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Abstract: (1) Background: With the aging demographic shift in society, there is a growing number of
middle-aged and elderly individuals affected by metabolic syndrome (MetS), a risk factor contributing
to all causes of mortality. Inflammation plays a crucial role in the development of MetS. This study
aims to examine the correlation between MetS and pro-inflammatory diets in middle-aged and
elderly individuals, utilizing the Dietary Inflammation Index (DII) as a measure. (2) Methods: Data
were extracted from the 2007-2016 National Health and Nutrition Examination Survey (NHANES)
database for individuals who were 45 years of age or older. The DII was determined for each
participant through 24-h dietary recall interviews. The relationship between DII and MetS was
assessed using binary logistic regression analysis, and the association between DII and MetS-related
indicators was further explored through generalized linear model (GLM) and quantile regression
analysis. (3) Results: A total of 3843 middle-aged and elderly individuals were included in the study.
After controlling for confounding factors, the highest quartile of DII was associated with a higher risk
of MetS (OR 4.1 = 1.339; 95%Cl: 1.013, 1.769; p for trend = 0.018). The top DII quartile also increased
the risk of reduced HDL-C (ORg4.01 = 1.499; 95%Cl: 1.005, 2.234; p for trend = 0.048) and raised
FG (ORg4.g1 = 1.432; 95%Cl: 1.095, 1.873; p for trend = 0.010) compared to the lowest DII quartile.
The levels of DII were found to be positively correlated with BMI (8 = 0.258, p = 0.001), FPG (8 = 0.019,
p =0.049), TG (B = 2.043, p = 0.013), waistline (B = 0.580, p = 0.002), and negatively correlated with
HDL-C (8 = —0.672, p = 0.003). (4) Conclusions: In middle-aged and elderly individuals in the United
States, a high DII score has been linked to the presence of MetS, low HDL-C, and hyperglycemia.
Therefore, dietary recommendations for the middle-aged and elderly should focus on reducing the
DII by choosing foods rich in antioxidants, dietary fiber, and unsaturated fatty acids.

Keywords: dietary inflammatory index; metabolic syndrome; nutrition; diet; middle-aged and
elderly people

1. Introduction

Metabolic syndrome (MetS) is a condition characterized by central obesity, high blood
pressure, high blood sugar, and abnormal lipid levels, which is closely associated with
cardiovascular disease, diabetes, and fatty liver disease [1]. With advancements in so-
cioeconomic conditions and alterations in human lifestyles, the occurrence of MetS is on
the rise and has become one of the most pressing health concerns in modern society [2].
The incidence of MetS globally is continuously increasing, with an estimated one-third to
two-thirds of adults suffering from it [3]. A meta-analysis of 15 representative countries
in the Asia-Pacific region also found that the prevalence of MetS is as high as 20% and
continues to increase annually [4]. The U.S. Centers for Disease Control and Prevention
reported in 2017 that approximately one-third of Americans are affected by MetS [5]. Ac-
cording to the World Health Organization (WHO), the prevalence of metabolic syndrome
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in middle-aged and elderly individuals ranges from 11% to 43% (median 21%), while the
National Cholesterol Education Program (NCEP) reports it to be between 23% to 55% (me-
dian 31%) [6,7]. Furthermore, MetS in middle-aged and elderly individuals is a substantial
risk factor for cardiovascular morbidity and mortality [8]. Therefore, there is an urgent
need for preventative measures to reduce the incidence of MetS among middle-aged and
elderly individuals.

The inflammatory response is a multifaceted biological process that involves several
cytokines, such as interleukin-6 (IL-6), tumor necrosis factor-o« (TNF-«), and C-reactive
protein (CRP). If this process becomes dysregulated, it can result in chronic inflammation
and tissue damage [9]. Current research demonstrates that MetS arises from chronic
low-grade inflammation in the body, which is strongly linked to the incidence of both
diabetes and hypertension [10-12]. Extensive studies have highlighted the significant
impact of diet on the body’s inflammatory response and have demonstrated that inadequate
dietary habits can contribute to the development of MetS [13-16]. For example, dietary
components such as unsaturated fatty acids, fiber, and vitamins have been shown to reduce
body inflammation and lower the risk of MetS, while supersaturated fatty acids, high
cholesterol, and high carbohydrate intake may contribute to inflammation and increase the
likelihood of MetS [17]. As a result, Examining the risk factors for MetS can be achieved by
considering the inflammatory effects of one’s diet. The Dietary Inflammatory Index (DII),
which was created by Shivappa et al. in 2009 and refined through a scoring system in 2013,
is a credible measure of the extent to which dietary factors contribute to an individual’s
inflammatory response [18]. Currently, DII has been increasingly employed in the fields of
nutrition and epidemiological research as a method of evaluating an individual’s dietary-
related inflammation. In this matter, numerous studies have assessed the correlation
between MetS and DII in various demographic groups. A positive association has been
observed in Spain between DII and body fat percentage, waist circumference, and body
mass index (BMI) among individuals with an increased risk of cardiovascular disease [19].
Research on police officers has revealed that those with a higher DII are more likely to have
MetS [20]. A prospective study in France on the SU.VL.MAX population showed that the
DIl is positively correlated with the risk of MetS [21]. The same results were still found in
studies in Iran and South Korea [22,23].

While previous studies have shown the correlation between DII and MetS in both
general and specific populations, research on middle-aged and elderly groups is limited.
Additionally, some studies have failed to establish a definitive link between DII and
MetS [24,25]. The decline in basal metabolic rate (BMR) that commonly occurs in middle-
aged and older adults, in combination with inadequate physical activity, weakened immune
system function, and prolonged medication use, increases the risk of developing MetS
in this population [26,27]. Furthermore, with the aging of the American population, it
is estimated that nearly 50% of individuals over 60 years of age have MetS, making it a
major challenge for public health care systems [28]. Thus, it is important to evaluate the
relationship between DII and MetS in elderly Americans and the relationship between
specific components of MetS.

