
R E S E A R C H Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Chen et al. Lipids in Health and Disease          (2023) 22:149 
https://doi.org/10.1186/s12944-023-01914-z

Lipids in Health and Disease

†Xiaozhe Chen and Chunlei Hou contributed equally to the 
manuscript and shared first authorship.

*Correspondence:
Bo Lu
lubo200609@126.com
Deyu Fu
fdy65@126.com

Full list of author information is available at the end of the article

Abstract
Background and aims  This study aimed to investigate the association between the Dietary Inflammatory Index (DII) 
and dyslipidemia, as well as to evaluate the mortality risk associated with DII in participants with dyslipidemia.

Methods  Data from the National Health and Nutrition Examination Survey database were divided into dyslipidemia 
and non-dyslipidemia groups. The association between DII and dyslipidemia was investigated using the weighted chi-
square test, weighted t-test, and weighted logistic regression. Weighted Cox proportional hazards models were used 
to estimate the hazard ratios and 95% confidence intervals for all-cause and cardiovascular disease-related mortality 
within the dyslipidemia group.

Results  A total of 17,820 participants, including 4,839 without and 12,981 with dyslipidemia were analyzed in this 
study. The results showed that DII was higher in the dyslipidemia group compared to the non-dyslipidemia group 
(1.42 ± 0.03 vs. 1.23 ± 0.04, P < 0.01). However, for energy, protein, carbohydrates, total fat, saturated fat, and iron, 
DII was lower in participants with dyslipidemia. Logistic regression analysis revealed a strong positive association 
between DII and dyslipidemia. The odds ratios for dyslipidemia from Q1 to Q4 were 1.00 (reference), 1.12 (0.96–1.31), 
1.23 (1.04–1.44), and 1.33 (1.11–1.59), respectively. In participants with dyslipidemia, a high DII was associated with 
high all-cause and cardiovascular mortality.

Conclusion  DII was closely associated with dyslipidemia. A pro-inflammatory diet may play a role in unfavorable 
consequences and is linked to both all-cause mortality and cardiovascular death in patients with dyslipidemia. 
Participants with dyslipidemia should pay attention to their anti-inflammatory dietary patterns.
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Introduction
Dyslipidemia comprises a range of conditions primarily 
defined by elevations in lipoprotein cholesterol, includ-
ing low-density lipoprotein (LDL) and non-high-density 
lipoprotein cholesterol, as well as elevated triglycerides 
(TG) [1]. In the United States, 29% and 26% of adults have 
elevated LDL and TG levels, respectively [2]. Early accu-
mulation of total cholesterol (TC) increases the risk of 
cardiovascular diseases (CVDs) by 2–3 times [3], which 
is a high-risk factor for stroke and death [4]. According 
to the U.S. Preventive Services Task Force, CVDs account 
for > 25% of all deaths in the United States [5]. Dyslipid-
emia causes a huge health and economic burden world-
wide, and medical treatment has long been committed 
to improving dyslipidemia [6]; however, there is a serious 
lack of awareness of the etiology and prevention of this 
disease [7].

Dyslipidemia is primarily caused by hereditary, nutri-
tional, and systemic diseases [8, 9]. Anti-inflammatory 
dietary patterns (such as the Mediterranean diet [10], 
dash diet [11], and Nordic diet [12]) are considered to 
have preventive effects. Potential mechanisms include 
improving insulin resistance [13], altering the gut micro-
biome [14], reducing mucosal and systemic inflamma-
tory responses [15], and affecting epigenetic links such 
as DNA methylation and acetylation [16]. Obesity is 
another important risk factor for dyslipidemia, which 
has been recognized as chronic low-grade inflammation; 
a high-sugar, high-fat diet leads to increased harmful 
metabolites and systemic inflammation, which ultimately 
promotes the progression of obesity [17, 18].

