05).

Relationships between Whole and Regional Adiposity and Inflammation. Both CRP (r=0.32;
p <0.01) and TNF« (r = 0.25; p = 0.04) were positively correlated with percent fat (Fig. 1). There were no cor-
relations between other whole body measures of adiposity (BMI, total fat mass) and markers of inflammation
(Table 2). Android fat mass positively correlated with CRP (r =0.24; p=0.04) but not TNFc. In contrast, gynoid
fat mass positively correlated with TNFa (r = 0.24; p=0.04) but not CRP. All results remained significant when
age and sex were controlled for. When children were divided into healthy and overweight categories, the strength
of the correlation between CRP and percent fat increased to moderate at r =0.62 (p < 0.01) in overweight chil-
dren. A negative correlation (r = —0.47, p < 0.05) between fat free mass and CRP was also observed in overweight
children.

Discussion

To our knowledge this is the first study to examine the association between systemic markers of inflammation and
regional and whole body adiposity in children 2-5 years of age. Our findings show children who were overweight
had significantly higher levels of CRP than healthy weight counterparts. Furthermore, both CRP and TNF« pos-
itively correlated with percent fat mass with the correlation in CRP being stronger in overweight children. There
were no clear associations between regional measures of adiposity and systemic markers of inflammation, with
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Figure 1. Pearson (TNFa) and Spearman (CRP) correlations between inflammatory markers and percent fat,
android fat mass and gynoid fat mass. n =68, -represents a correlation in the whole group; o represents healthy
weight; X represents overweight.

BMI (kg/m?) 0.09 0.18
Total Fat Mass (kg)® 0.17 0.18
% Fat (%) 0.32%% 0.25%
Android Fat Mass (g)* 0.24%* 0.16
Gynoid Fat Mass (g) 0.20 0.24*
Android:Gynoid 0.09 —0.004

Table 2. Relationship between inflammatory markers and measures of adiposity. Data are Pearson (TNFa) or
Spearman (CRP) correlation coefficients: *p < 0.05; **p < 0.01; n =68. Tlog transformed. Controlled for age and sex.
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both the android and gynoid depot correlating with one marker of inflammation but not both. Before sex and age
were controlled for, overweight children had a significantly greater android:gynoid ratio indicating excess adipose
tissue was predominantly stored in the android region.

Higher levels of inflammation have previously been found in overweight youth'#! and adults'*-!* when com-
pared to healthy weight individuals however, few studies have examined this relationship in young children under
the age of 5 years?®!. In adults, the increase in systemic inflammation resulting from excess adipose tissue has
been linked to the development of type 2 diabetes and cardiovascular disease**?. Circulating concentration of
CRP is now used in clinical settings to determine the risk of a cardiovascular event in adults; a concentration of
<1.0mg/L indicating low risk, 1-3 mg/L moderate risk, and >3.0 mg/L high-risk?. In youth and children (1-17
years), there is yet to be a clinically establish concentration for elevated CRP. Similarly, there is no clinically estab-
lished risk level of elevated TNFa in children or adults.

In our study, we found that compared to healthy weight counterparts, children who were overweight had
increased concentrations of TNFa and double the concentration of circulating CRP. Our results are consistent with
the study by Skinner et al.*® whose examination of NHANES data showed that very obese 3-5year old children
had a greater prevalence of high CRP. In our study, the positive age and sex adjusted correlations between percent
fat mass and CRP and TNFa further supports that adipose tissue contributes to increases in these inflammatory
markers. At this time, it cannot be said if elevated levels of systemic inflammation at a young age causes significant
or lasting damage to the vascular system that would contribute to the development of cardiovascular disease in
later life. Presently there is a lack of both cross sectional and longitudinal data following children throughout their
development to know the effect of elevated adipose tissue mass and systemic inflammation in early years.

Utilizing DXA scans allowed for the accurate measure of whole body and regional body composition in study
participants. Previous studies in children in the 2-5 year age range have relied on inferior methods to measure
adiposity such as skin fold assessments, bio-electrical impedance analysis or waist: hip radio”. Overweight chil-
dren had a higher android:gynoid ratio than healthy weight children. The greater android:gynoid ratio indicates
that children were predominantly storing excess adipose tissue in their abdominal depot. If this trend continues
throughout their development, they could be at an increased risk for the early onset of metabolic disease?®%.