2. Materials and Methods
2.1. Data Sources

The data utilized in this study were acquired from the National Health and Nutrition
Examination Survey (NHANES), which was accessed for free on the official NHANES web-
site. The NHANES survey is conducted biannually by the Centers for Disease Control and
Prevention (CDC) and employs multi-stage complex sampling to ensure a representative
sample [29].

2.2. Study Population

The study sample was selected based on the following criteria: inclusion criteria included
all samples aged >45 years in the NHANES database from 2007-2016, while exclusion
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criteria were (1) pregnant women, (2) participants with serious diseases (e.g., malignancy,
coronary heart disease, etc.), and (3) participants with missing data on key indicators such
as demographic, laboratory and questionnaire data, and dietary data. A total of 3843 study
subjects were included after applying these criteria. (Figure 1 and supplementary file).

Participants of NHANES from 2007-2016
N=50588

33760 excluded
| Age<d45
pregnancy
serious medical conditions

\

Middle-aged and elderly people(age>45)
N=16828
_ [ 1841 excluded
"~ \ Missing dietary data
\
Participants with dietary data
N=14987

/" 10244 excluded
ta

- \ Missing laboratory da

Y

Participants with laboratory data
N=4743

| 900 excluded
Missing covariate information
\

Final included in this study
N=3843

Figure 1. Flow diagram of participants in the study.

2.3. Measurement
2.3.1. Definition of MetS

According to the National Cholesterol Education Program (NCEP) guidelines from 2005,
MetS is defined as having three or more of the following characteristics [5,30]: (1) Raised
fasting blood glucose (Raised FG), fasting blood glucose >5.6 mmol/L (100 mg/dL) or drug
treatment for raised blood glucose; (2) Reduced HDL cholesterol (Reduced HDL-C), HDL
cholesterol <1.3 mmol/L (50 mg/dL) in women, <1.0 mmol/L (40 mg/dL) in men
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or drug treatment for reduced HDL cholesterol; (3) Raised blood triglycerides (Raised
TG), blood triglycerides >1.7 mmol/L (150 mg/dL) or drug treatment for raised triglyc-
erides; (4) Raised waist circumference (Raised WC), waist circumference >88 cm (women)
or >102 cm (men); (5) Raised blood pressure (Raised BP), blood pressure >130/85 mmHg
or drug treatment for raised blood pressure.

2.3.2. Dietary Inflammation Index Calculation

The dietary database’s nutrient information of the first day was selected as the accurate
nutrient intake for each participant in the study. A total of 27 nutrients, including total
energy, fat, saturated fat, monounsaturated fat, polyunsaturated fat, ALA (octadecatrienoic
acid), EPA (eicosapentaenoic acid), DHA (docosahexaenoic acid), docosapentaenoic acid,
linoleic acid (octadecadienoic acid), arachidonic acid (eicosatetraenoic acid), protein, car-
bohydrates, fiber, alcohol, cholesterol, niacin, vitamin (A, By, By, Bg, B1p, C, D, E), iron,
zing, selenium, magnesium, folic acid, beta carotene, and caffeine were considered in
the calculation of the DII. The n-3 fatty acids were equal to the sum of ALA, EPA, DHA,
and docosapentaenoic acid, and the n-6 fatty acids were equal to the sum of linoleic acid
and arachidonic acid.

The average and variability of each nutrient were obtained from the World Diet
Standards Library and used to transform the Z-scores of the respective nutrient into Z-
transformed scores. The Z-transform fraction of each nutrient was then transformed into
percentiles, and the resulting distribution for each nutrient level was made symmetrical
around 0 (zero) by doubling the transformed percentiles and subtracting 1. The bounds of
this distribution are -1 (maximum anti-inflammatory) and +1 (maximum pro-inflammatory).
The final DII score is obtained by multiplying each nutrient level by its respective corre-
sponding inflammatory fraction and summing the result [18].

2.3.3. Other Covariates

Covariates considered in the analysis included sociodemographic factors such as
gender (male/female), age (middle-aged: 45 to 60, elderly: over 60), race (Hispanic White,
Non-Hispanic White, Mexican American, Non-Hispanic Black, and other races), education
(less than 9th grade, 9th to 11th grade, high school graduate/GED or equivalent, some
college or AA degree, college graduate or higher), and poverty level expressed as poverty—
income ratio (PIR) (PIR < 1,1 < PIR <€ 1.99, 2 < PIR < 3.99, and PIR > 4). In addition,
behavioral factors including smoking status (defined as smoking more than 100 cigarettes,
with all others considered non-smokers), alcohol consumption (defined as having more
than 12 drinks in the past year, with all others considered non-drinkers), and sedentary
behavior (total sedentary time of less than 3 h, 3 to 5.9 h, and 6 h or more) were considered.

2.4. Statistical Analysis Methods

Data description and statistical analysis in this study utilized complex weighting
through the use of the “survey” package in R software. Categorical variables were described
by their frequency and proportion, and differences were tested using the Rao-Scott x?
test. Quantitative data that were not normally distributed were described as median (25th
percentile, 75th percentile), and group comparisons were performed using the Wilcoxon
rank sum test. A binary logistic regression model was employed to examine the relationship
between quartile groupings of the DII and MetS and its components, and the median of
each quartile grouping of DII was used to complete the linear trend test associated with
the disease. To explore potential differences based on gender and age, separate analyses
were conducted for gender (males and females) and age (45~60 years and over 60 years).
The association between DII levels and the risk of MetS and its components was further
explored through restricted cubic spline analysis with four knots at the 5th, 35th, 65th,
and 95th percentiles of its distribution. A generalized linear model was employed to
evaluate the relationship between DII levels and biochemical indicators of MetS, while
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quantile regression models were utilized to assess the strength of the relationship between
DII levels and MetS-related parameters at different quantile points of each indicator.

