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Abstract
Purpose To investigate the relationship of Children’s Dietary Inflammatory Index (C-DII™) scores with body fat distribu-
tion and serum adipokines in Brazilian schoolchildren.
Methods This population-based cross-sectional study enrolled 378 schoolchildren aged 8 and 9 years from Viçosa, Minas 
Gerais, Brazil. Food consumption was assessed using three 24-h dietary recalls from which C-DII scores were calculated. 
Serum adipokines [adiponectin, leptin, retinal-binding protein 4 (RBP4), and chemerin] were analyzed in blood samples. 
Sociodemographic characteristics and sedentary behavior were assessed using a semi-structured questionnaire. Total, truncal, 
android and gynoid body fat were evaluated by dual-energy X-ray absorptiometry (DXA). We compared the distributions of 
adiposity measures and serum adipokines by C-DII categories with linear regression, adjusting for potential confounders.
Results The mean sample C-DII was 0.59 ± 0.94 and ranged from − 2.16 to + 2.75. The C-DII was not associated with 
central and total body fat. However, the C-DII was modestly inversely associated with adiponectin and RBP4, and modestly 
directly associated with chemerin. These results remained significant after adjusting for body fat. Every 1 SD of C-DII was 
related, respectively, to a − 0.8 (− 1.5, − 0.03) and to a − 0.1 (− 0.2, − 0.05) units lower mean of adiponectin and RBP4, 
and to 7.2 (0.3, 14.1) units higher of chemerin.
Conclusion Higher C-DII score was modestly inversely and directly associated with anti- and pro-inflammatory adipokines, 
respectively, in Brazilian children. The development of public health policies is needed to promote healthy eating habits 
during childhood to prevent the early onset of systemic inflammation and ill health effects later in life.
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Introduction

Obesity is considered a chronic low-grade inflammatory 
state, with excess adipose tissue leading to dysfunctional 
secretion of inflammatory signaling compounds, including 
the adipokines [1, 2]. Adipokines are circulating hormones 
that play a crucial role in energy homeostasis and modula-
tion of several signaling cascades in target organs [1, 3]. 
Growing evidence indicates that the altered production 
and secretion of adipokines might mediate the relationship 
between obesity and several pathologies [3, 4].

Diet is an important modifiable risk factor in the etiology 
of obesity [5]. Moreover, an unhealthy diet may contribute 
to cardiometabolic risk [6–8], and a pro-inflammatory state 
[9–11] during childhood.

Recently, a new tool has been designed and validated to 
assess the quality and the inflammatory properties of the 
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diet in pediatric populations: The Children’s Dietary Inflam-
matory Index (C-DII™). The C-DII classifies the dietary 
patterns on a continuous scale from maximally anti- to 
maximally pro-inflammatory [12]. Higher C-DII scores 
have been associated with cardiometabolic risk and inflam-
mation markers among children and adolescents; however, 
studies are still scarce [12, 13]. Furthermore, there is a gap 
in the literature on the relation between dietary inflammatory 
potential and adiposity-related inflammation in young ages.

Because eating habits are formed early in life and dietary 
choices may be related to the beginning of systemic inflam-
mation and health outcomes later in life, we aimed to investi-
gate the relationship of C-DII with (1) total and central body 
fat, (2) and serum adipokines in Brazilian schoolchildren. 
Our hypothesis is that the pro-inflammatory potential of diet 
is directly associated with adiposity and pro-inflammatory 
adipokines.

Methods

Participants and study design

This is a cross-sectional study based on a representative 
sample of children aged 8 and 9 years enrolled in all pub-
lic (n = 17) and private (n = 7) schools in the urban area 
of Viçosa, Minas Gerais, Brazil. The participants were 
recruited from the Schoolchildren Health Assessment Sur-
vey (Pesquisa de Avaliação da Saúde do Escolar, PASE, in 
portuguese) carried out in 2015. All stages of data collec-
tion were performed at the Universidade Federal de Viçosa 
(UFV) by trained nutritionists.

