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Abstract 

Background:  An increasing number of children and adolescents are affected by metabolic syndrome (MetS). Dietary 
inflammatory index (DII) was associated with MetS in adult population. This study aimed to determine the associa‑
tions between DII scores, MetS, and MetS components among children and adolescents.

Methods:  Data of children and adolescents in the National Health and Nutrition Examination Survey (NHANES) 
database 2001–2008 were obtained. DII was calculated for each participant based on the 24-h dietary recall interview. 
Univariate and multivariate logistic regression were conducted to determine the associations between DII, the other 
study variables and abnormal MetS components.

Results:  A total of 5,656 US children and adolescents (mean age = 15.49) in the 2001–2018 NHANES database were 
included. After adjusting for all confounders in the multivariate analysis, the top DII quartile was significantly and inde‑
pendently associated with increased odds of high blood pressure (BP) (aOR = 2.27, 95% CI: 1.02–5.07) as compared 
with the lowest DII quartile. DII in quartile 2, 3 or 4 were not significantly associated with increased odds of MetS, high 
waist circumference (WC), low high density lipoprotein-cholesterol (HDL-c), triglyceride (TG) or fasting plasma glucose 
(FPG) as compared with the lowest quartile. In stratified analysis by recommended physical activity level for children 
and adolescents, no significant association was observed between higher DII and MetS.

Conclusions:  Among US children and adolescents, high DII is associated with prevalent high BP but not MetS. The 
finding may contribute to future policymaking in promoting children’s health.

Keywords:  Dietary inflammatory index (DII), Metabolic syndrome; children, Adolescent; exercise, National Health and 
Nutrition Examination Survey (NHANES)
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Background
Metabolic syndrome (MetS) is defined by a constella-
tion of physiological, clinical, biochemical and metabolic 
factors, characterized by central obesity, hypertension, 

dyslipidemia, insulin resistance, and glucose intoler-
ance [1]. As a result, MetS is strongly associated with 
an increased incidence of cardiovascular disease, type 2 
diabetes and even with all-cause mortality [1]. It is pos-
tulated that these risks increasingly begin in childhood 
and likely lead to chronic diseases in adulthood [2, 3]. 
Currently, a progressively higher number of children 
and adolescents of developed and developing countries 
are affected by MetS, accompanied by increasing obesity 
and sedentary habits [4, 5]. Therefore, early identification 
of children at risk of developing MetS and appropriate 
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intervention are paramount in order to minimize the 
future disease burden.

Diet is one of the central modulators of subclinical 
inflammation, which can be evaluated in humans through 
levels of markers including tumor necrosis factor-alpha 
(TNFα), high sensitivity C-reactive protein (hsCRP), or 
cell adhesion molecules [6]. The Western dietary pattern 
is associated with high hsCRP [7]. In contrast, the Medi-
terranean diet reduces inflammation and possibly pro-
tects adults and obese children against MetS [8–10].

Unveiling the link between dietary inflammatory 
potential and cardiometabolic risks may further ben-
efit the control and prevention of cardiometabolic dis-
eases. The DII score, developed in 2009 and updated in 
2014, intends to evaluate the inflammatory potential of 
individual’s diet based on the balance of pro-and anti-
inflammatory properties of its components, including 
macronutrients, vitamins, minerals, flavonoids, and spe-
cific food ingredients [11, 12]. DII scores are calculated 
and standardized to the global reference derived from 
eleven population around the world, allowing their use 
across distinct ethnic populations and patterns of diet 
[11, 12].

As inflammation may represent a triggering factor in 
the origin of MetS, [13, 14] there were emerging interests 
on directly linking DII with MetS among various popula-
tion, both Eastern and Western [15–18]. However, most 
of the previous studies assessed the associations merely 
among the adult population, and evidence on the link 
between dietary inflammatory potential and MetS and its 
components among children and adolescents is scarce. 
Considering the health impact of MetS in pediatric pop-
ulation, accordingly, this study aimed to determine the 
associations between DII scores and MetS in children 
and adolescents using a large cohort of the national rep-
resentative database, with the hypothesis that increased 
DII is associated with prevalent MetS and its compo-
nents among this specific population.

Methods
Data source
This study used data from the National Health and Nutri-
tion Examination Survey (NHANES) database, which 
was collected by the Centers for Disease Control and 
Prevention (CDC), National Center for Health Statistics 
(NCHS) in the USA. The survey is designed to evaluate 
the health and nutritional status of adults and children 
in the USA. It uses a complex, multistage design to col-
lect and analyze data representative of the national, non-
institutionalized population. A household interview and 
extensive examination in a mobile examination center 
(MEC), such as a physical examination, specialized 
measurements, and laboratory tests, were performed for 

participants in the NHANES. Such data is reliable and 
can be equated to a population-level assessment [19]. 
The NHANES was reviewed and approved through the 
NCHS Research Ethics Review Board, and each partici-
pant provided informed consent (https://​www.​cdc.​gov/​
nchs/​nhanes/​irba98.​htm). Additionally, all NHANES 
data released by the NCHS is de-identified, and remained 
anonymous during data analysis.

Study population
The present study extracted data from nine study cycles 
in the NHANES database: 2001–2002, 2003–2004, 2005–
2006, 2007–2008, 2009–2010, 2011–2012, 2013–2014, 
2015–2016, 2017–2018). Children and adolescents aged 
12–19 years who had complete information on the com-
ponents of MetS and 24-h dietary recall data for comput-
ing DII were eligible to be included.