Potential confounding variables were taken into account throughout the analysis,
including gender (male or female), age (45~60 or over 60), race (Hispanic White, Non-
Hispanic White, Non-Hispanic Black, Mexican American, and other races), education (less
than 9th grade, 9~11th grade, high school graduate/GED, some college or AA degree,
or college graduate or higher), poverty—income ratio (PIR less than or equal to 1, 1 less than
PIR less than or equal to 1.99, 2 less than PIR less than or equal to 3.99, or PIR greater than
4), smoking (yes or no), drinking (yes or no), and sedentary behavior (total sedentary time
of less than 3 h, 3 to 5.9 h, or 6 h or more). The analysis was conducted using R 4.2.0, and a
p-value less than 0.05 was considered statistically significant.

3. Results
3.1. The DII Quartile Feature Distribution of the Study Object

The DII scores range from —5.20 to 4.66, with negative scores indicating anti-inflammatory
diets and positive scores indicating pro-inflammatory diets. The first quartile, which
ranges from —5.20 to —1.00, represents the group with the most anti-inflammatory diets.
The second quartile, which ranges from —1.00 to 0.63, represents the group with moder-
ately anti-inflammatory diets. The third quartile, which ranges from 0.63 to 2.05, represents
the group with moderately pro-inflammatory diets. The fourth quartile, which ranges from
2.05 to 4.66, represents the group with the most pro-inflammatory diets.

Table 1 presents the distribution of the characteristics of the study participants based
on their quartile of the DII score. Variables including age, smoking habits, sedentary
behavior, TC, LDL-C, HDL-C, FPG, and waist circumference showed significant differences
in their distribution among the DII quartile groups. The proportion of women increased
progressively from a minimum of 50.9% in the Q1 group to the Q4 group, while the
proportion of men declined from 38.34% in the same group. The proportion of individuals
with a college degree or higher education decreased in the DII grouping, with the highest
proportion of high school graduates or equivalent being in the Q4 group. The distribution
of non-Hispanic black people in the DII group was most pronounced. Participants with
a poverty—income ratio (PIR) less than 2 showed an increasing trend in the DII grouping,
while those with a PIR greater than 2 showed the opposite. The proportion of individuals
with the MetS also increased, with 38.25% of the Q4 group being affected. Furthermore,
participants in the Q4 group had higher levels of SBP, DBP, TG, OGTT, and BMI values.

Table 1. DII quartile characteristic distribution of the basic situation of the research subjects [1 (%)
or M(P25, P75)].

Characteristics All (n = 3843) Q1 (n=817) Q2 (n=936) Q3 (n=992) Q4 (n=1098) p-Value
Range —5.20~4.66 —5.20~—1.00 —1.00~0.63 0.63~2.05 2.05~4.66

Sex

Male 1887 (49.1) 506 (61.93) 502 (53.63) 458 (46.17) 421 (38.34) <0.001
Female 1956 (50.9) 311 (38.07) 434 (46.37) 534 (53.83) 677 (61.66)

Age

45~60 1777 (46.24) 403 (49.33) 449 (47.97) 447 (45.06) 478 (43.53) 04
>60 2066 (53.76) 414 (50.67) 487 (52.03) 545 (54.94) 620 (56.47)

Education

Less than 9th grade 407 (10.59) 62 (1.58) 91 (9.74) 111 (11.19) 143 (13.02) <0.001
9~11th grade 499 (12.98) 67 (8.20) 97 (10.36) 136 (13.71) 199 (18.12)

High school graduate 881 (22.92) 134 (21.22) 199 (21.26) 235 (23.69) 313 (28.51)

Some college or AA degree 1069 (27.82) 233 (30.23) 283 (30.23) 284 (28.63) 269 (24.50)

College graduate or above 987 (25.68) 321 (28.42) 266 (28.41) 226 (22.78) 174 (15.85)




Nutrients 2023, 15, 1857

6 of 15

Table 1. Cont.

Characteristics All (n = 3843) Q1 (n =817) Q2 (n=936) Q3 (n=992) Q4 (n =1098) p-Value
Race

Mexican American 406 (11.97) 96 (11.75) 132 (14.10) 112 (11.29) 120 (10.93) 0.006
Other Hispanic 407 (10.59) 73 (12.70) 92 (9.83) 126 (12.70) 116 (10.56)
Non-Hispanic White 2039 (53.06) 459 (52.12) 509 (54.38) 517 (52.12) 554 (50.46)
Non-Hispanic Black 660 (17.17) 103 (17.44) 134 (14.32) 173 (17.44) 250 (22.77)

Other Race 277 (7.21) 86 (6.45) 69 (7.37) 64 (6.45) 58 (5.28)

PIR

<1 619 (16.11) 80 (9.79) 128 (13.68) 180 (18.15) 231 (21.04) <0.001
1~1.99 966 (25.14) 183 (22.40) 200 (21.37) 242 (24.40) 341 (31.06)

2~3.99 1051 (27.35) 175 (21.42) 270 (28.85) 292 (29.44) 314 (28.60)

>4 1207 (31.41) 379 (46.39) 338 (36.11) 278 (28.02) 212 (19.31)

Smoking

Yes 1917 (49.88) 398 (48.71) 466 (49.79) 493 (49.70) 560 (51.00) 0.8
No 1926 (50.12) 419 (51.29) 470 (50.21) 499 (50.30) 538 (49.00)