The calculation of the sample size and the sampling pro-
cess have been described previously [14, 15]. In brief, a ran-
dom sample of 378 children aged 8–9 years was recruited. 
This sample was obtained from a population of 1464 eligible 
children of the same age range who were enrolled in the 
urban primary schools of the city of Viçosa. At the end of 
the data collection, we did not have any losses of participants 
due to the non-accomplishment of all stages of the study.

To be included, children could not regularly use medica-
tions or have some clinical diagnosis that could interfere 
with nutritional status, body composition, lipid profile, 
blood pressure, and/or glucose metabolism. Children whose 
parents or guardians were unavailable or unwilling to sign 
the informed consent form after three attempts also were 
not included.

This study was conducted according to the guidelines 
laid down in the Declaration of Helsinki and all procedures 
involving research study participants were approved by the 
Human Research Ethics Committee of the UFV (reference 

number 663.171/ 2014). Written informed consent was 
obtained from all parents or guardians of participants.

Children’s dietary inflammatory index (C‑DII™)

The assessment of food consumption was performed over 
3 non-consecutive days by 24-h dietary recalls (24HR), 
including a weekend day, and filled in according to the data 
reported by the parents/guardian and the child at the same 
time. Interviewers were trained to increase data reliability. 
During the interviews, household utensils and a photograph 
album with food serving sizes and beverages were used to 
help participants estimate the portion sizes [16].

Household measures were transformed into grams (g), 
milligrams (milligrams), or milliliters (mL) to assess the 
intake of energy (kcal) and nutrients, and then the average of 
the 3 days was calculated. The analysis of the food composi-
tion for the 24HR was performed with the software  Dietpro® 
5i, version 5.8, using the Brazilian Food Composition Table 
[17] and the USDA Food Composition Database [18].

C-DII scores were calculated according to the validated 
method employed in pediatric populations, as previously 
described [12]. Briefly, the C-DII was calculated by linking 
the PASE dietary data to a regionally representative world 
database that provides a robust global estimate mean and 
standard deviation for each parameter in the C-DII calcula-
tion. First, a z score was created by subtracting the ‘stand-
ard mean’ from the reported amount and dividing this value 
by the global standard deviation. Second, these z scores 
were converted to proportions to minimize the effect of 
“right skewing”. Then, the result was centered on 0 (null) 
and bounded between − 1 (maximum anti-inflammatory) 
and + 1 (maximum pro-inflammatory), by doubling each 
proportion and subtracting 1. Next, this centered proportion 
score was multiplied by the respective food parameter effect 
score, derived from the literature review to obtain the food 
parameter-specific C-DII score for an individual. Finally, all 
the food parameter-specific C-DII scores were then summed 
to create the overall C-DII score for each child. Moreover, 
C-DII was adjusted per 1000 kcal consumed to take into 
account differing amounts of energy intake between people. 
Of 25 possible food parameters to C-DII calculation [12], 
we use the following: carbohydrate, protein, total fat, satu-
rated fatty acid, monounsaturated fatty acid, polyunsaturated 
fatty acid, fiber, iron, zinc, magnesium, vitamin C, vitamin 
B1, vitamin B2, vitamin B3, vitamin B6, and vitamin D. A 
higher C-DII score indicates a pro-inflammatory diet.

Adipokines

Blood samples were collected at the Laboratory of Clinical 
Analysis of the Health Division of the UFV, after 12-h of 
fasting, by venipuncture in the antecubital area of the arm. 
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Aliquots of this biological material were packed in 1.5 ml 
microtubes, encoded and stored at − 80 °C. We evaluated 
adiponectin, leptin, retinol-binding protein 4 (RBP4), and 
chemerin.

Plasma adiponectin, RBP4 and chemerin were measured 
using commercials ELISA sandwich kits (human adiponec-
tin: SEA605Hu; human chemerin: SEA945Hu; human 
RBP4: SEA929Hu, Cloud Clone  Corp.®, Houston, TX, 
USA; standardized protocols from Laboratório Especiali-
zado em Análises Científicas—LEAC) (intra-assay preci-
sion CV < 10% and inter-assay CV < 12%). Serum leptin 
was assessed using commercials ELISA kits by enzyme 
immunoassay method (KAP2281,  DIAsource®, Louvain-la-
Neuve, Belgium; standardized protocols from Diagnósticos 
do Brasil) (intra-assay precision CV < 13.3% and inter-assay 
CV < 10.2%).

