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Abstract: Background: Calprotectin (CP) is a protein complex involved in many inflammatory diseases.
Obesity is characterized by low-grade inflammation and elevated circulating levels of calprotectin.
However, associations between body mass index (BMI) and calprotectin levels have not been explored
in otherwise healthy children. Methods: In accordance with Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines, we searched PubMed and Cochrane Library database
up to July 2019. Healthy children’s blood calprotectin values were extracted, and potential correlations
were explored. Results: A total of six studies that included data on 593 healthy children were identified.
Median calprotectin value was 900.0 (482.0; 1700) ng-mL~!. Multivariable analysis showed no significant
associations with age, sample type (serum vs. plasma), or sex. In contrast, a significant effect of BMI z-score
(p < 0.001) emerged. Indeed, a positive correlation between BMI z-score and CP, was detected in girls
(R: 0.48; p < 0.001) and boys (R: 0.39; p < 0.001). Conclusion: Calprotectin blood levels correlate with the
degree of adiposity in healthy children, but are not affected by age, sex, or sample type (serum or plasma).

Keywords: pediatric; SI00A8/A9; weight

J. Clin. Med. 2020, 9, 857; d0i:10.3390/jcm9030857 www.mdpi.com/journal/jem


http://www.mdpi.com/journal/jcm
http://www.mdpi.com
https://orcid.org/0000-0001-5180-9916
https://orcid.org/0000-0001-8195-6036
https://orcid.org/0000-0002-5169-9574
https://orcid.org/0000-0003-3541-2876
https://orcid.org/0000-0003-3778-7161
http://dx.doi.org/10.3390/jcm9030857
http://www.mdpi.com/journal/jcm
https://www.mdpi.com/2077-0383/9/3/857?type=check_update&version=2

J. Clin. Med. 2020, 9, 857 20f11

1. Introduction

Calprotectin (CP) is a protein complex composed of two subunits, SI00A8 and S100A9, and primarily
detected in polymorphonuclear neutrophils (PMN) [1]. When neutrophils are activated, CP is released
and serves as an endogenous ligand to the toll-like receptor 4 (TLR4) on the surface on PMN. CP and TLR4
interactions lead to activation of a transcriptional signaling pathway that results in the up-regulation
of pro-inflammatory cytokines such as tumor necrosis factor alpha (TNF-x) or interleukin 6 (IL-6).
Thus, CP’s role as ligand of TLR4 induces the initiation and maintenance of an inflammatory state [2].
CP-TLR4 complexes are present in some body compartments, including blood, feces, and synovial fluid
and have been implicated in several pediatric diseases [3]. Hence, CP’s role in inflammatory processes
has led to its adoption as a reliable marker of subclinical systemic inflammation [4].

Overweight and obesity are generally associated with a low-grade inflammatory state, as evidenced
by increased release of several proinflammatory cytokines and chemokines by adipose tissue. In adults,
CP blood levels are higher in obese subjects and decrease proportionately to weight loss after Roux-en-Y
gastric bypass surgery [5]. Similarly, CP blood levels are higher in obese children when compared to
non-obese children [6], but the correlation between body-mass index (BMI) and CP blood levels has not
specifically been addressed. The aim of this individual patient data meta-analysis was to determine
correlation between blood level of CP and BMI z-score in otherwise healthy children.

2. Materials and Methods

2.1. Data Source

The present systematic review and individual patient data meta-analysis were carried out in
accordance with the PRISMA statement (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) [7]. Systematic search was limited to English articles with full text available on
PubMed, Embase, Cochrane, and PsycINFO database from 1980 to July 2019.

2.2. Eligibility Criteria

The primary outcome was to determine correlation between blood levels of CP and BMI in healthy
children. Secondary outcomes were potential associations between blood levels of CP and age, seX,
and sample type (plasma or serum).

Studies included were case-control studies in which blood levels of CP were measured in healthy
and sick children, or in healthy children and adults compared to sick children and adults. Our work
exclusively focused on the data for healthy children. Studies were excluded if they included either
only sick children, only adults, if only fecal levels of CP were measured, or if no healthy children were
included in the study.