Study variables
Assessment of MetS and its components
We used a previously validated criteria developed by Jol-
liffe et al. for defining the adolescent (12 to 19 years old) 
MetS in the present analysis [20]. This criteria developed 
age- and sex-specific cut-points for WC, BP, HDL-c, TG 
and FPG level based on data from the Third National 
Health and Nutrition Examination Survey (NHANES 
III, 1988 to 1994) and the 1999–2000 and 2001–2002 
NHANES surveys. In particular, age- and gender-spe-
cific growth curves were developed with the Lambda Mu 
Sigma method. At first, each MetS component growth 
curve was linked to the respective Adult Treatment Panel 
III (ATP) and International Diabetes Federation (IDF) 
criteria cut-points. Then, the adolescent cut-points were 
linked to adults’ by defining the percentile correspond-
ing to the adult cut-point and regressing it backward 
into adolescence [20]. Details of the cut-points for each 
MetS criteria could were documented in Additional 
file 1: Table S1. In the present analysis, we followed the 
ATP criteria to define MetS as fulfilling three of the five 
criteria.

Assessment of DII
In calculating each individual’s DII, information of die-
tary intake for the nutrients and food items were derived 
from the NHANES 24-h recall data. Compared to the 
global reference database, a Z-score for each participant’s 
food parameters was calculated by subtracting the global 
mean with the reported amount and dividing this value 
by the standard deviation. They were then converted 
to a proportion to minimize the effects of outliers. The 
standardized proportion was centered by doubling and 
subtracting one and then multiplied by the inflamma-
tory effect score of each food parameter and summed 
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to obtain an overall DII score for every participant in 
the study [11]. Higher DII scores represents a more 
proinflammatory diet, namely, a greater proinflamma-
tory potential of the diet. In the present study, DII were 
categorized into quartiles, in which the highest quartile 
(Q4) represents the greatest proinflammatory potential. 
The information of vitamin D intake was not consistently 
reported by the NHANES across the study cycles and 
was omitted from the present analyses, in which 26 food 
parameters were included totally.

Covariates
Demographic data, including age, gender, race, fam-
ily income to poverty ratio, and education level, were 
obtained through in-person interviews by trained inter-
viewers using the Family and Sample Person Demo-
graphics questionnaires and the Computer-Assisted 
Personal Interviewing (CAPI) system (Confirmit Corp. 
New York, USA). Collected data were weighted following 
the NHANES protocol.

Smoke exposure status was classified into three groups: 
not exposed, second-hand smoke exposure, and active 
smoker, identified by individual’s response to the ques-
tionnaires related to smoking combined with their serum 
nicotine level in the biochemical profile of the NHANES. 
Not exposed: no self-report smoking within past 30 days 
and serum cotinine < 0.05 μg/L; second-hand smoke 
exposure: no self-report smoking within past 30  days 
and with a serum cotinine level at 0.05–15 μg/L; active 
smoker: self-report smoking within past 30 days or hav-
ing a serum cotinine level at ≥ 15 μg/L.

In estimating physical activity, the product of weekly 
time spent in each activity reported by the participant 
multiplied by the metabolic equivalent of task (MET) 
value for that activity were summed, yielding a MET-h 
index. One MET represents the energy expenditure of 
1  kcal/kg body weight per hour. The current physical 
activity guideline recommends an average daily engage-
ment in 60 min of moderate-to-vigorous physical activ-
ity (MVPA) for children and adolescents. Accordingly, 
we have categorized participants’ physical activity level 
into ideal (at or above recommendation) and non-ideal 
(below recommendation) [21].

Sedentary time was assessed by the NHANES through 
the individual’s daily hours of TV, video, or computer 
use according to the in-person interview data and was 
divided into three categories: < 3, 3–6, and ≥ 6 h.

Statistical analysis
The NHANES uses a complex survey design to assure 
national representation, wherein sampling weights 
(WTMEC2YR), pseudo-stratum (SDMVSTRA), and 
pseudo-cluster (SDMVPSU) provided by the NHANES 

were applied in all analyses as guided by NCHS. [23] 
Continuous variables are displayed as mean and stand-
ard error (SE), and categorical variables are presented 
as unweighted counts (weighted %). Linear regression 
analysis tested differences in continuous variables, and 
categorical variables were assessed using a Wald chi-
square test. Univariate and multivariate logistic regres-
sion models were performed to present the associations 
between the study variables, MetS, and its principal com-
ponents. Data were shown as adjusted odds ratio (aOR) 
and 95% confidence interval (CI). Variables that showed 
significant values in the univariate analysis were adjusted 
in multivariate analyses. All statistical assessments were 
two-sided and evaluated with a significance of 0.05. Sta-
tistical analyses were performed using SAS statistical 
software (version 9.4, SAS Inc., Cary, NC, USA).

Results
Figure  1 summarizes the process of cohort selection. 
After excluding the participants of missing information 
on the parameters for calculating DII or the components 
in defining MetS, a total of 5656 children and adolescent 
participants aged 12 to 19 years old in the NHANES dur-
ing 2001 and 2018 were included as the primary cohort 
for further analyses. This final analytic sample was equiv-
alent to a population-based sample size of 12,996,481 
subjects in the US, using discharge weights provided by 
NHANES (Fig. 1).