The Dietary Inflammatory Index (DII) is a tool used to 
assess the level of an individual’s dietary inflammation 
by scoring the pro- or anti-inflammatory levels of vari-
ous diets, which helps to clarify the relationship between 
diet-related inflammation and various metabolic diseases 
[19].

Increasing attention has been paid to the important 
role of systemic chronic inflammation in the occurrence 
and development of obesity [17], metabolic syndrome 
[20], cardiovascular metabolic diseases [21], diabetes 
mellitus (DM) [22], tumors [23] and other major chronic 
noncommunicable diseases [24] that threaten human 
health. Most studies were clinical trials, limited by the 
number of participants and short follow-up periods. No 
study has analyzed the association between DII and dys-
lipidemia and the risk on mortality outcomes in partici-
pants with dyslipidemia in large, well followed-up public 
databases so far.

In this study, we compared DII between individuals 
with and without dyslipidemia, explored the dose rela-
tionship between DII and dyslipidemia, and investigated 
the association between DII and all-cause mortality and 
CVDs mortality in the dyslipidemia group based on 
the National Health and Nutrition Examination Survey 
(NHANES) databases.

Methods
Data extraction
NHANES is a nationwide cross-sectional survey con-
ducted by the National Center for Health Statistics in 
the United States. Detailed information on the design of 
the continuous NHANES is available at http://www.cdc.
gov/nchs/nhanes/index.htm. All study protocols were 
approved by the Ethics Review Board of the National 
Center for Health Statistics. Ethical accreditation of our 
study was provided by the NHANES institutional review 
board https://www.cdc.gov/nchs/nhanes/irba98.html 
(Protocol #98 − 12, Protocol #2005-06, Protocol #2011-
17, Protocol #2018-01).

Data from 1999 to 2019 were gathered from the 
NHANES database [25]. The program uses the United 
States Department of Agriculture’s automated multi-
ple-pass method (AMPM) to collect dietary informa-
tion from representative participants. Participants were 
selected based on a national sampling design. The AMPM 
approach is a research-based multiple-pass approach 
aimed at minimizing interviewer recall regarding food 
consumption [26]. Five steps were designed to enhance 
the completeness and accuracy of food recall. Addition-
ally, at the conclusion of the interview, the participants 
were asked to indicate whether their food intake on the 
recalled day was greater, similar, or significantly lower 
than their usual consumption [27]. Finally, the nutrient 
profiles of every food and beverage were calculated using 
the Food Nutrient Database for Dietary Studies.

The inclusion criteria were: (1) participants at least 
20 years old; (2) complete and accessible participants 
information; (3) complete mortality follow-up informa-
tion; and (4) complete information regarding all expo-
sure variables, outcome variables, and covariables. The 
collection is detailed in the flow chart (Fig.  1). Overall, 
116,876 participants were included. After excluding par-
ticipants without serum information (serum lipids and 
routine blood tests), dyslipidemia diagnosis information, 
DII information, and information about other covari-
ables, including body mass index (BMI), smoking status, 
alcohol status, and other related diseases (hypertension, 
diabetes mellitus [DM], coronary artery disease [CAD], 
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chronic heart failure [CHF], stroke, and cancer), 17,820 
participants were ultimately included in our analysis.

Exposure variable
DII was set as the exposure variable. It was calculated by 
adding the scores for each dietary component consumed 
within 24 h. We calculated DII according to the protocol 
described by Shivappa et al. [19]. The calculation of DII 
was based on a world database containing dietary intake 
data, as described by Shivappa et al. Robust estimates of 
the mean and standard deviation for each parameter were 
provided. The centered percentile value for each parame-
ter was multiplied by the overall food parameter-specific 

inflammatory effect score. Food parameter-specific DII 
scores were summed to obtain the overall DII score for 
each individual. DII based on less than 30 food param-
eters reportedly maintains its predictive capacity. In 
the NHANES database, 28 food parameters are avail-
able, including energy, protein, carbohydrate, fiber, total 
fat, saturated fat, monounsaturated fatty acids (MUFA), 
polyunsaturated fatty acids (PUFA), cholesterol, Vitamin 
A, β-carotene, thiamin, riboflavin, niacin, Vitamin B6, 
folic acid, Vitamin B12, Vitamin C, Vitamin D, Vitamin 
E, magnesium, iron, zinc, selenium, caffeine, alcohol, and 
N3 and N6 fatty acids. By summarizing each DII score, 
we obtained an “overall DII score,” which is the final DII 

