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Objective: Overweight and obesity is a pro-inflammatory state. This study aimed to examine

the level of the salivary obesity markers in normal weight (NW) and overweight/obese (OW/OB)

children, association with the obesity measures and the interrelations between the biomarkers.

Subjects and methods: Seventy-six children (40 normal weight and 36 overweight/obese)

were recruited for this study. Body weight, height, and waist circumference measurement

were obtained. The saliva sample was collected from all the participants. According to the

Center for Disease Control and Prevention (CDC), the participants were classified into the

normal weight or overweight/obese depending upon the body mass index (BMI) percentile

ranking. The obesity panel of salivary markers resistin, C-C Motif Chemokine Ligand 2

(CCL2)/monocyte chemotactic protein-1 (MCP-1), tumor necrosis factor-alpha (TNF-α),

interleukin-6 (IL-6), C-reactive protein (CRP), complement factor D, and interleukin-10

(IL-10) were determined using human magnetic Luminex performance assay. The receiver

operating characteristics (ROC) analysis was used to determine the area under the curve

(AUC) to identify the best salivary biomarker in children. Linear regression and Pearson’s

correlation analyses to determine the association between the parameters.

Results: The obesity biomarkers resistin, MCP-1, TNF-α, IL-6 and CRP were significantly

high in overweight/obese compared to normal weight. Salivary CRP (AUC: 0.866, 95% CI:

0.780–0.952; p<0.0001) showed superiority area under ROC curves with good discrimina-

tory power than resistin, MCP-1, TNF-α, and IL-6. BMI z-score, WC z-score, and WHtR z-

score showed a significant association (p<0.0001) with CRP. The CRP significantly

(p<0.0001) correlated with resistin, CCL2/MCP-1, TNF-α, IL-6, and IL-10 by linear regres-

sion and Pearson’s correlation analysis.

Conclusion: Increased level of salivary CRP in children may be considered as a non-

invasive marker for childhood obesity for detection of the risk factors for the development of

metabolic dysregulation.
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Introduction
Childhood obesity is one of the most serious public health challenges. Since 1970s,

the childhood obesity has more than tripled in the United States.1 Every one in five

school age children are obese.2 Alabama is the 6th highest ranked state with

obesity, with more than 35% of the children being overweight and obese.3 The

increasing prevalence of childhood obesity raises concern about the risk of devel-

oping metabolic dysregulation such as type 2 diabetes and cardiovascular diseases

among obese children as they grow into adulthood. Early detection of the risk

factors to develop the metabolic dysregulation in children is critical for effective

interventions.
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In this study, we are using a non-invasive, simple,

harmless, and appropriate measure to analyze the obesity

markers in children.4 Saliva sample used as a diagnostic

fluid instead of blood as it is more economical and easier

to handle for children.5 The saliva contains several biolo-

gical markers as the circulating molecules are continu-

ously secreted into the saliva.6 Various biomarkers

present in the saliva can be determined using ELISA

assays for diagnosis of various diseases in children and

adults.7–9 The biomarkers focused in this study are adipo-

kines markers resistin, monocyte chemotactic protein-1

(MCP-1); proinflammatory cytokines tumor necrosis fac-

tor-alpha (TNF-α), interleukin-6 (IL-6); inflammatory

C-reactive protein (CRP); anti-inflammatory marker

IL-10; and complement protein (Factor D/adipsin) in

healthy and overweight/obese children. The adipokines

are important determinants of metabolic syndrome and

chronic inflammation associated with obesity.10 The

macrophages in the adipocytes are of two types M1 (clas-

sically activated) and M2 (alternatively activated). The

proinflammatory cytokines (TNF-α, IL-6) are secreted by

M1 macrophages, and the receptor antagonists (IL-10 and

IL-1) are secreted by M2 macrophages.10,11 Obesity and

insulin resistance increase the numbers of M1 macro-

phages in adipose tissue and elevate the expression of

cytokines.12 Resistin is a 12-kDa peptide that belongs to

the family of “Resistin-like molecules” and is expressed

by the macrophages.13 Resistin expression levels have

found to correlate with inflammatory markers, insulin

resistance, and type 2 diabetes.14–17 MCP-1 or chemokine

(C-C motif) ligand 2 (CCL-2) is a chemoattractant

secreted by adipocytes. Increased MCP-1 plasma levels

have found to be associated with obesity.18,19 The comple-

ment factor D (Cfd)/adipsin is secreted by the adipose

tissue and is involved in protection against infection. The

expression of Cfd decreased in obese and diabetic mouse

models.20–22 CRP is a sensitive marker of low-grade

inflammation and is a risk factor for cardiovascular

complications.23–25 The level of systemic CRP is higher

in obese children is a risk factor to develop the metabolic

syndrome in early life.26,27

There is limited research focusing on the association of

obesity measures with the salivary obesity markers speci-

fically in elementary school children. The aim of this study

was to examine the level of the salivary obesity markers in

normal weight (NW) and overweight/obese (OW/OB)

children, association with the obesity measures, and the

interrelations between the biomarkers.