Characteristics of the study participants are shown 
in  Table  1, grouped into DII quartiles. The mean (SE) 
age of the study population was 15.49 (0.05). There were 
2,937 (51.77%) males and 2,712 (48.23%) females. The 
mean (SE) DII score was -1.46 (0.02) in the overall study 
population. The ranges of DII scores in quartiles were 
< −1.95, −1.95 to −1.31, −1.31 to −0.79, and  ≥ −0.79 
from quartile 1 (Q1) to quartile 4 (Q4), respectively. The 
frequencies of prevalent high WC and low HDL-c dif-
fered significantly between DII quartiles. Children in the 
DII Q3 group had the highest proportion of high WC 
(29.96%, p < 0.001) compared with the other DII groups. 
Children in the DII Q4 group had the highest propor-
tion of low HDL-C (30.04%, p = 0.004) compared with 
the other DII groups. Age, sex, BMI, race, family income 
level, energy intake, smoke exposure, and physical activ-
ity level showed a significant difference between DII 
quartiles (p = 0.004 for family income level and p < 0.001 
for the others). In specific, as compared with DII Q1 to 
Q3, children in the DII Q4 group were younger (mean: 
15.24  years old), of greater BMI (24.23  kg/m2), with 
lower energy intake (1384.64  kcal) and lower physical 
activity (2981.17 MET-min/week). DII Q4 group also 
had greater proportions of female (28.86%), non-His-
panic Black (28.88%), children from low-income family 
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(26.35%), with secondhand smoke exposure, and active 
smoker (31.03% and 27.56%). (Table 1).

Table  2 shows the associations between the study 
variables and MetS, high WC, and low HDL-c. In the 

univariate analysis, it was found that DII Q3 and Q4 was 
significantly associated with a higher odds of high WC 
(OR = 1.77, 95% CI: 1.14–2.23; 1.57, 95% CI: 1.23, 2.00, 
respectively) as compared with the lowest quartile. DII 

Fig. 1  Flowchart of study selection
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Q4 was significantly associated with increased odds of 
low HDL-c (OR = 1.66; 95% CI: 1.26–2.17) as compared 
with the lowest quartile. However, after adjusting for all 

relevant confounders in the multivariate analysis, they 
became statistically insignificant. (Table 2).

Table  3 shows the associations between study vari-
ables and high TG, high FPG, and high BP. In the 

Table 1  Characteristics of study population

Unweighted counts (weighted %) are presented for categorical variables and mean (SE) were presented for continuous data

Significant variables are shown in bold

DII, dietary inflammatory index; FPG, fasting plasma glucose; MetS, metabolic syndrome; WC, waist circumference; HDL-c, high-density lipoprotein cholesterol; TG, 
triglyceride; BP, blood pressure; MET, Metabolic Equivalent of Task; Q, quartile
a Using proc surveyreg procedure
b Wald chi-square test
c Ideal physical activity: ≥ 180 MET-min/day (i.e., 60 min/day moderate-to-vigorous physical activity); not ideal physical activity: < 180 MET-min/day

Overall
n = 5,656

DII Q1 
(< −1.95)
n = 1414

DII Q2 
(−1.95 ~ −1.31)
n = 1414

DII Q3 
(−1.31 ~ −0.79)
n = 1414

DII Q4 
(> = −0.79)
n = 1414

p value

DII score −1.46 (0.02) −2.63 (0.02) −1.61 (0.01) −1.05 (0.00) −0.51 (0.01)  < 0.001a

MetS 394 (6.83%) 82 (23.39%) 94 (25.40%) 102 (22.48%) 116 (28.73%) 0.301b

MetS components
 High WC 1330 (22.87%) 259 (19.65%) 304 (23.69%) 386 (29.96%) 381 (26.70%)  < 0.001 b

 Low HDL-c 1308 (24.57%) 265 (21.63%) 314 (24.15%) 325 (24.17%) 404 (30.04%) 0.004 b

 High TG 565 (10.61%) 151 (26.24%) 144 (25.70%) 134 (22.77%) 136 (25.30%) 0.814b

 High FPG 943 (17.86%) 233 (25.80%) 241 (26.58%) 236 (22.26%) 233 (25.35%) 0.440b

 High BP (mmHg) 331 (4.95%) 71 (22.08%) 95 (28.87%) 94 (27.87%) 71 (21.18%) 0.427b

Demography
 Age (years) 15.49 (0.05) 15.73 (0.09) 15.63 (0.09) 15.35 (0.08) 15.24 (0.09)  < 0.001a

Sex  < 0.001 b

 Male 2937 (51.77%) 913 (32.59%) 753 (25.27%) 681 (22.20%) 590 (19.94%)

 Female 2712 (48.23%) 501 (17.71%) 659 (25.75%) 732 (27.69%) 820 (28.86%)

BMI (kg/m2) 23.78 (0.11) 23.28 (0.19) 23.73 (0.19) 23.92 (0.20) 24.23 (0.18)  < 0.001a

Race  < 0.001 b

 Non-Hispanic White 1599 (58.97%) 407 (25.18%) 394 (25.44%) 398 (24.91%) 400 (24.47%)

 Non-Hispanic Black 1648 (14.07%) 328 (20.12%) 399 (24.91%) 443 (26.09%) 478 (28.88%)

 Mexican American 1517 (13.33%) 418 (28.88%) 415 (27.77%) 351 (23.42%) 333 (19.93%)

 Other 885 (13.64%) 261 (28.47%) 204 (24.15%) 221 (24.70%) 199 (22.68%)

Family income level 0.004 b

 Not poor 3595 (77.62%) 913 (25.37%) 924 (26.54%) 888 (24.50%) 870 (23.60%)

 Poor 1649 (22.38%) 392 (26.16%) 386 (21.66%) 429 (25.83%) 442 (26.35%)

Lifestyle
Energy intake (kcal) 2178.13 (19.72) 3162.66 (46.45) 2246.48 (26.47) 1875.18 (18.46) 1384.64 (19.82)  < 0.001 a

Smoke exposure  < 0.001b

 Not exposed 2577 (48.57%) 719 (28.56%) 699 (27.72%) 639 (25.41%) 520 (18.30%)