Fig. 1  Flow chart of the screening process for the selection of participants in NHANES (1999–2019)
Note: *diagnosis including: hypertension, DM, CAD, CHF, stroke and cancer
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score for each topic that defines anti-and proinflamma-
tory diets. DII is lower with an anti-inflammatory diet 
and higher with a pro-inflammatory one.

Outcome variable
The main outcomes were dyslipidemia status and mor-
tality. Dyslipidemia was defined as an elevated TG 
(≥ 150  mg/dL) TC level (≥ 200  mg/dL or 5.18 mmol/L, 
LDL cholesterol ≥ 130  mg/dL or 3.37 mmol/L, or high-
density lipoprotein [HDL]  cholesterol < 40  mg/dL or 
1.04 mmol/L in men and < 50 mg/dL or 1.30 mmol/L in 
women) or intake of cholesterol-lowering agents [28].

To investigate whether DII is associated with the risk 
of all-cause and CVD-related mortality in patients with 
dyslipidemia, we performed a survival analysis in the 
dyslipidemia group. Mortality status was determined by 
cross-referencing the NHANES data with the national 
death index records, commencing from the baseline sur-
vey date until December 31, 2019. The identification of 
fatalities resulting from CVDs (specifically I20–I51, I11, 
I13, I00–I09) was based on the 10th revision of the Inter-
national Statistical Classification of Diseases and Related 
Health Problems (ICD-10).

Covariable
We included covariables associated with DII and dyslip-
idemia based on previous studies [29, 30]. The variables 
included age, sex, race, education, annual family income, 
BMI, C-reactive protein (CRP), alcohol consumption, 
smoking status, hypertension, DM, CAD, CHF, stroke, 
and cancer. The following covariables were extracted 
directly from the NHANES database according to par-
ticipants’ self-reported data: age, sex, and race.

BMI was calculated as weight (kg) divided by height 
squared (m2) [31].

Hypertension was diagnosed when one of the follow-
ing conditions was met [32]: (1) participant responded 
affirmatively to the inquiry “Have you received a defini-
tive diagnosis of hypertension?”; (2) participant dis-
played a systolic blood pressure (SBP) measurement ≥ 140 
mmHg and/or a diastolic blood pressure (DBP) measure-
ment ≥ 90 mmHg; or (3) current use of antihypertensive 
medication.

DM was diagnosed when any of the following con-
ditions were met [33]: (1) participant answered 
affirmatively to the question “Do you have a clear diag-
nosis of DM?”; (2) glycohemoglobin levels > 6.5%; (3) 
fasting plasma glucose levels ≥ 7.0 mmol/L; (4) randomly 
assigned blood glucose levels ≥ 11.1 mmol/L; (5) 2-hour 
oral glucose tolerance test levels ≥ 11.1 mmol/L; or (6) 
the participant was taking medications for diabetes or 
insulin.

CHF, CAD, cancer, and stroke were diagnosed accord-
ing to the participants’ answers to the question, “Do you 
have a clear diagnosis of CHF/CAD/cancer/stroke?”

Education level was classified as “below high school,” 
“high school,” and “above high school.”