We found no distinct associations between android or gynoid adiposity and makers of inflammation as posi-
tive associations were observed between CRP and android fat mass, and TNFo and gynoid fat mass. In adults, the
predominant storage of excess weight in the abdominal depot compared to the gynoid depot has been correlated
with increased levels of circulatory inflammatory markers and increased risk of metabolic disease>. One reason
for our observations may be that body morphology varies greatly between and within children as they grow and
develop through these early years®. Likely, the relationship between elevated inflammation and abdominal adi-
posity does not occur until after the age of 5as found by Staiano et al.’!.

Since this study is cross sectional in design we are unable to delineate whether the differences in regional
adipose tissue caused changes in inflammatory markers. The relationships we found in this study are important
first steps towards understanding how adiposity affects inflammation in children. In our study, as defined by
the World Health Organization charts for boys and girls, there were not any children with obesity. It is plausible
that including children with obesity would have resulted in clearer associations between regional adiposity and
inflammation. It should be noted, however, that there were significant differences in regional adipose tissue depot
mass between the children with healthy and overweight, and there was a large range in regional fat depot masses
within our study participants. According to the latest Statistics Canada report, the prevalence of overweight/
obesity in Quebec children in the 2-5 age range is 26.1%>%.

In this study, we were unable to delineate between upper body subcutaneous and visceral adipose tissue mass.
Though the direct quantification of visceral adipose tissue via MRI would have been ideal, the cost, access, and
most importantly, difficulty in conducting an MRI scan in this age group was prohibitive. The use of the DXA
in our study provided accurate measurement of total and regional fat depots. This is the first study of this scale
to examine whole body DXA scans and inflammatory risk factors in young children. Future longitudinal studies
should examine the long term risk associated with the weight driven increase in systemic inflammatory markers
in young children. Specifically, the age of onset and the years of exposure to elevated levels of systemic inflamma-
tion should be examined. By furthering our knowledge in this area of study, we will be able to better understand
the long term consequences of childhood obesity.

In conclusion, our study found young children in the 2-5y age range had a weight associated increase in
systemic inflammatory markers. Future longitudinal studies are needed to understand the long term conse-
quences of excess total and regional body fat in young children. Our results show, even in this age range, that
children are negatively affected by carrying excess adipose tissue perpetuating the importance of early preven-
tion programs.

Data Availability
The datasets generated during and/or analyzed during the current study are not publicly available due to the
inclusion of individuals who are minors but are available from the corresponding author on reasonable request.

References

1. StatsCanada. Table 105-2026 (2015).

2. Wellen, K. E. & Hotamisligil, G. S. Obesity-induced inflammatory changes in adipose tissue. J Clin Invest 112, 1785-1788, https://
doi.org/10.1172/JCI20514 (2003).

3. Manigrasso, M. R. et al. Association between circulating adiponectin and interleukin-10 levels in android obesity: effects of weight
loss. ] Clin Endocrinol Metab 90, 5876-5879, https://doi.org/10.1210/jc.2005-0281 (2005).

4. Koster, A. et al. Body fat distribution and inflammation among obese older adults with and without metabolic syndrome. Obesity
(Silver Spring) 18, 2354-2361, https://doi.org/10.1038/0by.2010.86 (2010).

SCIENTIFICREPORTS| (2018) 8:15204 | DOI:10.1038/s41598-018-33054-1 5


http://dx.doi.org/10.1172/JCI20514
http://dx.doi.org/10.1172/JCI20514
http://dx.doi.org/10.1210/jc.2005-0281
http://dx.doi.org/10.1038/oby.2010.86

www.nature.com/scientificreports/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

. Wiklund, P. et al. Abdominal and gynoid fat mass are associated with cardiovascular risk factors in men and women. J Clin

Endocrinol Metab 93, 4360-4366, https://doi.org/10.1210/jc.2008-0804 (2008).

. Patel, P. & Abate, N. Body fat distribution and insulin resistance. Nutrients 5, 2019-2027, https://doi.org/10.3390/nu5062019

(2013).

. Coppack, S. W. Pro-inflammatory cytokines and adipose tissue. Proc Nutr Soc 60, 349-356 (2001).
. Trayhurn, P. & Wood, I. S. Signalling role of adipose tissue: adipokines and inflammation in obesity. Biochem Soc Trans 33,

1078-1081, https://doi.org/10.1042/BST20051078 (2005).

. de Heredia, F. P., Gomez-Martinez, S. & Marcos, A. Obesity, inflammation and the immune system. Proc Nutr Soc 71, 332-338,

https://doi.org/10.1017/S0029665112000092 (2012).