2.3. Search Strategy and Selection Criteria

Systematic search using title, abstract, and medical subject headings terms in order to identify
relevant publications containing not less than one term from each of the three following categories
of search terms used: “calprotectin”, “child”, and “plasma” or “serum”. The PubMed strategy is
described in the Supplementary Materials.

We made an additional search for studies in accordance with the inclusion criteria through hand
searching and previous review reference lists. This later search process was updated until September 2019.

2.4. Data Extraction, Evaluation, and Synthesis

Study selection followed PRISMA flow diagram (Figure 1). Relevant studies were reviewed
in full text, such as to determine their relevance for the meta-analysis. After reading titles and
eliminating duplicates (A.G. and E.R.), 43 abstracts were independently assessed by two authors
(A.G. and E.R.), and from these, 5 references were subjected to detailed analysis and included in
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the sample by consensus or majority decision. In the case of conflictive classification of a study by
the first two authors, another author (E.M.) examined the publication and a consensus was reached.
Previous literature reviews were immediately excluded.
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Figure 1. Studies selection following a Preferred Reporting Items for Systematic Reviews and
Meta-Analyses PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow
diagram. Studies were excluded when any healthy child was included, when fecal calprotectin was
assessed and when normal values of blood calprotectin originated from another study.

2.5. Data Extraction

We contacted all authors of the retained studies to obtain the individual datasets. Data of interest
included: age (years), gender (1 = boy, 2 = girl), weight (kg), height (cm), BMI (if available), Tanner stage
(if available), and CP values (ng~mL_1).

Data relating to general study information (authors, year of publication, sample size), study design
(cross-sectional or cohort studies), participant characteristics (age, sex), plasma or serum sample,
and results (mean and SD of calprotectin levels) were assembled in tabular format (Table 1).

2.6. Risk of Bias and Assessment of Study Quality

Methodological quality and risk of bias of included studies was determined by the Newcastle-Ottawa
Scale (NOS) [8], which contains eight categories relating to methodological quality. Each study was given an
eventual score out of a maximum of 10 points. A score of 0—4 points equated to a low quality study, a score
of 5-6 points equated to a moderate quality study, a score of 7-8 points equated to a good study, and a score
of 9-10 points was required for a study to be given a score of high quality (Figure S1). Eligible studies were
independently rated by two authors blind to the study authors and institutions (A.G. and E.R.).
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Table 1. Characteristics of included studies.

40f11

Sample Condition

Lower Detection

Population and . . .
Study/Year Condition Age Matrix Test Kit and Storage Limit Calprotectin Values
Mod./sev. OSA:7.20 + Mean = SD in pg-mL™!
Mod./sev. OSA (n = 34); 1.96 yr.; ELISA (R&D Fasting blood sample Mod./sev. OSA: 1.73 +
Kim et al. 2010 [9] Mild OSA (n = 106); Mild OSA: 7.65 + 1.55 Plasma Systems, centrifuged and 0.4 pug-mL~! 0.92;
Controls (n = 115) yr.; Minneapolis, USA) frozen at —80 °C Mild OSA: 1.27 + 0.87;
Controls: 7.81 + 1.44 yr. Controls: 1.02 + 0.85
Mod./sev. OSA:7.19 + Mean + SD in pg-mL™
Mod./sev. OSA (n = 26); 1.83 yr; ELISA (ALPCO Fasting blood sample Mod./sev. OSA:1.82 +
Kim et al. 2010 [10] Mild OSA (n = 85); Mild OSA:7.79 + 1.57 Plasma Diagnostics, centrifuged and 0.4 ug-mL’1 0.97;
Controls (n = 102) yr.; Salem, USA) frozen at —80 °C Mild OSA:1.28 + 0.91;
Controls: 7.71 £ 1.29 yr. Controls: 1.00 + 0.84
Low body weight Septic group: 8.7 d (95% . Mean (95% CI) in
newborns: CI: 7.2-10.1); Collected in EDTA 1
. . . ELISA (Calprest, . pug-mL
Terrin et al. 2011 Septic group (n = 62); Non septic group: 6.8 d . . tube, centrifuged for 1 .
. o Serum Eurospital, Trieste, ! 1.6 ng-mL Septic: 3.1 (2.9-3.4);
[11] Non septic group (n = (95% CI: 5.5-8.0); 10 min at 10,000 rpm, .
o Italy) o Non septic: 1.1 (0.9-1.2);
29); Controls: 6.9 d (95% CI: stored at —20 °C Controls: 0.91 (0.8-1.0)
Controls (n = 110) 6.1-7.7) T o
Group 1 (n = 51): not Coagulate for 30 min Medlarrll (Triiirlna)() "
exposed Group 2 (n = . & . 5
Cobanoglu et al. 46): exposed to Group 1: 8.6 + 1.6 yr.; Serum ELISA (Cusabio centrifuged for 15 min 2 neemL-1 Group 1: 0.00
2012 [12] ‘P Group 2: 8.4 + 1.3 yr. " Biotech, China) ~ at 10,000 rpm, frozen nem (0.00-17.82);
second-hand smoke at o
home at —20°C Group 2: 2.25
(0.00-106.87)
e sdomne R
Schellekens etal. - 2 ppendicitis (1= 33yr. (min-max: 5-79)  Plasma  Loiol (FIbt Uden, - tube, centrifuged for 10ngmL-l  AA:320.9 (193.4-492.4);
2013 [13] the Netherlands) 12 min at 2100 rpm,
233); frozen at —20 °C Controls: 219.9
Controls (n =52) (104.3-323.0)
Median (IQR) in
Calcaterra et al Normal weight (1 = 39); NW:12.3 £ 5.1 yr; ELISA (Calprest, pg-mL™!
’ Overweight (1 = 36); OW:114 +4.0yr.; Serum Eurospital, Trieste, ND 0.3 pg-mL™1 NW: 1.1 (0.9-2.1);