Alcohol intake was categorized as never (< 12 drinks 
in lifetime), former drinker (≥ 12 drinks in 1 year and 
consumed none in the past year, or had not consumed 
alcohol in the past year but drank ≥ 12 drinks in their life-
time), current mild drinker (≤ 1 drink per day for women 
or ≤ 2 drinks per day for men on average over the past 
year), current moderate drinker (≤ 2 drink per day for 
women or ≤ 3 drinks per day for men on average over the 
past year), or current heavy drinkers (> 3 drinks per day 
for women or > 4 drinks per day for men on average over 
the past year) [34].

Statistical analysis
In our study, wtdr4  year and wtdrd1 were used as 
weighted variables. Wtdr4  year was the sample weight-
ing code for day-1 dietary in 1999–2002 while wtdrd1 
were the sample weighting code for day-1 dietary in 
2003–2019. The detail information about sample weight-
ing code could be found on https://wwwn.cdc.gov/nchs/
nhanes/search/default.aspx.

Our study conducted two sets of quartile calculations: 
one based on DII of all participants and the other based 
on the dyslipidemia subgroup. The former were labeled 
as Q1, Q2, Q3, and Q4, while the latter were labeled as 
q1, q2, q3, and q4. Three adjustment variables of the 
models were used for the dose-related and survival 
analyses. Model 1 was adjusted for age and sex; Model 
2 was adjusted for age, sex, race, education, and BMI; 
and Model 3 was adjusted for age, sex, race, education, 
BMI, smoking, alcohol consumption, and comorbidi-
ties, including hypertension, DM, CAD, CHF, stroke, and 
cancer. All data were analyzed using R (version 4.2.3; R 
Foundation for Statistical Computing, Vienna, Austria) 
and R Studio. P < 0.05 was considered as a statistically sig-
nificant. For continuous variables, the mean and standard 
error (SE) were used, and weighted t-tests were used for 
comparison. For categorical variables, we used the num-
ber of cases and weighted prevalence for description and 
a chi-squared test for comparison between groups.

Univariate logistic regression analyses were performed 
to investigate the association between dyslipidemia and 
DII. A multivariate logistic regression model was then 
used to analyze the relationship between DII and dys-
lipidemia after adjusting for covariables. The adjusted 
variables included sex, BMI, race, family income, edu-
cation, comorbidities (CHF, DM, CAD, hypertension, 
cancer, and stroke), and smoking, and alcohol status. 
Dose-related analyses of DII in participants with dys-
lipidemia were performed using multivariate logistic 

https://wwwn.cdc.gov/nchs/nhanes/search/default.aspx
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regression. The outcome variable was dyslipidemia, and 
the control group was participants without dyslipidemia. 
We calculated Pfor trend to assess the association between 
DII and dyslipidemia, adjusted with the three aforemen-
tioned models. We conducted a subgroup analysis of age, 
sex, race, family income, education level, BMI, comorbid-
ities, smoking, and alcohol consumption.

Finally, a survival analysis was performed in the sub-
group of participants with dyslipidemia to reveal the 
association between the DII and the risk of all-cause 
and CVD-related mortality in these participants. Cox 
regression analysis was performed using DIIs of par-
ticipants with dyslipidemia. The Cox proportional haz-
ards model was used to estimate the hazard ratios (HRs) 
and 95% confidence intervals (CIs) for the association 
between concentrations and all-cause and cause-specific 
mortality.