Sociodemographic and behavioral data

The sociodemographic characteristics were collected 
through a semi-structured questionnaire applied to parents or 
guardians. Data obtained included: sex, age (years) and race 
(White, Brown, Black), type of school (public and private), 
and household’s per capita income (US$).

Sedentary behavior was evaluated by time engaged in 
screen-based recreation, including video games, computer, 
television, mobile phone, or tablet. The child was catego-
rized as sedentary when he or she exceeded 2 h/day of screen 
time [19].

Adiposity measures

Body fat distribution (total, truncal, android and gynoid) 
was assessed by dual-energy X-ray absorptiometry (DXA) 
(Lunar Prodigy Advance, GE Medical Systems Lunar, Mil-
waukee, WI, USA). During the examination, children were 
fasted and wore light clothing without any metal objects. 
They remained in supine position on the scanning bed until 
the equipment reading was completed. Excessive body fat 
was assessed according to Lohman [20] cutoff points.

Statistical analyses

The inflammatory potential of diet, evaluated by C-DII 
scores expressed in quintiles, was considered the exposure 
in the analysis. The outcome variables were the adipos-
ity measures (% total, truncal, android and gynoid body 
fat) and serum adipokines (adiponectin, leptin, RBP4, 
and chemerin), all fit as continuous variables. Covariates 
included the child’s age, sex, race, type of school enrolled, 
screen time, and the household’s per capita income (catego-
rized into quartiles).

First, the distributions of C-DII were compared by cat-
egories of covariates. Next, the distribution of energy and 
nutrient intakes were evaluated using mean ± standard devia-
tion (SD) according to C-DII categories from multivariable 
linear regression adjusted by age, sex, race, screen time, per 
capita income, and % body fat. Then, the distributions of 
outcomes (adiposity measures and serum adipokines) were 
compared according to the C-DII categories (exposure), 
using mean differences and 95% confidence intervals (CI) 
from unadjusted and multivariable linear regression models 
adjusted for age, sex, screen time, and per capita income. 
Finally, the multivariable models were additionally adjusted 
for body fat. All potential confounders included in the analy-
sis were chosen after a literature review.

Robust estimates of the variance were specified in all 
models and partial R2 were used to all significant associa-
tions. Analyses were carried out in  Stata® version 14 (Stata-
Corp LP, CollegeStation, TX, USA). The significance level 
was 5% for all hypothesis tests.

Results

The children’s mean ± SD age was 8.5 ± 0.5 years; 52.1% 
were girls; 68.5% were non-White; and 70.9% were enrolled 
in public schools. The prevalence of excess body fat was 50% 
in the sample. The mean ± SD of C-DII was 0.59 ± 0.94 and 
ranged from − 2.16 (maximum anti-inflammatory profile) to 
2.75 (maximum pro-inflammatory profile). The means ± SD 
of adiponectin, leptin, RBP4, and chemerin were, respec-
tively, 13.6 ± 7.4 μg/mL, 5.7 ± 9.5 ng/mL, 4.0 ± 0.7 μg/mL, 
and 83.6 ± 64.8 ng/mL.

Non-White children and students from public schools 
were more likely to have a pro-inflammatory diet. Addi-
tionally, the C-DII was inversely associated with per capita 
income (Table 1).

Table 2 shows the association of energy and nutrient 
intakes with C-DII. The C-DII was inversely associated 
with antioxidant nutrients such as fiber, zinc, magnesium, 
vitamins B and C.

The C-DII was not associated with central and total body 
fat (Table 3). However, it was inversely associated with adi-
ponectin (R2 = 2.7%) and RBP4 (R2 = 5.3%), and directly 
associated with chemerin (R2 = 4.0%), regardless of child’s 
age, sex, race, per capita income, screen time and body fat. 
Compared with first, the fifth quintile of C-DII was related 
to lower adiponectin [− 1.9 (− 4.4, 0.6)] and lower RBP4 
[ − 0.4 (− 0.7, − 0.2)]. Every 1 SD of C-DII was associ-
ated with − 0.8 (− 1.5, − 0.03) and to a − 0.1 (− 0.2, − 0.05) 
units lower mean of adiponectin and RBP4, respectively. 
Children with the most pro-inflammatory diet (fifth quintile) 
had, 17.6 ng/mL (− 4.2, 37.8) higher chemerin than children 
with the most anti-inflammatory diet (referent, first quintile). 
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Every 1 SD of C-DII was associated with 7.2 (0.3, 14.1) 
units higher chemerin concentration (Table 4).