2018 [6]

Obesity (n = 56)

Ob: 114 +3.0yr.

Italy)

OW: 1.85 (1.1-4.7);
Ob: 2.65 (1.6-4.2)

Mod./Sev.: moderate to severe; yr.: years; d: days; CI: confidence interval; IQR: interquartile range; SD: standard deviation; OSA: obstructive sleep apnea; AA: acute appendicitis; NW:
normal weight; OW: overweight; Ob: Obesity; ND: not done; com.: commercially available.
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2.7. Statistical Considerations

The statistical analyses were performed using Stata software (version 13, StataCorp, College Station,
TX, USA). For descriptive analyses, categorical data were presented with numbers and percentages,
whereas continuous data were expressed as mean and standard-deviation or median and interquartile
range, according to the statistical distribution. The assumption of normality was assessed by using the
Shapiro-Wilk test. All analyses took into account between- and within-study variability. More precisely,
random-effects models were preferred over the usual statistical tests to address the non-independence
of data due to study effect. Thus, linear mixed models were used to study the variables associated to
CP, i.e., age, sex, BMI z-score, and sample type. The normality of residuals and of random effects was
determined using the Shapiro-Wilk test, and the logarithmic transformation of CP values was proposed
to achieve the normality of the dependent endpoint (calprotectin). The intraclass correlation coefficient
(ICC) related to the study effect was estimated. The relationship between continuous variables was
studied using correlation coefficient (Pearson or Spearman, according to the statistical distribution).
As CP values from Cobanoglu et al.’s study are two orders of magnitude lower than the other studies,
a sensitivity analysis was performed excluding these data.

3. Results

3.1. Studies Selection

The schematic reflecting study selection is shown in Figure 1. Database searching led to
identification of 269 articles. After duplicate removal, 222 articles were retained. Articles were then
assessed based on title and abstract, which led to the elimination of 179 articles. Full text evaluation of
43 articles was then conducted with elimination of 19 articles. We contacted authors from each of the
potentially viable articles and solicited the de-identified datasets corresponding to healthy children
measurements included in their studies. Five authors agreed to collaborate while the others disagreed.
Reasons for disagreement were as follows: data were not available for three studies (two were done
in 1996 and one in 1997), one study was excluded because no healthy child actually took part in the
study, and one was excluded because of author refusal. Thus, six studies were finally included in the
individual patient data meta-analysis. The mean score of the quality of studies (NOS checklist) was
7.5 £ 0.7/10. The quality of studies selected for the meta-analysis was considered good.