Alcohol

Yes 2772 (72.13) 643 (78.70) 722 (77.14) 713 (71.88) 694 (63.21) <0.001
No 1071 (27.87) 174 (21.30) 214 (22.86) 279 (28.12) 404 (36.79)

Sedentary

<3h 575 (14.96) 109 (13.34) 137 (14.64) 157 (15.83) 172 (15.66) 0.2
3~59h 1421 (36.98) 283 (34.64) 359 (38.35) 382 (38.51) 397 (36.16)

>6h 1847 (48.06) 425 (52.02) 440 (47.01) 453 (45.67) 529 (48.18)

Metabolic syndrome

Non-Mets 2558 (66.56) 581 (71.11) 658 (70.30) 641 (64.62) 678 (61.75) 0.005
Mets 1285 (33.44) 236 (28.89) 278 (29.70) 351 (35.38) 420 (38.25)

SBP (mmHg) 124 (114,136) 122 (114,134) 122 (112,134) 124 (114,138) 124 (114,136) 0.04
DBP (mmHg) 70 (64,78) 70 (62,76) 70 (64,76) 72 (64, 78) 72 (64,78) 0.01
TC (mg/dL) 202 (176,230) 199 (173,228) 202 (176,226) 203 (177,234) 203 (178,232) 0.3
TG (mg/dL) 106 (75,151) 103 (72,149) 105 (71,144) 105 (76,158) 111 (81,155) 0.03
LDL-C (mg/dL) 120 (98,145) 119 (94,140) 118 (97,145) 120 (98,147) 122 (103, 146) 0.5
HDL-C (mg/dL) 54 (45,67) 53 (45,65) 55 (46,68) 54 (46,66) 53 (44,67) 0.4

FPG (mmol/L)
OGTT (mmol/L)
BMI (kg/m?)
Waistline (cm)

561 (5.27,6.05)  5.60 (5.27,6.00)  5.60 (5.25,5.99)  5.66 (5.22,6.05)
643 (5.16,8.10)  6.27 (5.11,7.88) 627 (5.16,7.88)  6.38 (5.11,8.05)  6.71(5.32,8.54)  0.002
27.6 (24.431.6) 269 (24.030.8) 27.3(24.331.3) 27.8(24.7319)  28.1(24.9,32.8)  0.009
98.9 (90.1,108.9) 98.5(89.9,108.2) 98.3(90.3,108.4) 98.4(89.0,108.3) 100.0 (90.9,1104) 0.4

5.66(5.32,6.10) 0.3

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipopro-
tein cholesterol; LDL-C, Low-density lipoprotein cholesterol; TC, total cholesterol; TG, total triglycerides; FPG,
fasting blood sugar; OGTT, oral glucose tolerance test; PIR, poverty—income ratio. Data are presented as 1 (%)
for categorical data, medians (interquartile ranges) for nonparametrically distributed data. Variables with p-values
less than 0.05 were highlighted in bold font.

3.2. Association of Dietary Inflammatory Levels with MetS

The binary logistic regression model was employed to evaluate the correlation between
DII and the presence of MetS as a whole, as well as its individual components (Figure 2).
After controlling for sociodemographic factors and behavioral information, the group
with high DII(Q4) was found to increase the risk of MetS by 1.339 times (ORp4.01 = 1.339,
95% CI: 1.013, 1.769, p-trend = 0.018), compared to the group with the lowest DII (Q1).
When considering the components of MetS individually, the results showed that DII
was statistically significant in its association with reduced HDL-C (ORp4.g1 = 1.499, 95%
CL: 1.005, 2.234, p-trend = 0.048) and raised FG (ORp4.q1 = 1.432, 95% CI: 1.095, 1.873,
p-trend = 0.010). Furthermore, the spline regression models demonstrated a significant
increase in the risk of both MetS and its individual components with increasing DII scores
(Figure 3).
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Cases/Controls Unadjusted OR (95%CI) Adjusted OR (95%CI)
Metabolic syndrome -
Ql 236/581 1.00 1.00
Q2 278/658 1.012(0.749~1.368) 0.963(0.712~1.303)
Q3 351/641 1.337(1.005~1.778) 1.231(0.918~1.65)
Q4 420/678 1.508(1.169~1.945) 1.339(1.013~1.769)
P trend <0.001 0.018
Raised TG
Q1 195/622 1.00 1.00
Q2 217/719 0.916(0.663~1.267) 0.921(0.66~1.284)
Q3 260/732 1.144(0.853~1.535) 1.128(0.835~1.525)
Q4 286/812 1.208(0.881~1.657) 1.145(0.812~1.614)
——
P trend 0.138 0.289
Reduced HDL-C
Ql 164/653 1.00 1.00
Q2 199/737 1.245(0.91~1.703) 1.232(0.889~1.706)
i
Q3 217/775 1.248(0.89~1.752) 1.188(0.826~1.708)
—_
Q4 284/814 ——— 1.705(1.189~2.446) 1.499(1.005~2.234)
P trend 0.01 0.048
Raised BP
Q1 484/333 1.00 1.00
Q2 587/349 1.07(0.845~1.356) 0.994(0.779~1.269)
Q3 656/336 1.313(1.008~1.711) 1.187(0.902~1.562)
Q4 758/340 1.371(1.083~1.735) 1.207(0.934~1.559)
P trend 0.003 0.077
Raised FG
Ql 446/371 1.00 1.00
Q2 499/437 0.949(0.729~1.234) 0.968(0.735~1.273)
Q3 539/453 1.066(0.801~1.418) 1.12(0.841~1.492)
Q4 635/463 1.281(1.009~1.625) 1.432(1.095~1.873)
——
P trend 0.044 0.01
Raised WC
Q1 712/105 1.00 1.00
Q2 141/795 0.904(0.604~1.354) 0.887(0.593~1.325)
Q3 883/109 —— 1.222(0.771~1.937) 1.137(0.708~1.828)
—_—
Q4 975/123 —— 1.355(0.912~2.014) 1.205(0.806~1.803)
——
P trend 0.086 0.291