Hotamisligil, G. S., Arner, P, Caro, J. E, Atkinson, R. L. & Spiegelman, B. M. Increased adipose tissue expression of tumor necrosis
factor-alpha in human obesity and insulin resistance. J Clin Invest 95, 2409-2415, https://doi.org/10.1172/JCI117936 (1995).
Nicklas, B. J. et al. Diet-induced weight loss, exercise, and chronic inflammation in older, obese adults: a randomized controlled
clinical trial. Am J Clin Nutr 79, 544-551 (2004).

Manco, M. et al. Effect of massive weight loss on inflammatory adipocytokines and the innate immune system in morbidly obese
women. ] Clin Endocrinol Metab 92, 483-490, https://doi.org/10.1210/jc.2006-0960 (2007).

van Beek, L. et al. Increased systemic and adipose tissue inflammation differentiates obese women with T2DM from obese women
with normal glucose tolerance. Metabolism 63, 492-501, https://doi.org/10.1016/j.metabol.2013.12.002 (2014).

Halle, M., Korsten-Reck, U., Wolfarth, B. & Berg, A. Low-grade systemic inflammation in overweight children: impact of physical
fitness. Exerc Immunol Rev 10, 66-74 (2004).

Retnakaran, R., Hanley, A. J., Connelly, P. W,, Harris, S. B. & Zinman, B. Elevated C-reactive protein in Native Canadian children: an
ominous early complication of childhood obesity. Diabetes Obes Metab 8, 483-491, https://doi.org/10.1111/j.1463-1326.2006.00533.x
(2006).

Abdullah, A. R, Hasan, H. A. & Raigangar, V. L. Analysis of the relationship of leptin, high-sensitivity C-reactive protein,
adiponectin, insulin, and uric acid to metabolic syndrome in lean, overweight, and obese young females. Metab Syndr Relat Disord
7, 17-22, https://doi.org/10.1089/met.2008.0045 (2009).

Rosa, J. S. et al. Inflammatory cytokine profiles during exercise in obese, diabetic, and healthy children. J Clin Res Pediatr Endocrinol
3, 115-121, https://doi.org/10.4274/jcrpe.v3i3.23 (2011).

Ruiz, J. R., Ortega, E. B., Warnberg, J. & Sjostrom, M. Associations of low-grade inflammation with physical activity, fitness and
fatness in prepubertal children; the European Youth Heart Study. Int ] Obes (Lond) 31, 1545-1551, https://doi.org/10.1038/sj.
1j0.0803693 (2007).

Alvarez, J. A. et al. Fasting and postprandial markers of inflammation in lean and overweight children. Am J Clin Nutr 89,
1138-1144, https://doi.org/10.3945/ajcn.2008.26926 (2009).

Skinner, A. C,, Steiner, M. J., Henderson, E W. & Perrin, E. M. Multiple markers of inflammation and weight status: cross-sectional
analyses throughout childhood. Pediatrics 125, €801-809, https://doi.org/10.1542/peds.2009-2182 (2010).

Ouyang, S. et al. Association between serum soluble tumor necrosis factor-alpha receptors and early childhood obesity. Endocr ] 63,
581-587, https://doi.org/10.1507/endocrj.EJ15-0628 (2016).

El Hayek, J. et al. Vitamin D status in Montreal preschoolers is satisfactory despite low vitamin D intake. ] Nutr 143, 154-160, https://
doi.org/10.3945/jn.112.169144 (2013).

Organization, W. H. WHO Growth Charts. (2018).

Bastard, J. P. et al. Recent advances in the relationship between obesity, inflammation, and insulin resistance. Eur Cytokine Netw 17,
4-12 (2006).

Mathieu, P, Lemieux, I. & Despres, J. P. Obesity, inflammation, and cardiovascular risk. Clin Pharmacol Ther 87, 407-416, https://
doi.org/10.1038/clpt.2009.311 (2010).

Ridker, P. M. Clinical application of C-reactive protein for cardiovascular disease detection and prevention. Circulation 107,
363-369 (2003).

Eisenmann, J. C., Heelan, K. A. & Welk, G. J. Assessing body composition among 3- to 8-year-old children: anthropometry, BIA, and
DXA. Obes Res 12, 1633-1640, https://doi.org/10.1038/0by.2004.203 (2004).