We added 26 samples from our center, which were obtained in healthy children in the fasting
state. Samples were immediately centrifuged, after collection, at 3000 g for 10 min at 4 °C and stored at
—80 °C until analysis. Plasma CP levels were measured using a commercially-available ELISA assay
(Bithlmann MRP8/14 Calprotectin ELISA kit; Bithlmann Laboratories, Schonenbuch, Switzerland),
which has an inter-assay coefficient of variability (CV) of 5.8%, an intra-assay CV of 4.3%, and a low
detection limit of 400 ng-mL~!. Analyses were performed in duplicate for all samples.

3.2. Study Characteristics

The characteristics of the six included studies are summarized in Table 1. Of the studies included
in this meta-analysis, healthy subjects were compared to children with obstructive sleep apnea in
two studies [9,10] and to children with either sepsis [11], suspected appendicitis [13], second-hand
smoke [12], or obese children in one study each [6]. One of the authors [9,10] provided the data
corresponding to two studies but also including unpublished results without further specification.
These results are presented in a single line in Tables 2 and 3.
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Table 2. Patient characteristics based on available data.

Study Year Country Sample Type Il: ;Itln; li);:;fs Girls/Boys cP V(ﬂg_enslflllim()d Age (Years) BMI z-Score
Kim J etal. ¥[9,10] 2010 United States Plasma 252 106/146 1194.7 + 856.3 76+15 2.82 +2.59
Terrin G et al. [11] 2011 Italy Serum 139 58/81 952.5 £ 543.5 0.018 + 0.010 NK
Cobanoglu et al. [12] 2012 Cyprus Serum 51 25/26 1.72 +3.39 84+13 1.82 +1.56
Schellekens D et al. [13] 2013 Netherlands Plasma 4 0/4 193.6 +97.4 15.0+26 NK
Calcaterra et al. [6] 2018 Italy Serum 122 65/57 2680.3 + 2169.8 11.1+£3.2 2.36 £ 1.69
Merlin et al. # 2018 France Plasma 26 16/10 419.9 + 264.5 10.7 + 3.3 0.09 + 1.47

¥ Data from Kim et al. [9,10] came from 2 studies and unpublished results; no distinction was done between results from different sources. b2 unpublished data from our center. Results are
presented as mean + SD. CP: calprotectin; NK: not known.

Table 3. Mean calprotectin values for all studies.

Authors n Mean SD Q1 MED Q3 P5 P95 MIN MAX Cv
Kim et al. [9,10] 252 1194.73 856.63 550.00 963.50 1566.50  250.00  2789.00 100.00  4930.00 0.72
Terrin et al. [11] 139 952.52 543.52 500.00 800.00 1200.00  200.00  2000.00 100.00  3300.00 0.57
Cobanoglu et al. [12] 51 1.73 3.40 0.00 0.00 1.90 0.00 6.80 0.00 17.80 1.97
Schellekens et al. [13] 3 193.63 97.41 113.10 165.90 301.90 113.10 301.90 113.10 301.90 0.50
Calcaterra et al. [6] 122 2680.33  2169.88  1100.00 1950.00  3400.00  600.00 7300.00  400.00  10,000.00  0.81
Merlin et al. 26 419.91 26447 303.30 336.80 460.70 177.30 883.90 140.80 1415.60 0.63
Meta-Analysis 593 880.75 255.36 482 900 1700

Intraclass correlation coefficient (ICC): 36%. SD: standard deviation; Q1: first quartile; MED: median; Q3: third quartile; P5: fifth percentile; P95: ninety-fifth percentile; Min: minimum;
MAX: maximum; CV: coefficient of variation.
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3.3. Subject Characteristics

Subject characteristics are shown in Table 2. We included in the meta-analysis 567 healthy children
from six studies [6,9-13] and 26 healthy children from unpublished data from our center. Among the
593 healthy children, there were 270 girls and 323 boys, with a mean age of 6.8 + 4.4 years at the time
of CP assay. CP was measured in plasma for three studies (1 = 282) and in serum for the other three
(n = 312). BMI was available for four of the studies, and the mean BMI z-score was 2.45 + 2.3.