0.5 1 1.5 2 2.5
Odds Ratio

Figure 2. Association of DII with MetS and its components. Adjusted for confounding factors
such as age, gender, race, education, poverty—income ratio, smoking, alcohol consumption, and
sedentary behavior.
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Figure 3. The restricted cubic spline for the associations of DII with MetS and its components.
(A) Metabolic syndrome; (B) Raised FG; (C) Raused TG; (D) Raised WC; (E) Reduced HDL-C;
(F) Raised BP. Knots were placed at the 5th, 35th, 65th, and 95th percentiles of the DII distribu-
tion. Results were adjusted for age, gender, race, education, poverty—income ratio, smoking, alcohol
consumption, and sedentary behavior.

To evaluate the potential influence of sex and age on our study, we conducted separate
analyses stratified by gender and age (Figures 4 and 5). Our results showed that, after
controlling for other factors, the risk of MetS (ORg4.01 = 1.783; 95% CI: 1.171, 2.715; p-
trend = 0.008) and its component of raised FG (ORg4.01 = 1.591; 95% CI: 1.045, 2.422;
p-trend = 0.049), increased significantly in the high DII group (Q4) compared to the low
DII group (Q1) among females. Meanwhile, the high dietary inflammation group also
exhibited an elevated risk of reduced HDL-C (ORg4.01 = 1.732; 95% CI: 1.013, 2.962; p-
trend = 0.047) among males. In the analysis of different age groups, the highest DII group
was associated with an increased risk of MetS (ORg4.01 = 1.415; 95% CI: 1.039, 1.928;
p-trend = 0.045), and its component of raised TG (ORp4.01 = 1.6; 95% CI: 1.118, 2.29; p-
trend = 0.011), raised BP (OR4.01 = 1.617; 95% CI: 1.09, 2.399; p-trend = 0.038), and raised
FG (ORg4:01 = 1.59; 95% CI: 1.181, 2.139; p-trend = 0.014) in individuals aged over 60 years.
However, in the 45~60 age group, a significant association between high DII and reduced
HDL-C (ORp4.g1 = 1.704; 95% CI: 1.074, 2.705; p-trend = 0.033) was observed, while such
an association was not observed in the group aged >60 years.
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Male(n=1887)

Famale (n=1956)

Cases/Controls Unadjusted OR (95%CI) Adjusted OR (95%CI) Cases/Controls Unadjusted OR (95%CI) Adjusted OR (95%CI)

MetS —_. —_-— —_. —_-
Ql 161/345 1.00 . 75/236 1.00 1.00
Q2 140/362 —a— 0.759(0.507~1.136) 0.75(0.499~1.128)  138/296 — 1.6(1.107~2.313)  1.438(0.977~2.116)
Q3 161/297 +—s—t 0.963(0.637~1.455)  0.94(0.61~1.449)  190/344 ——— 2.162(1.459~3.202) 1.837(1.229~2.746)
Q4 148/273  +—m—— 1.189(0.774~1.827) 1.143(0.715~1.829) 272/405 T 2.29(1.548~3.389)  1.783(1.171~2.715)
P trend 0.534 0.706 <0.001 0.008
Raised TG
Q1 129/377 1.00 1.00 66/245 1.00 1.00
Q2 114/388 —a— 0.731(0.459~1.164)  0.736(0.45~1.203)  103/331 = 1.228(0.744~2.028) 1.174(0.718~1.919)
Q3 120/338 +—a—t 1.013(0.656~1.565) 1.076(0.679~1.704) 140/394 — 1.389(0.838~2.305) 1.228(0.731~2.062)
Q4 103/318  +—8—— 1.121(0.721~1.742) 1.108(0.67~1.832)  183/494 — 1.438(0.85~2.431  1.199(0.681~2.112)
P trend 0.613 0.613 0.146 0.524
Reduced HDL-C
Ql 97/409 1.00 1.00 67/244 1.00 1.00
Q2 99/403  r—m—— 1.272(0.818~1.979) (0.811~2.02) 100/334  +—=— 1.209(0.771~1.897) 1.174(0.755~1.826)
Q3 86/372 +—8—— 1.171(0.724~1.892) 1.227(0.747~2.014) 131/403 — 1.292(0.816~2.047) 1.119(0.706~1.773)
Q4 101/320 ——s—— 1.776(1.079~2.921) 1.732(1.013~2.962) 183/494 —— 1.643(1.042~2.592) 1.337(0.832~2.148)
P trend 0.047 0.049 0.043 0.3
Raised BP
Q1 319/187 1.00 1.00 165/146 1.00 1.00
Q2 330/172 +—m— 0.968(0.67~1.398)  0.948(0.66~1.36)  257/177 -— 1.263(0.893~1.786)  1.09(0.742~1.601)
Q3 310/148  +—m—— 1.266(0.849~1.887) 1.165(0.769~1.764) 346/188 —— 1.509(0.981~2.321) 1.258(0.803~1.972)
Q4 299/122  —m—— 1.298(0.863~1.95)  1.245(0.82~1.891)  459/218 —— 1.648(1.135~2.393) 1.232(0.804~1.888)
P trend 0.154 0.286 0.007 0.266
Raised FG
Ql 319/187 1.00 1.00 127/184 1.00 1.00
Q2 310/192 +—=— 0.914(0.643~1.299)  0.9(0.636~1.274)  189/245 +—=—— 1.114(0.687~1.807) 1.049(0.644~1.709)
Q3 300/158 —— 1.578(1.053~2.363) 1.515(1.002~2.289) 239/295  +—#— 1.003(0.637~1.578)  0.907(0.58~1.417)
Q4 272/149  +—m— 1.171(0.832~1.648) 1.12(0.773~1.621)  363/314 —a— 1.804(1.207~2.696) 1.591(1.045~2.422)
P trend 0.082 0.161 0.008 0.049
Raised WC
Q1 435/71 1.00 1.00 277/34 1.00 1.00
Q2 415/87 +—a— 0.956(0.582~1.568)  1.011(0.61~1.675)  380/54 ._.’—':“ 0.829(0.429~1.602)  0.75(0.386~1.458)
Q3 390/68 +—m—— 0.917(0.509~1.653) 0.978(0.537~1.783)  493/41 s 1.578(0.781~3.188) 1.301(0.621~2.728)
Q4 358/63 —— 1.497(0.882~2.539) 1.677(1.007~2.792)  617/60 —_a— 1.211(0.694~2.113) 0.897(0.485~1.659)
P trend 0.393 0.216 0.195 0.856