Discussion

Results from this cross-sectional study supported the 
hypothesis that C-DII score was inversely and directly 
related with anti- and pro-inflammatory adipokines in chil-
dren, respectively. A pro-inflammatory diet has been related 
to obesity [21–24] in childhood, in young adults [25], and 
in individuals with cardiometabolic risk [26]. However, no 
association was found between higher C-DII and adiposity 
measures as hypothesized. A possible explanation for this is 
the elevated prevalence of excess of body fat (50%) among 
children in our sample that could interfere in the association. 
It is worth noting that, in the current study, body fat distri-
bution was assessed using DXA, the gold standard method, 
differing from previous results that evaluated adiposity by 
skinfold thickness [23] or other anthropometric indices [21, 
22, 24]. Hence, further studies conducted in children are 

necessary to elucidate the influence of pro-inflammatory diet 
on adiposity measures.

Our findings showed an inverse association between 
C-DII and serum adiponectin. This adipokine is considered 
an anti-inflammatory marker [27] and lower adiponectin 
concentration has been recently associated with cardio-
metabolic comorbidities in children [28]. Furthermore, a 
cross-sectional study of 1992 adults from Ireland observed 
that the habitual intake of a more pro-inflammatory diet is 
negatively associated with adiponectin, corroborating our 
results [29]. The interaction among dietary imbalances and 
inflammation should be explored in greater detail in order 
to clarify its possible contribution to cardiometabolic risk, 
especially in young ages.

Surprisingly, C-DII was inversely associated with serum 
RBP4. This pro-inflammatory adipokine [30] is the main 
protein transporter of vitamin A (retinol) into the circula-
tion [31]. Although the studies are limited, RBP4 has been 
inversely related to antioxidant nutrients consumption [32, 
33]. This unexpected result possibly can be explained by 
vitamin A intake, which could increase RBP4 expression 
[34] due to the need to transport, store, and metabolize this 

Table 1  Distribution 
of Children’s Dietary 
Inflammatory Index (C-DII) 
according to sociodemographic 
and behavior characteristics in 
schoolchildren from Viçosa, 
Minas Gerais, Brazil, 2015

SD standard deviation, 95% IC 95% confidence interval
a Approximate exchange rates of real (R$) to dollar (US$) at the time of this study (US$1.00 = R$ 3.22)
b Adjusted by child’s sex, age, race, school, and screen time, Cochran-Armitage test. For variables with 
three or more categories, P value was from Wald test for linear trend representing ordinal categories as 
continuous
P < 0.05*

Characteristics n C-DII P -valueb

Mean ± SD Mean difference (95% CI)

Sex
 Boys 181 0.6 ± 0.9 Reference 0.47
 Girls 197 0.5 ± 0.9 − 0.1 (− 0.3, 0.1)

Age (years)
 8 183 0.5 ± 0.9 Reference 0.58
 9 195 0.6 ± 0.9 0.1 (− 0.1, 0.2)

Race
 White 119 0.3 ± 0.9 Reference 0.001*

 Non-white 259 0.7 ± 0.9 0.3 (0.1, 0.5)
School
 Private 110 0.3 ± 1.0 Reference  < 0.001*

 Public 268 0.7 ± 0.9 0.3 (0.1, 0.5)
Per capita income (US$)a

  < 96.9 (1st quartile) 93 0.7 ± 0.9 Reference 0.001*

 97.0 < 155.3 (2nd quartile) 94 0.7 ± 0.9 − 0.0 (− 0.3, 0.2)
 155.4 < 262.2 (3rd quartile) 97 0.6 ± 0.9 − 0.1 (− 0.3, 0.2)
  > 262.3 (4th quartile) 94 0.3 ± 1.0 − 0.4 (− 0.6, − 0.1)