 Secondhand smoke exposed 2136 (33.85%) 441 (21.65%) 488 (23.16%) 548 (24.15%) 659 (31.03%)

 Active smoker 936 (17.58%) 254 (23.94%) 225 (23.86%) 226 (24.64%) 231 (27.56%)

Sedentary time (hours) 0.071b

 < 3 1708 (39.01%) 417 (25.18%) 397 (24.52%) 418 (23.80%) 476 (26.50%)

 3–6 2257 (47.88%) 549 (24.14%) 604 (27.12%) 578 (27.10%) 526 (21.64%)

 > 6 550 (13.11%) 140 (24.63%) 127 (21.13%) 136 (24.26%) 147 (29.98%)

Physical activity (MET-min/week) 3263.04 (73.84) 3691.73 (118.65) 3283.25 (133.91) 3062.45 (124.70) 2981.17 (150.30)  < 0.001 a

Physical activity, categoriesc  < 0.044 b

 Not ideal 3547 (62.71%) 823 (23.24%) 897 (25.96%) 900 (25.96%) 927 (24.84%)

 Ideal 2109 (37.29) 591 (27.61%) 517 (25.06%) 514 (23.67%) 487 (23.66%)
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univariate analysis, DII in quartiles was not significantly 
associated with any of the metabolic components. 
However, after adjusting for relevant confounders in 
the multivariate analysis, DII Q4 was significantly and 
independently associated with increased odds of high 

BP (aOR = 2.27, 95% CI: 1.02–5.07) as compared with 
the lowest DII quartile (Table 3).

Table 4 shows the associations between DII in quar-
tiles and MetS stratified by the children’s physical activ-
ity level. After adjustments, no significant association 

Table 2  Associations between study variables, prevalent MetS, high WC and low HDL-c

Significant values are shown in bold. Missing values in each variable were excluded from the analyses

DII dietary inflammatory index, FPG fasting plasma glucose, MetS metabolic syndrome, WC waist circumference, HDL-c high-density lipoprotein cholesterol, TG 
triglyceride, BP blood pressure, MET metabolic equivalent of task, Q quartile
a Ideal physical activity: ≥ 180 MET-min/day (i.e., 60 min/day moderate-to-vigorous physical activity); Not ideal physical activity: < 180 MET-min/day

MetS High WC Low HDL-c

Univariate analysis
OR (95% CI)

Multivariate 
analysis
aOR (95% CI)

Univariate analysis
OR (95% CI)

Multivariate 
analysis
aOR (95% CI)

Univariate analysis
OR (95% CI)

Multivariate 
analysis
aOR (95% CI)

DII score
 DII Q1 Ref Ref Ref Ref Ref Ref

 DII Q2 1.09 (0.72, 1.64) 1.01 (0.62, 1.63) 1.26 (0.97, 1.63) 0.78 (0.49, 1.26) 1.15 (0.88, 1.49) 1.04 (0.77, 1.40)

 DII Q3 0.98 (0.66, 1.46) 0.80 (0.51, 1.24) 1.77 (1.41, 2.23) 1.41 (0.93, 2.13) 1.19 (0.92, 1.54) 1.02 (0.75, 1.40)

 DII Q4 1.31 (0.93, 1.85) 1.09 (0.73, 1.62) 1.57 (1.23, 2.00) 0.82 (0.47, 1.45) 1.66 (1.26, 2.17) 1.39 (0.94, 2.06)

Demography
 BMI (kg/m2) 1.23 (1.20, 1.25) 1.23 (1.20, 1.26) 1.77 (1.71, 1.84) 1.86 (1.78, 1.94) 1.13 (1.11, 1.15) 1.14 (1.12, 1.16)

Race
 Non-Hispanic 
White

Ref Ref Ref Ref Ref Ref

 Non-Hispanic 
Black

0.84 (0.57, 1.24) 0.36 (0.23, 0.57) 1.13 (0.93, 1.38) 0.32 (0.23, 0.46) 0.62 (0.49, 0.79) 0.44 (0.34, 0.56)

 Mexican Ameri‑
can

1.91 (1.38, 2.65) 1.60 (1.11, 2.32) 1.53 (1.25, 1.87) 0.86 (0.62, 1.20) 1.16 (0.92, 1.45) 0.99 (0.77, 1.27)

 Other 0.88 (0.60, 1.29) 0.97 (0.63, 1.49) 1.01 (0.77, 1.31) 0.82 (0.54, 1.24) 0.91 (0.70, 1.19) 0.94 (0.71, 1.24)

Family income level
 Not poor Ref – Ref Ref Ref –

 Poor 1.26 (0.93, 1.71) – 1.41 (1.17, 1.69) 1.43 (1.01, 2.03) 1.13 (0.93, 1.37) –

Lifestyle
 Energy intake 
(kcal)

1.00 (1.00, 1.00) – 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00)

 Smoke exposure

 Not exposed Ref Ref Ref Ref Ref –

 Secondhand 
smoke exposed

1.66 (1.22, 2.24) 1.49 (1.04, 2.13) 1.31 (1.07, 1.61) 0.86 (0.60, 1.24) 1.02 (0.85, 1.23) –

 Active smoker 1.71 (1.18, 2.48) 1.45 (0.75, 1.75) 1.03 (0.78, 1.36) 0.27 (0.17, 0.44) 1.15 (0.88, 1.50) –

Sedentary time (hours)
 < 3 Ref Ref Ref Ref Ref –

 3–6 2.00 (1.41, 2.84) 1.42 (0.90, 2.23) 1.49 (1.22, 1.82) 1.12 (0.81, 1.54) 1.01 (0.84, 1.21) –

 > 6 2.72 (1.85, 4.00) 1.43 (0.91, 2.24) 1.87 (1.48, 2.38) 0.87 (0.52, 1.44) 0.99 (0.72, 1.35) –

Physical activity 
(MET-min/week)

1.00 (1.00, 1.00) – 1.00 (1.00, 1.00) – 1.00 (1.00, 1.00) –

Physical activity (MET-min/week),  categoriesa

 Not ideal Ref Ref Ref Ref

 Ideal 0.73 (0.53,  0.99) 0.72 (0.47, 1.10) 0.82 (0.67, 1.00) 1.00 (0.84, 1.19)
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between higher DII and MetS among physical activity 
subgroups was observed (Table 4).