51 152 253 .5 .5 .5 .5

Odds Ratio Odds Ratio

Figure 4. Subgroup analysis of association between DII and MetS as a whole and its components
among different gender groups. Adjusted for confounding factors such as age, gender, race, education,
poverty—income ratio, smoking, alcohol consumption, and sedentary behavior. Q1 [-5.21, —1.33), Q2
[—1.33, 0.10), Q3 [0.10, 1.52), Q4 [1.52, 4.43) for male; Q1 [—4.71, —0.54), Q2 [-0.54, 1.10), Q3 [1.10,
2.37), Q4 [2.37, 4.66) for female.

Age (45~60years)

Age (>60years)

Controls/Cases Controls/Cases
! OR (95%CI)  Adjusted OR (95%CI) Y OR (95%CI)  Adjusted OR (95%CI)
MetS —-— - —-— —_-
Ql 294/87 1.00 1.00 / 1.00 1.00
Q ET T 0.865(0.541-1383)  086(0.522-1418) o e LIDOSFLO) 11205156
Q3 337/136 P‘,_.—" 1.527(0.977~2.388) 1.567(0.986~2.49) 307000 S L104(0.807~1511)  (.98(0.719~1337)
Q4 332/133 —— 1.355(0.865~2.121)  1.339(0.835~2.149) 3471295 —— 1788(1.338~2.388)  1.415(1.039~1.928)
%tn?ndd G 0.049 0.061 <0.001 0.045
aise
Ql 268/113 1.00 1.00 364079 100 100
o) E Y L A - 0.79(0.483~1.292)  0.795(0.479~1.32) 0 T 1.2620.83~1921)  1206(0.79-1.841)
Q3 350/123 o -— 1.036(0.707~1.518)  1.066(0.716~1.587) 375/132 — 1.394(0.958-2.027)  1.302(0.897~1.888)
Q4 350115 T 0.957(0.581~1.579)  0.959(0.562~1.635) 16377 T LSS(LSS266) 1(1.118~2.29)
Roamced HDL-C o7 0820 o e
u —

Q1 292/89 N 1.00 1.00 371 1.00 100
Q 348/110 - — 1.403(0.881~2.233)  1.405(0.885~2.231) 09 1.192(0.776~1.831)  1.093(0.711~1.683)
82 355/118 ey }gg;:ggg%égg 1.458(0.953~2.233) 41007 = 1.026(0.657~1.603)  0.915(0.578~1.449)

333/132 T 1.589(0.963~2. 1.704(1.074~2.705) 187155 e 1854(1212-2.834) 1 478(0.944-2314
P trend 0.094 0.033 0015 ( 201 )
Raised BP
Ql 203/178 . 1.00 1295314 0 |
Q 2623 0.949(0.65~1385)  0.933(0.615~1.414) o3ss = 1.372([).96L9.96) 1262(0.879~1.81)
Q3 2201253 [ — 1.206(0.825~1.763)  1.231(0.817~1.855) 12538 T 1.306(0.888~1.922)  1.109(0.759~1.619)
Q4 218/247 —— 1.087(0.735~1.609)  1.083(0.705~1.665) 118/524 T 2248(1.562~3.236)  1.617(1.09~2.399)
P trend 043 0.459 <0.001 0.038
Raised FG
Ql 200/481 1.00 A 1801263 1.00 1.00
Q2 237/221 —— 0.953(0.656~1.386)  0.971(0.652~1.447) 187287  TE— 1.182(0.818~1.707) 1.25(0.855~1.827)
Q3 238/235 —— 1.062(0.713~1.582)  1.176(0.802~1.725) Y G —— 1.060.746~1507)  1.117(0.78~1.601)
Q4 228/237 [ — 1.262(0.823~1.936)  1.426(0.906~2.245) 235/407 —— 1.413(1.069~1.868)  1.59(1.181~2.139)
P trend 0.245 0.084 0.052 0.014
Raised WC
Q1 55/326 1.00 1.00 54389 100 1.00
Q 87371 = 0.83(0.485-1.419)  0.827(0.48~1.427) e 1.301(0.766~2.208)  1.219(0.713~2.084)
Q3 63/410 R 1.225(0.664~2.259)  1.204(0.627~2.313) 19458 —E— L164(0.575~2.353)  1.063(0.521~2.167)
Q4 59/406 — 1.236(0.705~2.169)  1.14(0.643~2.023) 64/578 T L733(1043~2.879)  1.438(0.899~2.299)
P trend 0.261 0.427 0.099 0313