Screen time (hours/day)
  ≤ 2 198 0.5 ± 0.9 Reference 0.22
  > 2 (sedentary behavior) 180 0.6 ± 1.0 0.1 (− 0.1, 0.3)
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vitamin [35]. The greatest sources of vitamin A and beta-
carotene include liver, dairy products, eggs, fishes, fruits 
and vegetables [36]. These foods are frequently consumed in 
healthy and anti-inflammatory dietary patterns [6, 7, 37, 38], 
suggesting that vitamin A intake and, consequently, RBP4 
are probably inversely related to C-DII as we observed. 
However, future studies with vitamin A adjustment should 
be carried out to confirm this association.

Also, we observed a positive association between C-DII 
and serum chemerin. This pro-inflammatory adipokine [39] 
has potential role on the obesity [40] and metabolic syn-
drome [41] pathogenesis in children. Similar to our results, 
Mirmajidi et al. [42] showed a positive association between 
DII score and chemerin in healthy obese Iranian subjects 
(18–60 years old).

Altogether, our findings are consistent with other inves-
tigations that have reported the relationship between a 
pro-inflammatory diet and inflammation [43, 44]. In fact, 
certain foods rich in sugar and saturated fat (e.g. ultra-
processed foods) are pro-inflammatory stimulants [45, 
46], triggering an innate immune response with higher 

pro-inflammatory cytokines secretion [47]. In contrast, the 
adherence to an anti-inflammatory diet, plant-based food 
and rich in antioxidants properties, can beneficially affect 
inflammatory status [37, 38, 48], protecting against the 
development of chronic diseases [49, 50]. Taken together, 
diet plays a key role in the modulation of inflammation 
reinforcing that healthy eating habits should be encour-
aged since childhood.

This study has some limitations. Respondents to the 
24HR may show memory bias; however, some strategies 
were used to minimize this factor and to increase data reli-
ability such as the interviewers’ training, use of a food photo 
album, and standard measurement tools. The C-DII score 
was calculated based on 16 of the total 25 food parameters 
in the original C-DII. Nevertheless, most of the nutrients 
were included (64%) and our mean C-DII score was com-
parable to a previous study [21]. Another limitation is that 
the vitamin A intake was not included in the adjustments of 
the association between C-DII and RBP4 concentrations. 
Moreover, all associations were modest in magnitude, with 
partial R2 values ≤ 5% upon adjustment. Finally, due to its 

Table 2  Distribution of energy and nutrients intake according to Children’s Dietary Inflammatory Index (C-DII) in schoolchildren from Viçosa, 
Minas Gerais, Brazil, 2015

MUFA monounsaturated fat, PUFA polyunsaturated fat, Q quintiles
Values are mean ± SD
a Nutrients adjusted for 1000 kcal
b From linear regression models with a variable representing ordinal C-DII categories introduced as continuous. Robust estimates of variance 
were specified in all models. Adjusted for child’s age, sex, race, per capita income, screen time, % body fat
P < 0.05*

Nutrientsa C-DII (quintiles) P  trendb

Q1 
(− 2.16 to − 0.19)
(n = 75)

Q2 
(− 0.20–0.41)
(n = 76)

Q3 
(0.42–0.86)
(n = 76)

Q4 
(0.87–1.41)
(n = 76)

Q5 
(1.42–2.75)
(n = 75)

Energy (kcal) 1500.5 ± 356.7 1481.1 ± 438.6 1424.7 ± 520.0 1304.22 ± 467.6 1275.3 ± 398.4  < 0.001*

Carbohydrate (g) 152.0 ± 15.7 149.4 ± 15.7 148.0 ± 15.2 145.3 ± 14.7 143.9 ± 14.1  < 0.001*