Discussion
The present study aimed to determine the associations 
between DII and MetS among children and adolescents. 
After adjusting for relevant confounders, US children and 
adolescents aged 12–19  years old who had highest DII 

were more likely to have high BP than those with low DII. 
However, higher DII seemed not significantly associated 
with prevalent MetS.

For adult population, more and more shreds of evi-
dence displayed the associations between DII and MetS. 
For example, a previous study suggested the association 
between DII scores and MetS among 17,689 adults in the 
US and reinforced the view that diet plays a vital role in 

Table 3  Associations between study variables, high TG, high FPG and high BP

Significant values are shown in bold. Missing values in each variable were excluded from the analyses

DII dietary inflammatory index, FPG fasting plasma glucose, MetS metabolic syndrome, WC waist circumference, HDL-c high-density lipoprotein cholesterol, TG 
triglyceride, BP blood pressure, MET metabolic equivalent of task, Q quartile
a Ideal physical activity: ≥ 180 MET-min/day (i.e., 60 min/day moderate-to-vigorous physical activity); Not ideal physical activity: < 180 MET-min/day

High TG High FPG High BP

Univariate analysis
OR (95% CI)

Multivariate 
analysis
aOR (95% CI)

Univariate analysis
OR (95% CI)

Multivariate 
analysis
aOR (95% CI)

Univariate analysis
OR (95% CI)

Multivariate 
analysis
aOR (95% CI)

DII score
 DII Q1 Ref Ref Ref Ref Ref Ref

 DII Q2 0.87 (0.56, 1.35) 0.95 (0.69, 1.31) 1.03 (0.80, 1.33) 1.04 (0.81, 1.35) 1.32 (0.87, 2.01) 2.09 (0.88, 4.95)

 DII Q3 0.83 (0.53, 1.30) 0.81 (0.56, 1.17) 0.86 (0.67, 1.10) 0.87 (0.68, 1.12) 1.31 (0.84, 2.05) 2.17 (0.89, 5.28)

 DII Q4 0.92 (0.61, 1.41) 0.92 (0.67, 1.26) 1.04 (0.82, 1.31) 1.03 (0.81, 1.31) 1.01 (0.65, 1.56) 2.27 (1.02, 5.07)
Demography
BMI 1.10 (1.09,  1.12) 1.11 (1.09, 1.13) 1.03 (1.01, 1.05) 1.03 (1.01, 1.05) 1.10 (1.08, 1.12) 1.12 (1.09, 1.15)
Race

 Non-Hispanic 
White

Ref Ref Ref Ref Ref Ref

 Non-Hispanic 
Black

0.35 (0.25, 0.50) 0.23 (0.16,0.34) 0.78 (0.58, 1.06) 0.73 (0.54, 0.98) 2.44 (1.75, 3.42) 1.13 (0.71, 1.81)

 Mexican Ameri‑
can

1.16 (0.90, 1.49) 0.95(0.73, 1.24) 1.61 (1.26, 2.07) 1.56 (1.22, 1.99) 0.92 (0.59, 1.44) 0.58 (0.31, 1.09)

 Other 0.95 (0.69, 1.30) 1.17 (0.88, 1.57) 1.16 (0.87, 1.55) 1.00 (0.63, 1.58) 0.46 (0.16, 1.35)

Family income level
 Not poor Ref Ref Ref – Ref –

 Poor 1.30 (1.02, 1.66) 1.30 (0.99, 1.69) 1.13 (0.89, 1.45) – 1.10 (0.83, 1.46) –

Lifestyle
 Energy intake 1.00 (1.00, 1.00) – 1.00 (1.00, 1.00) – 1.00 (1.00, 1.00) 1.00 (1.00, 1.00)

Smoke exposure
 Not exposed Ref Ref Ref – Ref Ref

 Secondhand 
smoke exposed

1.20 (0.93, 1.54) 1.18 (0.90, 1.54) 1.09 (0.88, 1.35) – 1.66 (1.14, 2.43) 0.99 (0.56, 1.73)

 Active smoker 1.66 (1.23, 2.23) 1.35 (0.98, 1.87) 1.21 (0.91, 1.60) – 1.23 (0.77, 1.95) 0.69 (0.34, 1.44)

Sedentary time
 < 3 Ref Ref Ref Ref Ref –

 3–6 1.37 (1.04, 1.81) 1.20 (0.89, 1.63) 1.32 (1.04, 1.69) 1.26 (0.98, 1.62) 1.17 (0.81, 1.68) –

 > 6 1.58 (1.08, 2.31) 1.27 (0.82, 1.96) 2.10 (1.47, 2.99) 2.01 (1.38, 2.92) 1.21 (0.68, 2.16) –

 Physical activity 
(MET-min/week)

1.00 (1.00, 1.00) – 1.00 (1.00, 1.00) – 1.00 (1.00, 1.00) 1.00 (1.00, 1.00)

Physical activity (MET-min/week), categoriesa

 Not ideal Ref Ref Ref

 Ideal 0.88 (0.70, 1.11) 1.11 (0.90, 1.38) 0.67 (0.46, 0.98)
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the occurrence of cardiovascular diseases [22]. Another 
study with 9,291 Korean adults showed that the top DII 
quartile (Q4) was positively associated with MetS preva-
lence in men and postmenopausal women [15]. In that 
study, the top DII quartile was also positively associated 
with prevalent hyperglycemia in men and central obe-
sity in postmenopausal women. Further, the results of a 
systematic review by Yi et al. revealed significant positive 
associations of higher DII with MetS, abdominal obesity, 
high blood pressure, hyperglycemia, and hypertriglyceri-
demia [18].