T T T 11
05 1 15 2 25 051 15 2_ 253
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Figure 5. Subgroup analysis of association between DII and MetS as a whole and its components
among different age groups. Adjusted for confounding factors such as age, gender, race, education,
poverty —income ratio, smoking, alcohol consumption, and sedentary behavior. Q1 [-5.21, —1.10),
Q2[-1.10, 0.60), Q3 [0.60, 2.09), Q4 [2.09, 4.23) for the age range of 45 to 60 years; Q1 [—4.71, —0.89),
Q2[-0.89, 0.66), Q3 [0.66, 1.99), Q4 [1.99, 4.66) for age over 60 years.
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3.3. Association of DII Levels with Biochemical Markers of MetS

A generalized linear regression model was utilized to establish the correlation between
levels of DII and indicators of MetS (Figure 6). Upon adjusting for variables such as
age, gender, ethnicity, education, poverty—income ratio, smoking, alcohol consumption,
and sedentary time, a statistically significant difference (p < 0.05) was found between
the DII level and the remaining five metrics, excluding SBP, DBP, OGTT, TC, and LDL-
C. Specifically, there was a positive correlation between DII levels and BMI (8 = 0.258,
p = 0.001), FPG (B = 0.019, p = 0.049), TG (B = 2.043, p = 0.013), waistline (8 = 0.580,
p = 0.002), and a negative correlation with HDL-C (8 = —0.672, p = 0.003). Additionally,
the quantile regression model analyzed the association between MetS-related indicators
and various quantile points of the DII level (Figure 7). The results were consistent with
those of the generalized linear regression, showing a gradually increasing trend in the
positive correlation between DII levels and BMI, waistline, FPG, and TG, and a gradual
decrease in the correlation with HDL-C. The findings suggest that a pro-inflammatory diet
increases the risk of obesity, hyperglycemia, and hyperlipidemia.

Indicators (dependent variable) Reference S.E. t P
Unadjusted p(95%CI)
BMI (kg/m?) u 0.281(0.137,0.042) 0.072  3.900 <0.001
FPG(mmol/L) L 0.01(0.002,0.036) 0.008 2.160 0.034
OGTT(mmol/L) . 0.092(0.043,0.141) 0.024 3.730 <0.001
SBP (mmHg) i 0.541(0.139,0.942) 0.202 2.680 0.009
DBP (mmHg) HH —0.493(-0.758,-0.227) 0.133 —3.700 <0.001
TC(mg/dL) —— 1.317(0.212,2.421) 0.555 2.370 0.021
TG(mg/dL) —a— 2.16(0.611,3.716) 0.780 2.770 0.006
HDL(mg/dL) - —0.258(—0.714,0.198)  0.229 —1.130 0.26
LDL(mg/dL) —— 1.134(0.2,2.06) 0.469 2.420 0.018
Waistline (cm) 2 0.319(-0.034,0.67)  0.178 1.800 0.076
Adjusted B(95%CI)
BMI(kg/m?) - 0.258(0.103,0.412) 0.077 3.330 0.001
FPG(mmol/L) n 0.019(0.001,0.039) 0.009 1.960 0.049
OGTT(mmol/L) n 0.036(—0.019,0.092)  0.028 1.310 0.192
SBP (mmHg) = 0.211(-0.218,0.64)  0.216 0.980 0.331
DBP (mmHg) i —0.289(-0.59,0.012)  0.151 —1.910 0.059
TC(mg/dL) —— 0.458(—0.675,1.59)  0.568 0.081 0.423
TG(mg/dL) —a—  2.043(0.437,3.647) 0.805 2.540 0.013
HDL(mg/dL) - -0.672(—1.112,—0.231) 0.221 —3.040 0.003
LDL(mg/dL) —— 0.715(-0.24,1.67) 0.479 1.490 0.14
Waistline (cm) i 0.58(0.203,0.955) 0.189 3.070 0.002

T T T T T T T T T 1
-1-0.50 05 1 1.5 2 25 3 35
Regression coefficient (B)

Figure 6. Generalized linear regression analysis of DII levels and indicators of MetS. BMI, body mass
index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, total triglycerides;
FPG, fasting blood sugar; OGTT, oral glucose tolerance test. Adjusted for confounding factors
such as age, gender, race, education, poverty—income ratio, smoking, alcohol consumption, and
sedentary behavior. Green: No adjustments were made; Red: Adjusted for confounding factors.
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Figure 7. Quantile regression estimation coefficient plot of DII level versus biochemical index of
MetS. Adjusted for confounding factors such as age, gender, race, education, poverty—income ratio,
smoking, alcohol consumption, and sedentary behavior.

4. Discussion

In this study, we investigated the association between DII scores and MetS in middle-
aged and older adults using data from the National Health and Nutrition Examination
Survey (NHANES). Following adjustment for confounding factors, our study revealed
that individuals aged 45 years or older, with high DII scores, were at a greater risk of
developing MetS, decreased levels of HDL-C, and elevated FG compared to those with
low DII scores. Gender and age-specific analyses revealed that women with high DII
scores had a greater likelihood of experiencing MetS and raised FG, while men with high
DII scores had an increased risk of reduced HDL-C. Furthermore, DII scores were linked
to a greater likelihood of MetS and its constituent components of raised TG, raised BP,
and raised FG in individuals aged 60 years and above. Finally, we employed generalized
linear regression and quantile regression models to evaluate the correlation between DII
and MetS-related markers and found a notable relationship between DII scores and BMI,
waist circumference, FPG, TG, and HDL-C levels. Our findings support the use of DII
scores as a dietary assessment tool and underscore the importance of dietary interventions
in preventing MetS.