3.4. Meta-Analysis and Sensitivity Analysis

For all studies (n = 593), the median CP value was 900.0 (482.0; 1700.0) ng-mL_l, with an intraclass
correlation coefficient (ICC) of 36% (Table 3). There were four studies that provided data of BMI z-score
(Kim et al. [9,10], Cobanoglu et al. [12], Calcaterra et al. [6], and Merlin et al.); the pooled sensitivity
value (n = 439) for median CP was 971.0 (431.0; 1840.0) ng-mL ™!, with an ICC at 37%. A sensitivity
analysis was carried out excluding Cobanoglu et al. [12] data. Multivariate analysis (1 = 388) by study,
age, sex, and BMI z-score showed no effect for age (p = 0.57) and sex (p = 0.14) but detected a significant
effect for BMI z-score (p < 0.001) on CP levels. More precisely, the relationship between CP and BMI
z-score was 0.45 without Cobanoglu et al. [12] data (vs. 0.44 with), and 0.42 for boys (vs. 0.39) and 0.47
for girls (vs. 0.48).

3.5. Subgroup Analyses

Multivariate analysis (1 = 439) by study, age, sex, BMI z-score, and sample type showed no effect
for age (p = 0.35), sample type (p = 0.34), or sex (p = 0.054) but detected a significant effect for BMI
z-score (p < 0.001) on CP levels. Correlation analysis between BMI z-score and corresponding CP
values (n = 439, Figure 2 and Table 4) revealed significant correlation coefficients of 0.48 among girls
(p < 0.001) and 0.39 among boys (p < 0.001).
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Figure 2. Individual calprotectin values (ng'mL~!) according to gender plotted against corresponding
BMI z-score in otherwise healthy children.
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Table 4. Regression table for univariate and multivariate results.

Univariate Analysis ! Multivariable Analysis 2

Correlation Coefficient Coefficient Correlation
Boys 0.39 0.118 (0.076; 0.159), p < 0.001
Girls 0.48 0.116 (0.072; 0.160), p < 0.001

1 Spearman correlation coefficient; 2 Linear mixed models with CP log-transformed and adjusted on age and sample
type in addition to study as random-effect.

Median CP blood levels were similar in children with BMI z-score < 1.34 (581.0 (309.8; 1100.0)
ng-mL™!) and BMI z-score 1.34-1.65 (703.5 (431.0; 1257.0) ng-mL"!; p = 0.61). However, they were
significantly higher in children with BMI z-score > 1.65 (1301.5 (630.0; 2237.0) ng-mL!) than those
with BMI z-score < 1.34 (p < 0.001) or BMI z-score 1.34-1.65 (p = 0.04).

To ascertain that age did not affect CP values, we defined five age groups and analyzed the data
for girls and boys separately. Figure 3 and Table 5 show that CP blood levels were stable regardless
of age (p = 0.25 for boys and p = 0.97 for girls). In addition, median CP blood levels were similar in
plasma (883.9 (468.0; 1535.0) ng'mL~!) and in serum (1000.0 (500.0; 1800.0) ng-mL"~!; p = 0.45).
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Figure 3. Calprotectin blood concentrations (ng~mL_1) according to age (year) grouping (n = 593).

Table 5. Calprotectin blood concentrations (ng-mL~!) according to sex and age groups.

Year(s) <1 (>1-<7) (>7-<8) (>8-<10) >10 P
Boys
n 81 68 48 64 62
Mean+SD 8494 +4553  1356.7 £949.8 8029 +850.5  9772+937.3 17528 +1666.1 0.25
Median 1165
(min-max) 800 (100-2300) (100-4824) 498.8 (0-2789) 812 (0-4420) 1150 (0-7300)
Girls
n 58 48 43 52 69
Mean+SD 10965 +622.9 13953 +1556.0 1169.1 £936.,5 1216.7 +1658.5 2277.1 +2400.3 0.97
Median 1100 1060 803.5
(min-max) (100-3300) (189-10,000) 978 (0-3400) (0-10,000) 1400 (0-8800)

p-Values were estimated using linear mixed models with CP log-transformed and study as random-effect.
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4. Discussion

In adults, the strong association between obesity and systemic inflammation has long been
recognized and conclusively demonstrated [14,15]. Here, we provide data originating from seven
separate studies showing that the link between BMI and subclinical inflammation could be a continuous
phenomenon that seems to begin early in life. Furthermore, current findings in the linear increases in
CP suggest that even small deviations from ideal body weight may be associated with the initiation of
inflammatory processes and thereby foster cardiovascular disease risk [16].