Protein (g) 38.1 ± 7.3 36.5 ± 6.7 33.8 ± 6.9 32.3 ± 6.6 32.6 ± 7.3  < 0.001*

Lipids (g) 29.6 ± 6.1 29.4 ± 5.5 30.9 ± 5.3 32.6 ± 5.3 32.8 ± 5.5  < 0.001*

MUFA (g) 9.1 ± 2.0 9.2 ± 2.1 9.6 ± 2.3 10.3 ± 2.1 10.8 ± 2.4  < 0.001*

PUFA (g) 6.7 ± 2.1 6.1 ± 1.9 6.5 ± 2.3 6.1 ± 2.2 5.2 ± 2.0  < 0.001*

Saturated fat (g) 9.9 ± 2.4 9.9 ± 2.5 10.2 ± 2.3 10.9 ± 2.7 11.1 ± 2.4 0.001*

Fiber (g) 13.5 ± 3.5 11.2 ± 3.2 9.6 ± 2.4 8.2 ± 2.2 6.9 ± 1.5  < 0.001*

Iron (mg) 5.6 ± 3.2 5.1 ± 1.7 4.8 ± 1.6 4.2 ± 1.4 4.3 ± 1.2  < 0.001*

Zinc (mg) 5.2 ± 2.0 4.5 ± 1.3 4.3 ± 1.3 4.1 ± 1.1 3.9 ± 0.8  < 0.001*

Magnesium (mg) 137.7 ± 29.0 125.4 ± 39.4 106.0 ± 14.6 96.8 ± 16.2 84.7 ± 14.2  < 0.001*

B1 (mg) 0.8 ± 0.2 0.7 ± 0.2 0.7 ± 0.2 0.6 ± 0.2 0.6 ± 0.2  < 0.001*

B2 (mg) 0.8 ± 0.3 0.8 ± 0.3 0.8 ± 0.2 0.7 ± 0.3 0.7 ± 0.2 0.02*

B3 (mg) 8.1 ± 4.1 7.2 ± 3.2 6.8 ± 2.7 6.4 ± 2.6 6.3 ± 2.8  < 0.001*

B6 (mg) 0.7 ± 0.3 0.6 ± 0.2 0.6 ± 0.2 0.6 ± 0.2 0.5 ± 0.1  < 0.001*

C (mg) 93.8 ± 118.4 91.0 ± 223.8 41.2 ± 97.2 29.2 ± 32.6 13.6 ± 11.0 0.03*

D (μg) 1.3 ± 0.9 1.1 ± 0.7 1.4 ± 1.1 1.4 ± 1.2 1.2 ± 1.0 0.24
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cross-sectional design, lack of temporal specification limits 
causal inference.

Despite these weaknesses, our work has several strengths. 
To the best of our knowledge, this is the first epidemiological 
study to evaluate the relationship of C-DII with serum adi-
pokines in children, providing relevant data to public health 
and a better understanding on the role of dietary factors in 
childhood obesity and low-grade inflammation. In addition, 
body composition was assessed by DXA (reference method), 
and the statistical analyses were adjusted for body fat.

In conclusion, a pro-inflammatory diet was modestly 
inverse and directly associated to anti- and pro-inflammatory 
adipokines, respectively, in Brazilian schoolchildren. The 
development of public health policies and actions of food 
and nutritional education, especially in school and family 
environments, are needed to promote healthy eating habits 
since the first stages of life and to prevent the early inflam-
mation and the cardiometabolic risk.

Table 3  Crude and adjusted analyses of the association between Children’s Dietary Inflammatory Index (C-DII) and adiposity measures in 
schoolchildren from Viçosa, Minas Gerais, Brazil, 2015

95% IC 95% confidence interval, Q quintiles
a From linear regression models with each adiposity marker as a continuous outcome and C-DII as predictor. Robust estimates of variance were 
specified in all models
b From linear regression adjusted for child’s age, sex, race, per capita income and screen time
c For a variable representing ordinal C-DII categories introduced as a continuous predictor
P < 0.05*

Body fat (%) C-DII (quintiles) Per 1 SD P  trendc

Q1 
(− 2.16 to − 0.19)
(n = 75)

Q2 
(− 0.20–0.41)
(n = 76)

Q3 
(0.42–0.86)
(n = 76)

Q4 
(0.87–1.41)
(n = 76)

Q5 
(1.42–2.75)
(n = 75)