Elevated levels of inflammatory markers, including IL-6, C-reactive protein (CRP),
and TNF-«, have been associated with higher levels of DII in the bloodstream [31,32].
This suggests that reducing the DII through dietary intervention may prevent the de-
velopment and progression of MetS. Our findings are consistent with other studies con-
ducted in various countries, including Columbia, Mexico, South Korea, Croatia, China,
and Iran [23,33-37]. Previous research has shown that a Western-style diet high in fat,
salt, and refined carbohydrates increases the risk of inflammatory diseases, including
MetS [38,39]. In contrast, diets with low DII scores, such as the DASH and Mediterranean
diets, have been associated with improved health [40—43]. In addition, various dietary
patterns with different DII scores can also affect the composition of the intestinal microbiota
and ultimately impact overall health [44]. For instance, a pro-inflammatory diet such as
the Western diet is associated with lower gut microbial diversity and reduced probiotic
abundance, while an anti-inflammatory diet such as the Mediterranean diet has been
found to have higher gut microbial diversity and increased probiotic abundance [45,46].
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Therefore, the results indicate that middle-aged and older individuals can prevent and
mitigate the onset and progression of MetS by improving their dietary structure. Our
study also found that middle-aged and older women with higher DII levels were more
prone to MetS and hyperglycemia. This is due to the fact that women are more prone
to weight gain physiologically, particularly during menopause when levels of estrogen
in the body decrease, leading to increased fat storage. With age, the distribution of fat
within the female body also changes, shifting from the lower limbs to the abdominal area,
causing an increase in abdominal fat [47,48]. Additionally, insulin sensitivity decreases in
women during menopause, leading to weakened glucose control and a slowing of glucose
metabolism [49,50]. Studies have also found that women tend to be less physically active
than men and are also more susceptible to overeating due to lifestyle stress and emotional
factors [51]. These factors all increase the risk of women developing MetS. To prevent the
onset of MetS, women need to pay more attention to preventing it by maintaining healthy
dietary and exercise habits. Moreover, the study found that high DII scores were associated
with an increased risk of MetS in individuals aged 60 years and older, but not in those aged
45 to 60 years. Aging is also associated with chronic low-grade inflammation, which may
exacerbate the inflammatory effects of a high DII diet, leading to a higher risk of developing
MetS [52,53]. In contrast, individuals aged 45 to 60 years may be more able to control their
dietary habits and physical activity levels, which could help to counteract the negative
effects of a high DII diet. However, it is important to note that our study only found an
association between DII and MetS, and further research is needed to determine causality
and to explore the mechanisms behind the observed association.

In addition, in our investigation, we sought to examine the relationship between
indicators of MetS and DII scores through both linear and quantile regression models.
Results showed that among all MetS indicators, DII was significantly linked with BMI, FPG,
TG, HDL-C, and waistline. In a study conducted in East Azerbaijan, Iran, it was found that
individuals in the highest quartile of DII scores had significantly elevated levels of FBG
(OR =2.56, 95% CI = 1.00 to 7.05) [23]. Meanwhile, in a Dutch cohort study, it was observed
that increasing DII levels were associated with elevated fasting blood glucose concentrations
(B =0.09,95% CI =0.01, 0.17) [20]. However, a study conducted in Luxembourg found no
correlation between DII and serum glucose levels [19]. The disparities in the correlation
between DII scores and MetS indicators may stem from disparities in the study population
and variations in the techniques employed for dietary evaluation and the foods taken into
account for DII calculation. Studies have shown that high DII diets contain large amounts
of processed foods, which are rich in saturated fatty acids and trans-fatty acids and high in
sugar, affecting the secretion of gut hormones and digestive enzymes within the intestine,
suppressing insulin secretion, and leading to an increase in fat storage in the body [54].
In addition, high DII diets cause an imbalance in gut microbiota, leading to an overgrowth
of pathogenic bacteria and the production of large amounts of endotoxins, which enter the
circulation system and cause low-grade inflammation, leading to metabolic disturbance
in the body [55]. Therefore, a low DII diet pattern is positively impactful on the health of
middle-aged and elderly individuals.

To our knowledge, this is the first study to investigate the association between DII
scores and MetS-related markers in middle-aged and elderly individuals aged 45 or above
in the United States. Despite some limitations, such as its cross-sectional design that
impedes any causal inference, possible errors in dietary recall and covariate data due to self-
reported information, the likelihood of unknown confounding factors that are not present
in the NHANES database, and the potential lack of generalizability to other countries
due to inter-country differences, the study results are based on a large, diverse sample of
non-institutionalized participants and may be generalizable to the overall U.S. population.

In conclusion, this study’s findings offer evidence for promoting healthy dietary
practices among middle-aged and elderly individuals to deter the onset of MetS and
provide a theoretical foundation for disease prevention and treatment that encompasses
dietary management, specifically for those in the pre-disease stage. Further, in-depth
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prospective studies are required to establish a causal relationship between an inflammatory
diet and the development of MetS and to examine the role of dietary composition in
the etiology of the disease. Ultimately, strategies should be devised for the widespread
prevention and treatment of chronic illnesses.

5. Conclusions

In the United States, among middle-aged and elderly individuals, a high DII score
was found to be correlated with the presence of MetS, reduced HDL-C, and raised FG.
Therefore, dietary recommendations for the middle-aged and elderly in the United States
should focus on reducing the DII by choosing foods rich in antioxidants, dietary fiber,
and unsaturated fatty acids, such as vegetables, fruits, nuts, whole grains, deep-sea fish,
flaxseeds, etc. Additionally, they should reduce their intake of processed foods, such as
high sugar, high salt, high-fat foods, and carbohydrates with high calorie levels.
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/ /www.mdpi.com/article/10.3390/nu15081857/s1, The supplementary file contains the raw data
for this study.
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