Materials and methods
Study population
Seventy-six participants (40 NW and 36 OW/OB) aged

between 6 and 10 years old were enrolled from Lee

County and Macon County, Alabama. Approval was

obtained for the study (protocol # 17-310 MR 1708) by

the Auburn University Institute Review Board (IRB), and

signed written consent form was collected from all parents

and participants. Prior phone survey from the parents was

obtained to ratify none of the children with a history of

diabetes or cardiovascular disease in the current study.

Anthropometric measurements
Anthropometric measurements were collected from the

participant as per the World Health Organization (WHO)

recommendations. Body weight was evaluated to nearest

0.1 kg using Tanita digital Scale (WB-800H plus) without

shoes and with light clothing,28 and height was measured

with a stadiometer attached to the scale. In accordance

with Centers for Diseases Control and Prevention (CDC)

growth chart, BMI was calculated based on the body

weight and height obtained. Participants were classified

as underweight (<5th percentile), normal weight (≥5th to

≤85th percentile), overweight (>85th to ≤95th percentile),

and obese (>95th percentile) based on their BMI values.29

SPSS macro (WHO growth reference 2007) was used to

calculate BMI z-score by adjusting age and sex.30 The

waist circumference (WC) was measured using flexible

tape closest to 0.1 cm. WC and waist to height ratio

(WHtR) z-scores were derived from waist circumference

and height of the participants using R macro package.31

Measurement of salivary biomarkers by

multiplex analysis
The participants were informed not to eat or drink 30 mins

prior to saliva collection. Saliva samples were collected

during screening of participants in the daytime between

2017 and 2018 throughout the year. The whole saliva

samples were collected using saliva collection aid

(SalivaBio LLC, PA, USA) in 2.0 mL vials and centri-

fuged to remove debris and other cells at 2,800 rpm at 4°C

for 20 mins. Centrifuged salivary supernatant was trans-

ferred to a new cryovial and stored at −80°C until assayed.

Measurement of obesity biomarkers was performed in

saliva samples using Luminex magnetics multiplex assay

kit. The panel used to evaluate obesity markers in saliva

was human magnetic Luminex performance assay, Obesity
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Panel-7plex (catalog # LOBM000, R&D systems, MN,

USA) for 7 analytes (CRP, IL-6, complement factor D,

IL-10, MCP-1, resistin, and TNF-α). All magnetic luminex

assays were performed as per the manufacturer protocols.

Saliva samples were thawed at 4°C in an ice bucket over-

night. Briefly, all reagents brought to room temperature

before use. Wash buffer was prepared from 25X to 1X

using double distilled water. Standard cocktail and samples

were prepared in calibrator diluent RD5K. Series of stan-

dards were prepared as 3-fold dilution from the highest

standard and samples are prepared 1:2 dilution.32

Magnetic beads, dilution of biotin-antibody, and streptavi-

din-PE were prepared as per the manufacturer protocol

before use. For the assay, 96-well plate was pipetted with

50 µL of standards or samples as duplicate in each well

followed by 50 µL of diluted microparticle cocktail. The

plate was securely covered with foil plate sealer and incu-

bated for 3 hrs at room temperature in a horizontal plate

shaker with a speed of 800±50 rpm. Plates were washed

with 1X wash buffer using Bio-Plex handheld magnetic

washer three times and incubated with 50 µL biotin-anti-

body cocktail for 1 hr at room temperature in a plate

shaker. Repeated the wash step three times and 50 µL

diluted streptavidin-PE was added to each well. Plates

were incubated at room temperature in the shaker for 30

mins. After streptavidin-PE incubation, plates were

washed and microparticles complex were suspended in

100 µL of wash buffer and placed on a shaker for 2

mins. The plates were read within 90 mins using a Bio-

Plex 3D analyzer and data were acquired with exponent

software. Data were generated from the software by gen-

erating a five parametric logistic (5-PL) curve fit. Salivary

protein estimation was performed using Pierce Rapid Gold

BCA protein assay kit (Catalog # A53226, Thermo Fisher

Scientific, MA, USA) as per the manufacturer instruction

and normalized with the obesity markers.