Total
 Mean ± SD 23.5 ± 10.2 25.0 ± 10.2 24.5 ± 9.4 25.0 ± 10.5 22.9 ± 10.0
 Unadjusted dif-

ference (95% 
CI)a

Reference 1.6 (− 1.7, 4.8) 1.0 (− 2.1, 4.2) 1.5 (− 1.8, 4.9) − 0.6 (− 3.1, 2.7) − 0.0 (− 1.1, 1.0) 0.93

 Adjusted dif-
ference (95% 
CI)b

Reference 1.7 (− 1.4, 4.8) 1.5 (− 1.6, 4.6) 2.1 (− 1.2, 5.3) − 0.3 (− 3.6, 2.9) 0.1 (− 1.0, 1.2) 0.84

Truncal
 Mean ± SD 19.4 ± 11.3 21.0 ± 11.7 20.7 ± 10.3 21.2 ± 11.4 19.5 ± 11.3
 Unadjusted dif-

ference (95% 
CI)a

Reference 1.5 (2.1, 5.2) 1.2 (− 2.2, 4.7) 1.8 (− 1.9, 5.4) 0.1 (− 3.5, 3.7) 0.2 (− 0.9, 1.3) 0.77

 Adjusted dif-
ference (95% 
CI)b

Reference 1.6 (− 1.9, 5.2) 1.7 (− 1.7, 5.2) 2.2 (− 1.4, 5.9) 0.2 (− 3.4, 3.9) 0.3 (− 0.9, 1.5) 0.61

Android
 Mean ± SD 16.5 ± 12.2 18.0 ± 12.7 17.9 ± 11.3 18.7 ± 12.5 17.0 ± 12.5
 Unadjusted dif-

ference (95% 
CI)a

Reference 1.5 (− 2.5, 5.5) 1.4 (− 2.3, 5.2) 2.2 (− 1.7, 6.2) 0.5 (− 3.5, 4.5) 0.4 (− 0.8, 1.6) 0.53

 Adjusted dif-
ference (95% 
CI)b

Reference 1.6 (− 2.2, 5.5) 1.9 (− 1.9, 5.7) 2.7 (− 1.3, 6.7) 0.7 (− 3.4, 4.7) 0.5 (− 0.7, 1.8) 0.42

Gynoid
 Mean ± SD 30.5 ± 11.7 32.2 ± 11.2 32.3 ± 10.6 32.3 ± 12.1 29.5 ± 11.6
 Unadjusted dif-

ference (95% 
CI)a

Reference 1.6 (− 2.0, 5.3) 1.7 (− 1.8, 5.3) 1.8 (− 2.0, 5.6) − 1.0 (− 4.7, 2.3) − 0.2 (− 1.4, 1.0) 0.77

 Adjusted dif-
ference (95% 
CI)b

Reference 1.8 (− 1.6, 5.3) 2.4 (− 1.1, 5.8) 2.5 (− 1.2, 6.2) − 0.6 (− 4.3, 3.1) 0.0 (− 1.2, 1.3) 0.93
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Table 4  Crude and adjusted analyses of the association between Children’s Dietary Inflammatory Index (C-DII) and adipokines in schoolchil-
dren from Viçosa, Minas Gerais, Brazil, 2015

95% IC 95% confidence interval, Q quintiles
a From linear regression models with each adipokine as a continuous outcome and C-DII as predictor. Robust estimates of variance were speci-
fied in all models
b From linear regression adjusted for child’s age, sex, race, per capita income and screen time
c From linear regression adjusted for child’s age, sex, race, per capita income, screen time and % body fat
d For a variable representing ordinal C-DII categories introduced as a continuous predictor
P < 0.05*

Adipokines C-DII (quintiles) P  trendd Per 1 SD
P  trendd

Q1 
(− 2.16 to 
− 0.19)
(n = 75)

Q2 
(− 0.20–0.41)
(n = 76)

Q3 
(0.42–0.86)
(n = 76)

Q4 
(0.87–1.41)
(n = 76)

Q5 
(1.42–2.75)
(n = 75)