Results
Baseline characteristics of participants
Overall, 17,820 participants were involved, represent-
ing a population of 117,825,860 US citizens with robust 
follow-up data. Table  1 shows the basic information of 
participants with and without dyslipidemia. Participants 
with dyslipidemia (12,981) accounted for approximately 
72.84% of all the participants in our study. Participants 
with dyslipidemia exhibited higher DII (1.42 ± 0.03 vs. 
1.23 ± 0.04), BMI (29.15 ± 0.11 vs. 26.24 ± 0.12 kg/m2), and 
blood pressure (SBP: 123.57 ± 0.27 mmHg vs. 117.51 ± 0.35 
mmHg; DBP: 71.68 ± 0.22 mmHg vs. 69.42 ± 0.26 mmHg). 
Additionally, participants with dyslipidemia were older 
(50.13 ± 0.28 years vs. 40.21 ± 0.36 years), with a higher 
CRP (0.44 ± 0.02 mg/L vs. 0.31 ± 0.01 mg/L) and likelihood 
for comorbidities (hypertension, DM, CAD, CHF, stroke, 
and cancer). The baseline characteristics of the partici-
pants across DII quartiles are shown in Supplementary 
Table S1. Compared with the Q1, Q2, and Q3 groups, 
the Q4 group had the highest proportion of participants 
with dyslipidemia. The results also suggested a gradual 
decrease in the proportion of participants without dyslip-
idemia in the Q1–Q4 groups, which were 30.04%, 26.57%, 
25.38%, and 23.74%, respectively. In Q4, the propor-
tion of participants with dyslipidemia reached 76.26%, 
accompanied by a higher BMI of 29.10 ± 0.16 kg/m2. Fur-
thermore, the Q4 group exhibited a higher incidence of 
comorbidities, including CHF, DM, stroke, and hyperten-
sion than the Q1–Q3 groups. Moreover, Q4 showed the 
highest CRP levels (0.52 ± 0.03 mg/L).

Comparison of DII and component of DII between the 
dyslipidemia and non-dyslipidemia groups
Compared to participants without dyslipidemia, those 
with dyslipidemia had higher scores for fiber, MUFA, 
PUFA, vitamins A/E/B6, thiamin, riboflavin, niacin, folic 

acid, magnesium, zinc, selenium, alcohol, and N-6 fatty 
acids. However, they had lower energy, protein, carbohy-
drate, total fat, saturated fat, and iron scores (Supplemen-
tary table S2).

Association between DII and dyslipidemia
The univariate logistic regression analysis is presented in 
Fig.  2A. DII was strongly and positively associated with 
dyslipidemia. The odds ratio (OR) (95% confidence inter-
val [CI]) was estimated to be 1.06 (1.03–1.09), indicating 
that the odds of having dyslipidemia increased by 1.06 
times for every one-unit increase in DII (P < 0.01). Age, 
BMI, comorbidities (CHF, DM, cancer, stroke, CAD, and 
hypertension), smoking status, and alcohol intake were 
also associated with dyslipidemia. In multivariate logis-
tic regression analysis, after adjusting for sex, BMI, race, 
family income, education, comorbidities (hypertension, 
DM, CAD, CHF, stroke, and cancer), and smoking, and 
alcohol status (Fig. 2B), DII was still associated with dys-
lipidemia. The OR (95% CI) was 1.05 (1.02–1.08), indicat-
ing that the odds of having dyslipidemia increased by 5% 
for every one-unit increase in DII (P < 0.01).

Dose-response analysis of DII and dyslipidemia
Multiple regression analysis was conducted across the 
DII quartiles to further explore the dose-response rela-
tionship between dyslipidemia and DII (Table  2). After 
adjusting for smoking, alcohol and comorbidities (hyper-
tension, DM, CAD, CHF, stroke, and cancer), the OR and 
95% CI from Q1 to Q4 were 1.00 (reference), 1.12 (0.96–
1.31), 1.23 (1.04–1.44), and 1.33 (1.11–1.59), respectively 
(Pfor trend <0.01), indicating a persistent dose-response 
relationship between DII and dyslipidemia.

Subgroup analysis
Significant moderating effects were found in the 
subgroup analysis stratified by family income (Pfor 

interaction = 0.03). A stronger association was observed in 
participants with an annual family income <$20,000 than 
in those with annual family income >$20 000; ORs (95% 
CI) were 1.13 (1.07–1.20) and 1.04 (1.01–1.08), respec-
tively. However, DII was still associated with dyslipid-
emia in participants with a household income >$20,000 
(Pfor trend = 0.01). The association between DII and dys-
lipidemia was more significant in participants without 
comorbidities (CHF, DM, stroke, CAD, cancer) (Pfor trend 
<0.05). There was no significant interaction between the 
subgroups (Pfor interaction >0.05) (Table 3).