Statistical analysis
The sample size was calculated with 80%> power with a

Type 1 error probability of 0.05 to identify a logical differ-

ence in obesity markers and association analysis between

NW and OW/OB groups using the free power and sample

size calculation (PS) software v 3.1.6 and verified with the

sample size requirement table.33 Two-group comparison was

performed by GraphPad prism (5.0, GraphPad Software, CA,

USA) for unpaired t-test. The results are expressed as mean

±standard error in the text and in the box whisker graph

medianwas shown. Distribution of obesity parameters highly

skewed data were natural logarithm transformation was per-

formed before statistical analysis to achieve normality using

SPSS (version 24, IBM, Armonk, NY, USA). The Receiver

Operating Characteristic (ROC) curve analysis was per-

formed to determine the diagnostic accuracy of the different

biomarkers of obesity. The area under the curve (AUC) was

calculated, and it distinguishes participants with high and low

biomarkers. The value of AUC ranges between 1 (perfect

test) and 0 (worthless test). Pearson’s correlation and linear

regression analysis were done between various parameters to

determine the significantly affected biomarkers.

Results
The study participants anthropometric measurement of

NW and OW/OB groups is provided in Table 1. A total

of 76 participants were classified into 2 groups (NW and

OW/OB). NW group contains 20 male/20 female (50%

each) and OW group was 21 (58% male)/15 (42% female).

There was no significant difference between two groups

with age and height of the participants. Body mass index

(BMI) z-score was significantly higher in OW/OB group

(2.02±0.11; n=36) compared to NW (−0.04±0.13; n=40;
p<0.0001) group. WC and its z-scores were significantly

(p<0.0001) higher in children with OW/OB (71.19±1.44;

1.26±0.08) in comparison with NW (60.18±0.74; 0.15

±0.08) group. Similarly, the WHtR z-score showed an

increase in the OW/OB group (1.02±0.08; n=36) com-

pared with NW group (−0.13±0.10; n=40; p<0.0001).
The Magnetic Luminex performance assay results for

the salivary obesity marker panels are given in Figure 1 as

graphical representation. Seven probes were measured in

saliva samples, and among these, CRP, resistin, MCP-1,

TNFα, and IL-6 showed significant increase in the con-

centration of OW/OB groups compared with NW group.

Salivary adipokine resistin (1,843.23 pg/mL vs 769.88 pg/

mL) and MCP-1 (80.45 pg/mL vs 18.24 pg/mL) in OW/

OB participants was 2.4- and 4.4-fold higher median than

NW participants (Figure 1A and B). The variance between

NW and OW/OB children was significant for resistin and

MCP-1 at p<0.0001 level. The proinflammatory cytokines

TNF-α (4.34 pg/mL vs 2.87 pg/mL) and IL-6 (24.05 pg/

mL vs 7.06 pg/mL) was 1.5 and 3.4 times higher median

and significantly (p<0.001) increased compared to NW

(Figure 1C and D). The inflammatory biomarker CRP in

the saliva of OW/OB (215.50 pg/mL) was almost 6-fold

higher median and significantly (p<0.0001) greater than

NW group (36.71 pg/mL) (Figure 1E). The anti-inflamma-

tory marker IL-10 (1.64 pg/mL vs 12.47 pg/mL) and
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complement protein D/adipsin (3,634.89 pg/mL vs

5,767.14 pg/mL) were decreased 7.6- and 1.6-fold, respec-

tively, in OW/OB subjects in comparison with NW sub-

jects (Figure 1F and G). However, there was no significant

difference between these two biomarkers concentration in

saliva samples of NW and OW/OB participants. One to

five samples from three of the seven analytes did not fall

within the detectable standard range, and these reflects in

the “n” numbers.

ROC with area under curve (AUC) was analyzed to

resolve the predictive value of anthropometric measure-

ments and assessment of salivary biomarkers that have a

significant difference between OW/OB and NW group

(Table 2 and Figure 2). The area under the ROC curves

for the BMI z-score is (AUC: 0.992, 95% CI: 0.978–

1.000; p<0.0001), WC z-score (AUC: 0.943, 95% CI:

0.886–1.000; p<0.0001) and WHtR z-score (AUC: 0.943,

95% CI: 0.891–0.994; p<0.0001). CRP (AUC: 0.866, 95%

CI: 0.780–0.952; p<0.0001) showed superiority area under

ROC curves with good discriminatory power among the

other obesity biomarkers. However, the AUC values for

other biomarkers MCP-1 (0.715), resistin (0.731), IL-6

(0.673), and TNF-α (0.694) were lower than 0.75 for

predicting the suitable obesity marker in the participants

salivary samples (Table 2 and Figure 2).