Dietary pattern analysis, rather than a single nutrient 
or food intake, can be used to investigate associations 
between food intake and diseases in specific populations 
[9]. Some previous studies analyzing the dietary pat-
terns of children and adolescents have been conducted in 
Europe and Australia [10, 23, 24], in which a relationship 
between the Westernized dietary pattern and increased 
risk of MetS was observed. A study in Korea reported 
white rice and kimchi consuming were associated with 
lower weight and higher HDL cholesterol, and oil and 
seasoned vegetable consuming were significantly associ-
ated with a lower weight, WC, and serum insulin level, 
whereas fast-food and soda consuming correlated with 
higher WC, serum insulin and BMI [25].

Despite the studies focusing on the DII and MetS in 
adults, and the dietary patterns in children cited above, 
evidence about the potential relationship between DII 
and MetS components among children is not sufficient. 
A previous cross-sectional study with 532 European 
adolescents indicated higher DII were associated with 
increased levels of various inflammatory markers such as 
TNF-α, IL-1, 2, IFN-γ, and vascular cell adhesion, provid-
ing a validation on the use of DII in adolescents [12]. A 
recent study by Kurklu et al. may be the only one in the 
medical literature assessing the role of DII on pediatric 
MetS, analyzing data of 343 adolescents and suggesting 
a significant association between higher DII scores and 

an increased risk of MetS along with several MetS com-
ponents [26]. However, the single-center design and the 
small sample size in that study limit its results for further 
interpretation. To the best of our knowledge, the present 
analysis was the first to assess the potential associations 
between DII, MetS and its components in children and 
adolescents with a large, nationally representative data.

Benefits of physical exercise on metabolic health 
were reported by a long list of studies in the literature. 
One study using data during the NHANES 2007–2010 
showed that leisure-time physical activity is associated 
with increases in longevity [21]. Another previous study 
highlighted the health benefits of physical activity against 
MetS in pediatric populations [27]. A previous meta-
analysis indicated that physical exercise could improve 
the inflammatory state in obese children [28]. Other 
studies also suggested that physical activity might play a 
role in decreasing insulin resistance and MetS in children 
and adolescents [29, 30]. In the present study, stratified 
analysis was done by whether the physical activity level 
was ideal or not, but there seemed no significant asso-
ciation between DII and MetS among different physical 
activity level categories.

A previous clinical study found that the nutrition edu-
cation was effective to improve the knowledge, dietary 
habits, and physical activity of the participants. Further-
more, the modification of the diet, i.e., higher intake of 
polyphenols (flavonoids and anthocyanins), fiber, polyun-
saturated fatty acids (PUFA), PUFA n-3, and lower intake 
of saturated fatty acids (SFA) had a significant impact on 
the improvement of some MetS components before phar-
macologic intervention [31]. Although no direct causal 
inference could be made based on the cross-sectional 
nature of the present analysis, our findings did high-
light the relevance of inflammatory dietary pattern with 
abnormal BP among children and adolescents. Future 
longitudinal studies are needed to investigate whether a 
reduction in dietary components that have been linked 
to inflammation decreases MetS risk among this specific 
population.

Strengths and limitation
The present study had several strengths. Firstly, data 
from NHANES were drawing from a large and diverse 
sample of non-institutionalized subjects, where the 
findings are likely generalizable to the overall U.S. 
population. Secondly, the MetS components were 
objectively measured and documented. Thirdly, vari-
ous demographic and lifestyle factors were carefully 
adjusted. Fourthly, stratified analysis was performed to 
assess the potential modifying effect of physical activ-
ity in association between DII and MetS. There are also 
several limitations. It is a cross-sectional study, which 

Table 4  Associations between DII and MetS, stratified by 
physical activity level

Adjusted for BMI, race, smoke exposure and sedentary time

DII dietary inflammatory index, MetS metabolic syndrome, MET metabolic 
equivalent of task, Q quartile
a Ideal physical activity: ≥ 180 MET-min/day (i.e., 60 min/day moderate-to-
vigorous physical activity); not ideal physical activity: < 180 MET-min/day

DII Q2 DII Q3 DII Q4
aOR (95% CI) aOR (95% CI) aOR (95% CI)

Physical activitya

 Not ideal (n = 3541) 0.68 (0.38,1.20) 0.73 (0.40,1.31) 0.89 (0.55,1.46)

 Ideal (n = 2106) 1.65 (0.79,3.43) 0.92 (0.45,1.88) 1.38 (0.74,2.59)
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causal inferences cannot be made. Dietary recall infor-
mation and part of the covariates included are based on 
interviews and questionnaires; thus, inaccurate report-
ing or recall bias may have occurred. Physical activity 
levels and sedentary behavior were assessed through 
questionnaires but not objective measures such as 
accelerometer. Lastly, there may also be unknown con-
founders not included in the NHANES data.