Adiponectin (μg/mL)
 Mean ± SD 14.5 ± 7.7 14.6 ± 7.8 12.4 ± 6.3 13.6 ± 7.5 12.6 ± 7.5
 Unadjusted dif-

ference (95% 
CI)a

Reference 0.2 (− 2.3, 2.6) − 2.0 (− 4.3, 0.2) − 0.8 (− 3.3, 1.6) − 1.8 (− 4.3, 0.6) − 0.7 (− 1.5, − 0.04) 0.04*

 Adjusted dif-
ference (95% 
CI)b

Reference 0.1 (− 2.4, 2.6) − 2.2 (− 4.5, 0.1) − 1.0 (− 3.5, 1.5) − 1.9 (− 4.4, 0.6) − 0.8 (− 1.6, − 0.1) 0.04*

 Adjusted dif-
ference (95% 
CI)c

Reference 0.2 (− 2.2, 2.7) − 2.0 (− 4.3, 0.2) − 0.8 (− 3.2, 1.7) − 1.9 (− 4.4, 0.6) − 0.8 (− 1.5, − 0.03) 0.04*

Leptin (ng/mL)
 Mean ± SD 6.0 ± 11.3 5.7 ± 8.9 5.0 ± 7.7 6.8 ± 10.6 5.0 ± 8.5
 Unadjusted dif-

ference (95% 
CI)a

Reference − 0.3 (− 3.6, 2.9)− 1.0 (− 4.1, 2.0) 0.8 (-2.7, 4.3) 1.0 (4.2, 2.2) − 0.0 (− 0.9, 0.9) 0.91

 Adjusted dif-
ference (95% 
CI)b

Reference − 0.3 (3.6, 3.0) − 0.8 (− 4.1, 2.5) 1.0 (-2.6, 4.6) 0.9 (− 4.3, 2.5) 0.0 (− 0.9, 1.1) 0.90

 Adjusted dif-
ference (95% 
CI)c

Reference − 1.3 (− 4.1, 
1.4)

− 1.7 (− 4.3, 1.0) -0.5 (-3.4, 2.4) − 0.7 (− 3.3, 1.9) − 0.1 (− 0.8, 0.6) 0.90

RBP4 (μg/mL)
 Mean ± SD 4.2 ± 0.9 4.2 ± 0.7 3.9 ± 0.5 4.0 ± 0.6 3.8 ± 0.5
 Unadjusted dif-

ference (95% 
CI)a

Reference 0.0 (− 0.3, 0.2) − 0.3 (− 0.6, 
− 0.1)

-0.2 (-0.5, -0.1) − 0.4 (− 0.7, 
− 0.2)

− 0.1 (− 0.2, − 0.1)  < 0.001*

 Adjusted dif-
ference (95% 
CI)b

Reference 0.0 (− 0.3, 0.3) − 0.3 (− 0.6, 0.0) -0.2 (-0.5, 0.0) − 0.4 (− 0.7, 
− 0.2)

− 0.1 (− 0.2, − 0.05) 0.001*

 Adjusted dif-
ference (95% 
CI)c

Reference 0.0 (− 0.3, 0.2) − 0.3 (− 0.6, 
− 0.1)

-0.2 (-0.5, 0.0) − 0.4 (− 0.7, 
− 0.2)

− 0.1 (− 0.2, − 0.05) 0.001*

Chemerin (ng/mL)
 Mean ± SD 75.0 ± 65.4 74.6 ± 58.2 89.7 ± 68.9 89.3 ± 71.1 89.2 ± 58.9
 Unadjusted differ-

ence (95% CI)a
Reference − 0.4 (− 20.3, 

19.4)
14.6 (− 6.8, 

36.1)
14.3 (-7.5, 36.1) 14.2 (− 5.7, 

34.2)
6.1 (− 0.5, 12.7) 0.07

 Adjusted differ-
ence (95% CI)b

Reference 1.1 (− 19.1, 
21.2)

18.4 (− 3.1, 
39.9)

17.3 (-5.2, 39.7) 16.6 (− 4.6, 
37.8)

7.4 (0.4, 14.4) 0.04*

 Adjusted differ-
ence (95% CI)c

Reference − 0.1 (− 20.4, 
20.2)

17.3 (− 4.1, 
38.8)

16.3 (-6.5, 38.1) 17.6 (− 4.2, 
37.8)

7.2 (0.3, 14.1) 0.04*
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