Since the area under ROC was greater than 0.75 for

CRP and it represents as a good diagnostic value of a

biomarker,34 we further analyzed the association of CRP

with the anthropometric measurements. A positive correla-

tion of the log-transformed CRP with BMI z-score, WC

z-score, and WHtR z-score was observed in the scatterplot

as shown in Figure 3. All the three obesity measures such

Table 1 Anthropometric measurements of study subjects

Parameter NW OW/OB p-value

Sex (N=76) 40 36 -

Male/Female (41/35) 20/20 21/15 -

Age (years) 8.38±0.23 8.49±0.23 p<0.73

Height (cm) 131.9±1.82 135.6±1.67 p<0.14

Weight (kg) 28.32±1.05 39.32±1.83*** p<0.0001

BMI (kg/m2) 16.01±0.24 21.10±0.50*** p<0.0001

BMI z-score −0.04±0.13 2.02±0.11*** p<0.0001

Waist Circumference (cm) 60.18±0.74 71.19±1.44*** p<0.0001

WC z-score 0.15±0.08 1.26±0.08*** p<0.0001

WHtR z-score −0.13±0.10 1.02±0.08*** p<0.0001

Notes: ***p-values were compared to NW group. Data presented as mean±SEM.

Abbreviations: BMI, body mass index; WC, waist circumference; WHtR, waist-to-height ratio; NW, normal weight; OW/OB, overweight/obese; SEM, standard error.
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Figure 1 Salivary concentration of obesity markers in comparison with normal weight (NW) and overweight/obese (OW/OB) participants. Magnetic Luminex performance

multiplex assay shows the expression of (A) resistin (n=40 and 36), (B) CCL2/MCP-1 (n=40 and 36), (C) TNF-α (n=40 and 36), (D) IL-6 (n=40 and 31), (E) CRP (n=40 and

35), (F) IL-10 (n=40 and 33), and (G) complement Factor D/adipsin (n=40 and 36). Data are expressed with Box-Whisker plots with median, first (25th percentile) and third

(75th) quartile range with minimum and maximum of the blot. ***p<0.0001 vs NW; **p<0.001 vs NW.

Abbreviation: NS, not significant.
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Table 2 Area under the curve derived by ROC curve analysis

Parameter AUC SE Cut-off Sensitivity 1-Specificity Significance 95% CI

Lower Upper

BMI z-score 0.992 0.007 1.11 0.97 0.03 0.0001 0.978 1.000

WC z-score 0.943 0.029 0.71 0.94 0.08 0.0001 0.886 1.000

WHtR z-score 0.943 0.026 0.48 0.90 0.13 0.0001 0.891 0.994

CRP 0.866 0.044 4.54 0.87 0.25 0.0001 0.780 0.952

Resistin 0.731 0.063 7.19 0.61 0.25 0.001 0.606 0.855

MCP-1 0.715 0.065 4.13 0.65 0.15 0.002 0.587 0.844

TNF-α 0.694 0.067 1.74 0.55 0.18 0.005 0.564 0.825

IL-6 0.673 0.066 2.70 0.61 0.33 0.01 0.544 0.801

Abbreviations: ROC, receiver operating curve; AUC, area under curve; BMI, body mass index; WC, waist circumference; WHtR, waist-to-height ratio; CRP, C-reactive

protein; MCP-1, monocyte chemoattractant protein 1; TNF-α, tumor necrosis factor – α; IL-6, interleukin-6; SE, standard error; CI, confidence interval.
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as BMI z-score, WC z-score, and WHtR z-score showed a

significant association (p<0.0001) with CRP concentration

along with Pearson correlation values of r=0.573, r=0.542,

and r=0.525, respectively (Table 3).

In addition to the anthropometric measurements, CRP

showed significant association with resistin, MCP-1, TNF-

α, IL-6, and IL-10 except complementary factor D by

linear regression and Pearson’s correlation analysis as

shown in Figure 4 and Table 3. A positive correlation of

CRP was observed with resistin (r=0.547; p<0.0001),

MCP-1 (r=0.448; p<0.0001), TNF-α (r=0.679; p<0.0001),

and IL-6 (r=0.738; p<0.0001). The CRP was inversely

correlated with anti-inflammatory cytokine IL-10 with an

r-value of 0.406; p<0.0001.