Conclusions
This study found associations between DII assessed 
pro-inflammatory diet and high BP in children and 
adolescent. The findings emphasize the relevance of 
healthy diet and components of MetS, and contribute 
to future policymaking and strategy optimizing in pro-
moting children’ health.

Abbreviations
MetS: Metabolic syndrome; TNFα: Tumor necrosis factor-alpha; hsCRP: High 
sensitivity C-reactive protein; NHANES: Nutrition Examination Survey; CDC: 
Centers for Disease Control and Prevention; NCHS: National Center for Health 
Statistics; MEC: Mobile examination center.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12986-​022-​00673-5.

Additional file 1. Supplementary Table 1. Age specific cut-off points for 
MetS components of children and adolescents 12-19 years.

Acknowledgements
The authors acknowledge the efforts of the US’s National Center for Health 
Statistics (NCHS) in creation of the National Health and Nutrition Examina‑
tion Survey Data. The interpretation and reporting of these data are the sole 
responsibility of the authors.

Author contributions
Conceptualization, GHJ and CCW; methodology, CCW and CHS; software, 
CCW and CHS; validation, GHJ, CHS; formal analysis, CCW.; investigation, GHJ; 
resources, GHJ, CCW and CHS; data curation, GHJ, CCW and CHS; writing—
original draft preparation, GHJ, CCW. and CHS; writing—review and editing, 
CCW and CHS; visualization, CCW; supervision, CHS; project administration, 
GHJ. All authors have read and agreed to the published version of the manu‑
script. All authors read and approved the final manuscript.

Funding
None.

Availability of data and materials
The datasets analysed during the current study are available in this article.

Declarations

Ethics approval and consent to participate
The NHANES was reviewed and approved through the NCHS Research Ethics 
Review Board, and each participant provided informed consent (https://​www.​
cdc.​gov/​nchs/​nhanes/​irba98.​htm). Additionally, all NHANES data released by 
the NCHS is de-identified, and remained anonymous during data analysis.

Consent for publication
Not applicable.

Competing interests
The authors have declared that no competing interests exist.

Author details
1 Sports Teaching Department, Shanghai University of Medicine and Health 
Sciences, Shanghai, China. 2 Department of Exercise and Health Promotion, 
College of Kinesiology and Health, Chinese Culture University, Taipei, Taiwan. 
3 Department of Exercise and Health Promotion, Graduate Institute of Sport 
Coaching Science, College of Kinesiology and Health, Chinese Culture Uni‑
versity, No. 55, Hwa‑Kang Road, Yang‑Ming‑Shan, Taipei City 11114, Taiwan. 
4 Department of Healthcare Information and Management, School of Health 
Technology, Ming Chuan University, Taipei, Taiwan. 

Received: 21 February 2022   Accepted: 30 May 2022

References
	1.	 Wittcopp C, Conroy R. Metabolic syndrome in children and adolescents. 

Pediatr Rev. 2016;37(5):193–202.
	2.	 Berenson GS, Srinivasan SR, Bao W, Newman WP 3rd, Tracy RE, Wattigney 

WA. Association between multiple cardiovascular risk factors and athero‑
sclerosis in children and young adults. The Bogalusa Heart Study. N Engl J 
Med. 1998; 338(23):1650–6.

	3.	 DeBoer MD. Assessing and managing the metabolic syndrome in chil‑
dren and adolescents. Nutrients. 2019;11(8):1788.

	4.	 Yang L, Cao C, Kantor ED, Nguyen LH, Zheng X, Park Y, Giovannucci EL, 
Matthews CE, Colditz GA, Cao Y. Trends in sedentary behavior among the 
US population, 2001–2016. JAMA. 2019;321(16):1587–97.

	5.	 Liao J, Cao C, Hur J, Cohen J, Chen W, Zong X, Colditz G, Yang L, Stamata‑
kis E, Cao Y. Association of sedentary patterns with body fat distribution 
among US children and adolescents: a population-based study. Int J 
Obes (Lond). 2021;45(9):2048–57.

	6.	 Del Mar BM, Maffeis C, Llompart I, Pons A, Tur JA. Dietary factors 
associated with subclinical inflammation among girls. Eur J Clin Nutr. 
2013;67(12):1264–70.

	7.	 Khayyatzadeh SS, Bagherniya M, Fazeli M, Khorasanchi Z, Bidokhti MS, 
Ahmadinejad M, et al. A Western dietary pattern is associated with 
elevated level of high sensitive C-reactive protein among adolescent 
girls. Eur J Clin Invest. 2018;48(4).

	8.	 Schwingshackl L, Hoffmann G. Mediterranean dietary pattern, inflamma‑
tion and endothelial function: a systematic review and meta-analysis of 
intervention trials. Nutr Metab Cardiovasc Dis. 2014;24(9):929–39.

	9.	 Kim RJ, Wang L, Worley S, Leonard D. Nut consumption and metabolic 
syndrome in US adolescents. Public Health Nutr. 2018;21(17):3245–52.

	10.	 Velázquez-López L, Santiago-Díaz G, Nava-Hernández J, Muñoz-Torres 
AV, Medina-Bravo P, Torres-Tamayo M. Mediterranean-style diet reduces 
metabolic syndrome components in obese children and adolescents 
with obesity. BMC Pediatr. 2014;14:175.

	11.	 Shivappa N, Steck SE, Hurley TG, Hussey JR, Hébert JR. Designing and 
developing a literature-derived, population-based dietary inflammatory 
index. Public Health Nutr. 2014;17(8):1689–96.