Singh, A. S., Mulder, C., Twisk, J. W,, van Mechelen, W. & Chinapaw, M. J. Tracking of childhood overweight into adulthood: a
systematic review of the literature. Obes Rev 9, 474-488, https://doi.org/10.1111/j.1467-789X.2008.00475.x (2008).

Simmonds, M. et al. The use of measures of obesity in childhood for predicting obesity and the development of obesity-related
diseases in adulthood: a systematic review and meta-analysis. Health Technol Assess 19, 1-336, https://doi.org/10.3310/hta19430
(2015).

Physical status: the use and interpretation of anthropometry. Report of a WHO Expert Committee. World Health Organ Tech Rep
Ser 854, 1-452 (1995).

Staiano, A. E., Gupta, A. K. & Katzmarzyk, P. T. Cardiometabolic risk factors and fat distribution in children and adolescents. ]
Pediatr 164, 560-565, https://doi.org/10.1016/j.jpeds.2013.10.064 (2014).

Lamontagne, P. & Hamel, D. Le poids corporel chez les enfants et adolescents du Québec: de 1978 a 2005. Institut national de santé
publique du Québec (2009).

Acknowledgements

This study was originally funded by The Dairy Farmers of Canada, The Canada Foundation for Innovation, and
The Beef Information Council. SS holds a Canadian Research Chair (Tier 2) in Clinical Nutrition. HAW holds a
Canada Research Chair (Tier 1) in Nutrition and Health Across the Lifespan.

Author Contributions

K.Z.D. completed data analysis and interpretation, generated the tables and figures, and wrote the manuscript.
C.A.V. was the coordinator for data collection. H.A.W. designed the original study, oversaw the data collection and
interpretation. S.S. designed the secondary study, oversaw the data analysis and interpretation, and manuscript
writing. All authors were involved in revising the manuscript to its final version.

Additional Information
Competing Interests: The authors declare no competing interests.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

SCIENTIFICREPORTS| (2018) 8:15204 | DOI:10.1038/s41598-018-33054-1 6


http://dx.doi.org/10.1210/jc.2008-0804
http://dx.doi.org/10.3390/nu5062019
http://dx.doi.org/10.1042/BST20051078
http://dx.doi.org/10.1017/S0029665112000092
http://dx.doi.org/10.1172/JCI117936
http://dx.doi.org/10.1210/jc.2006-0960
http://dx.doi.org/10.1016/j.metabol.2013.12.002
http://dx.doi.org/10.1111/j.1463-1326.2006.00533.x
http://dx.doi.org/10.1089/met.2008.0045
http://dx.doi.org/10.4274/jcrpe.v3i3.23
http://dx.doi.org/10.1038/sj.ijo.0803693
http://dx.doi.org/10.1038/sj.ijo.0803693
http://dx.doi.org/10.3945/ajcn.2008.26926
http://dx.doi.org/10.1542/peds.2009-2182
http://dx.doi.org/10.1507/endocrj.EJ15-0628
http://dx.doi.org/10.3945/jn.112.169144
http://dx.doi.org/10.3945/jn.112.169144
http://dx.doi.org/10.1038/clpt.2009.311
http://dx.doi.org/10.1038/clpt.2009.311
http://dx.doi.org/10.1038/oby.2004.203
http://dx.doi.org/10.1111/j.1467-789X.2008.00475.x
http://dx.doi.org/10.3310/hta19430
http://dx.doi.org/10.1016/j.jpeds.2013.10.064

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International
CE | jcense, which permits use, sharing, adaptation, distribution and reproduction in any medium or

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2018

SCIENTIFICREPORTS| (2018) 8:15204 | DOI:10.1038/s41598-018-33054-1 7


http://creativecommons.org/licenses/by/4.0/

	Regional adiposity and markers of inflammation in pre-school age children

	Methods

	Study Population and Protocol. 
	Ethics. 
	Anthropometric Measures and Body Composition. 
	Biochemical Assessment. 
	Statistics. 

	Results

	Participant Characteristics. 
	Markers of Inflammation. 
	Relationships between Whole and Regional Adiposity and Inflammation. 

	Discussion

	Acknowledgements

	Fi﻿gure 1 Pearson (TNFα) and Spearman (CRP) correlations between inflammatory markers and percent fat, android fat mass and gynoid fat mass.
	Table 1 Participant characteristics by weight category.
	Table 2 Relationship between inflammatory markers and measures of adiposity.