We surmise that in terms of metabolic health it appears as insufficient to consider “obese” and
“non-obese” children as a dichotomous condition. Instead, the ideal “wellness state” should therefore
include a much more refined evaluation of body composition and adipose tissue distribution along with
a combination of several non-overlapping biomarkers that would include CP [17]. Indeed, circulating
CP is not only a biomarker of inflammation but also in its protein complex state as a dimer stimulates
the recruitment and activation of neutrophils and monocytes. CP is therefore a potent activator of
inflammation. In overweight adults, CP correlates with neutrophil blood count and cardiovascular
disease, and with other inflammatory molecules such as IL6 or C reactive protein (CRP). It is well known
that such proteins are not only surrogate markers but are also directly involved in the pathophysiology
of deleterious processes leading to end organ damage [18]. In children, other parameters are also found
to linearly correlate with BMI and include blood polymorphonuclear count [19], IL-6, or CRP [20].
Hence, although the correlation coefficients between BMI and CP are not very strong, our data provide
further support to our contention that BMI z-score in children may associate with later adverse events
even among children whose body weight is within the normative range.

On the other hand, the link between CP levels and BMI z-score shows substantial dispersion,
from which we infer that many other factors modulate the intensity of subclinical inflammation.
For example, polyunsaturated fatty acids exert different tissue-dependent effects on CP levels [21].
Unlike a previous report [6], we did not find sex to be a significant modulator of CP levels, although
a trend was potentially present. We should, however, point out that the effect of gender on CP
levels is complicated by the variable dynamic changes associated with transition from pre-pubertal to
pubertal states.

From a bioenergetics point of view, one could assume that excessive intake must be metabolized
by the body, either toward storage in adipocytes, or toward expenditure primarily via the two major
concurrent adaptive systems, i.e., locomotion or physical activity and immunity. This concept of
“energetic concurrency” between physical activity and immunity is postulated to account for the
reductions in inflammation that occur with exercise. Of note, CP levels will decrease after a six-month
physical exercise program in adults with rheumatological conditions [22]. To our knowledge, it is not
known whether physical activity levels will inversely correlate with CP levels in otherwise healthy
people, especially healthy children.

Our study work has several limitations that are worthy of mention when interpreting the results.
Only six studies were available for meta-analysis, and the total number of subjects included was
not as extensive as one would prefer. More importantly, the cohort sizes were quite heterogeneous
between the different studies. The sample type (serum vs. plasma) and the assay methods used to
quantify CP concentrations also diverged in these studies. Pre-analytical processing and assay type
may have impacted the levels of CP. This could be the case for the study by Cobanoglu et al. [12]
whose CP values were two orders of magnitude lower than other studies. The pre-analytical process in
this study used a coagulated sample, which is not the case in other studies. However, the sensitivity
analysis without data of Cobanoglu et al. [12] showed no difference with reported results. In addition,
only published studies in English were considered, and we could not address confounding factors.
Therefore, significant and important data obtained in either unpublished studies or in studies written
in other languages could have been omitted.
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5. Conclusions

Our study shows that in healthy children, the blood levels of CP seem to be correlated with the
BMI z-score, suggesting that sub-clinical inflammation is a continuous process influenced by adiposity
even when the criteria for overweight or obesity are not met, and that such changes are detectable even
in young children. Our findings therefore place into question the relevance of defining a rigid threshold
to define overweight or obese, and rather propose that we consider BMI z-score as a continuous
variable when estimating the risk of subsequent health impairments.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/3/857/s1,
Figure S1: The Newcastle-Ottawa Scale (NOS) for assessing the quality of studies.
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Abbreviations

BMI body mass index

CP calprotectin

CRP C-reactive protein

ICC intraclass correlation coefficient
ELISA enzyme linked immunosorbent assay
MRP8/14 myeloid related protein 8/14

NOS Newcastle-Ottawa scale

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
SD standard deviation

TLR-4 toll-like receptor 4
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