Discussion
This study aimed to determine a non-invasive marker of

obesity for early detection of the risk factors to develop the

metabolic dysregulation in children. The findings of this

study suggest that the salivary levels of CRP, resistin,

MCP-1, TNF-α, and IL-6 were significantly increased in

overweight/obese children compared to normal weight.

This indicates that obesity increases the risk factors of

developing metabolic syndrome such as type 2 diabetes

and cardiovascular diseases in early stages of life as shown

in other studies. In this study, we also analyzed the area

under the ROC curve for all the obesity measures and the

significantly increased biomarkers in OW/OB group to

confirm the probability of the biomarker. According to

the statistical analysis, when the AUC is greater than

0.90, the biomarkers are considered as excellent diagnostic

value, 0.75–0.90 as good diagnostic value, 0.50–0.75 as

poor value, and less than 0.50 as no diagnostic value.34

The AUC for all the obesity measures (BMI z-score, WC

z-score, and WHtR z-score) was greater than 0.90 and

with more than 0.90 sensitivity and 1-specificity lower

than 0.13. All the anthropometric measurements are con-

sidered as excellent diagnostic value and used to determine

obesity. The AUC for CRP found to be 0.866, cut-off of

4.54 with the sensitivity of 0.87 and 1-specificity of 0.25.

Based upon the values, salivary CRP was considered as

good diagnostic value and used as a biomarker. The AUC

for all the other salivary biomarkers resistin, MCP-1, IL-6,

and TNF-α were less than 0.75 and considered as poor

diagnostic value for a biomarker.

A significant and positive correlation was determined

between salivary CRP and all the obesity measures by

linear regression and Pearson correlation analyses and T
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suggests a link between inflammation and childhood obe-

sity. Association between obesity and inflammation in

children is reported in several studies.35,36 Elevated CRP

is correlated with the risk of developing diabetes mellitus,

a major factor for cardiovascular complications.37

Increased levels of systemic CRP are associated with

features of the metabolic syndrome.38–40

This study demonstrates that obese children are asso-

ciated with a chronic low-grade inflammation and can be

determined by an increase in the level of biomarkers in

saliva sample. In particular, the CRP level is significantly

higher in obese children, and with greater AUC compared

to other biomarkers in saliva. All the obesity measures

and cytokines such as resistin, MCP-1, TNF-α, IL-6, and
anti-inflammatory IL-10 correlate significantly with sali-

vary CRP. Resistin levels in plasma are shown to be

elevated with increased metabolic syndrome and cardio-

vascular risk.41–44 Elevated MCP-1 levels are associated

with obesity and are reduced by weight loss in obese

participants with metabolic syndrome.45,46 IL-6 and

TNF-α are significantly increased in patients with meta-

bolic syndrome.47–49 Previous study showed that the cir-

culating anti-inflammatory cytokine IL-10 concentration

is lower in obese children, negatively correlated with

percentage of body fat, and can serve as a marker for

metabolic risk in children.50 In this study, CRP correlates

independently with the cytokines that are known to be

associated with metabolic syndrome. Hence, salivary

CRP may be used as a marker to determine the risk

factors of metabolic syndrome.

The limitation of this study is the small number of

participants, and this needs to be confirmed with a larger

cohort study. However, the advantage is using non-inva-

sive sample for children and the results not affected by

factors such as smoking, alcohol consumption, or other

chronic conditions as in adults. The data revealed correla-

tion of salivary CRP with obesity measures, and markers

demonstrate it as a non-invasive marker of childhood

obesity for early detection of the risk factors to develop

the metabolic dysregulation.

Conclusion
Salivary CRP was significantly increased in overweight/

obese children compared to normal weight. The area

under the ROC curves for the CRP represents it as a

good diagnostic value of a biomarker than resistin,

MCP-1, TNF-α, and IL-6. CRP also significantly corre-

lated with obesity measures (BMI z-score, WC z-score,

and WHtR z-score) and markers such as resistin, MCP-1,

TNF-α, IL-6, and IL-10. Based upon the results,

increased level of salivary CRP in children may be con-

sidered as non-invasive marker for childhood obesity for
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detection of the risk factors for the development of meta-

bolic dysregulation.
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