	12.	 Shivappa N, Hebert JR, Marcos A, Diaz LE, Gomez S, Nova E, et al. Associa‑
tion between dietary inflammatory index and inflammatory markers in 
the HELENA study. Mol Nutr Food Res. 2017;61(6):10.

	13.	 Haffner SM. The metabolic syndrome: inflammation, diabetes mellitus, 
and cardiovascular disease. Am J Cardiol. 2006;97(2A):3A-11A.

	14.	 Koh KK, Han SH, Quon MJ. Inflammatory markers and the metabolic 
syndrome: insights from therapeutic interventions. J Am Coll Cardiol. 
2005;46(11):1978–85.

	15.	 Kim HY, Lee J, Kim J. Association between Dietary Inflammatory Index 
and Metabolic Syndrome in the General Korean Population. Nutrients. 
2018;10(5):648.

	16.	 Nikniaz L, Nikniaz Z, Shivappa N, Hébert JR. The association between 
dietary inflammatory index and metabolic syndrome components in 
Iranian adults. Prim Care Diabetes. 2018;12(5):467–72.

https://doi.org/10.1186/s12986-022-00673-5
https://doi.org/10.1186/s12986-022-00673-5
https://www.cdc.gov/nchs/nhanes/irba98.htm
https://www.cdc.gov/nchs/nhanes/irba98.htm


Page 10 of 10Jia et al. Nutrition & Metabolism           (2022) 19:39 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	17.	 Carvalho CA, Silva AAM, Assunção MCF, Fonseca PCA, Barbieri MA, Bettiol 
H, et al. The dietary inflammatory index and insulin resistance or meta‑
bolic syndrome in young adults. Nutrition. 2019;58:187–93.

	18.	 Yi Q, Li X, He Y, Xia W, Shao J, Ye Z, et al. Associations of dietary inflamma‑
tory index with metabolic syndrome and its components: a systematic 
review and meta-analysis. Public Health Nutr. 2021;21:1–8.

	19.	 Zipf G, Chiappa M, Porter KS, Ostchega Y, Lewis BG, Dostal J. National 
health and nutrition examination survey: plan and operations, 1999–
2010. Vital Health Stat 1 2013;(56):1–37.

	20.	 Jolliffe CJ, Janssen I. Development of age-specific adolescent meta‑
bolic syndrome criteria that are linked to the Adult Treatment Panel 
III and International Diabetes Federation criteria. J Am Coll Cardiol. 
2007;49(8):891–8.

	21.	 Ryu S, Loprinzi P, Kim H, Kang M. Sedentary behavior and obesity in youth 
according to meeting physical activity guidelines: National Health and 
Nutrition Examination Survey 2003–2006. Child Obes. 2020;16(5):327–31.

	22.	 Mazidi M, Shivappa N, Wirth MD, Hebert JR, Mikhailidis DP, Kengne AP, 
et al. Dietary inflammatory index and cardiometabolic risk in US adults. 
Atherosclerosis. 2018;276:23–7.

	23.	 Huybrechts I, Lioret S, Mouratidou T, Gunter MJ, Manios Y, Kersting M, 
et al. Using reduced rank regression methods to identify dietary patterns 
associated with obesity: a cross-country study among European and 
Australian adolescents. Br J Nutr. 2017;117(2):295–305.

	24.	 Oellingrath IM, Svendsen MV, Brantsaeter AL. Eating patterns and 
overweight in 9- to 10-year-old children in Telemark County, Norway: a 
cross-sectional study. Eur J Clin Nutr. 2010;64(11):1272–9.

	25.	 Oh S, Lee SY, Kim DY, Woo S, Kim Y, Lee HJ, et al. Association of dietary 
patterns with weight status and metabolic risk factors among children 
and adolescents. Nutrients. 2021;13(4):1153.

	26.	 Seremet Kurklu N, Karatas Torun N, Ozen Kucukcetin I, Akyol A. Is 
there a relationship between the dietary inflammatory index and 
metabolic syndrome among adolescents? J Pediatr Endocrinol Metab. 
2020;33(4):495–502.

	27.	 Poitras VJ, Gray CE, Borghese MM, Carson V, Chaput JP, Janssen I, et al. 
Systematic review of the relationships between objectively measured 
physical activity and health indicators in school-aged children and youth. 
Appl Physiol Nutr Metab. 2016;41(6 Suppl 3):S197-239.

	28.	 Renninger M, Hansen BH, Steene-Johannessen J, Kriemler S, Froberg 
K, Northstone K, et al. Associations between accelerometry measured 
physical activity and sedentary time and the metabolic syndrome: a 
meta-analysis of more than 6000 children and adolescents. Pediatr Obes. 
2020;15(1): e12578.

	29.	 Sirico F, Bianco A, D’Alicandro G, Castaldo C, Montagnani S, Spera R, et al. 
Effects of physical exercise on adiponectin, leptin, and inflammatory 
markers in childhood obesity: systematic review and meta-analysis. Child 
Obes. 2018;14(4):207–17.

	30.	 Whooten R, Kerem L, Stanley T. Physical activity in adolescents and chil‑
dren and relationship to metabolic health. Curr Opin Endocrinol Diabetes 
Obes. 2019;26(1):25–31.

	31.	 Zujko ME, Rożniata M, Zujko K. Individual diet modification reduces the 
metabolic syndrome in patients before pharmacological treatment. 
Nutrients. 2021;13(6):2102.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Dietary inflammatory index and metabolic syndrome in US children and adolescents: evidence from NHANES 2001–2018
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Data source
	Study population

	Study variables
	Assessment of MetS and its components
	Assessment of DII
	Covariates
	Statistical analysis

	Results
	Discussion
	Strengths and limitation

	Conclusions
	Acknowledgements
	References