Survival analysis for DII with all-cause CVD-related 
mortality in participants with dyslipidemia
In the cohort of 12,981 participants with dyslipidemia, 
2,203 all-cause deaths were observed during the follow-
up period, of which 588 were related to CVDs. After 
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adjusting for age, sex, race, education, BMI, smoking, 
alcohol consumption, and comorbidities (CHF, DM, 
stroke, CAD, hypertension, and cancer) in Model 3, DII 
remained highly associated with all-cause CVD-related 
mortality in patients with dyslipidemia. The multivar-
iate-adjusted HRs (95% CI) for all-cause mortality from 
Q1 to Q4 were 1.00 (reference), 1.39 (1.20–1.62), 1.37 

(1.13–1.65), 1.50 (1.24–1.82), respectively (P < 0.01). For 
CVD-related mortality, HRs from Q1 to Q4 were 1.00 
(reference), 1.46 (1.00–2.13), 1.38 (0.94–2.01), 2.07 (1.38–
3.09), respectively (P < 0.01) (Table 4).

Table 1  Baseline characteristics of participants (n = 17,820) by dyslipidemia status
Variable Total Non- Dyslipidemia Dyslipidemia P value

n = 17,820a n = 4839 a n = 12,981a

Age 47.49 ± 0.26 40.21 ± 0.36 50.13 ± 0.28 < 0.01
Sex (%) 0.09
  Female 8880(49.83) 2314(49.00) 6566(51.37)
  Male 8940(50.17) 2525(51.00) 6415(48.63)
Race (%) < 0.01
  Mexican American 3081(17.29) 757 (7.27) 2324(7.04)
  Non-Hispanic Black 3459(19.41) 1180(13.18) 2279(8.81)
  Non-Hispanic White 8463(47.49) 2103(68.74) 6360(74.08)
  Other Hispanic 1420(7.97) 348(4.86) 1072(5.07)
  Other Race 1397(7.84) 451(5.95) 946(4.99)
Annual family income (%) 0.35
  <$20,000 4501(25.26) 1206(19.36) 3295(20.24)
  ≥$20,000 13,319(74.74) 3633(80.64) 9686(79.76)
Education (%) < 0.01
  < High school 1955(10.97) 396(4.69) 1559(6.06)
  > High school 9178(51.5) 2751(62.32) 6427(56.54)
  High school 6687(37.53) 1692(32.99) 4995(37.40)
TG (mmol/L) 1.40 ± 0.01 0.88 ± 0.01 1.59 ± 0.01 < 0.01
TC (mmol/L) 5.07 ± 0.01 4.38 ± 0.01 5.33 ± 0.01 < 0.01
HDL cholesterol (mmol/L) 1.38 ± 0.01 1.53 ± 0.01 1.32 ± 0.01 < 0.01
LDL cholesterol (mmol/L) 3.06 ± 0.01 2.45 ± 0.01 3.28 ± 0.01 < 0.01
CRP (mg/dl) 0.41 ± 0.01 0.31 ± 0.01 0.44 ± 0.02 < 0.01
BMI (kg/m2) 28.38 ± 0.09 26.24 ± 0.12 29.15 ± 0.11 < 0.01
SBP (mmHg) 121.96 ± 0.23 117.51 ± 0.35 123.57 ± 0.27 < 0.01
DBP (mmHg) 71.08 ± 0.19 69.42 ± 0.26 71.68 ± 0.22 < 0.01
Hypertension (%) 7568(42.47) 1332(22.77) 6236(42.86) < 0.01
DM (%) 5975(33.53) 947(13.88) 5028(29.18) < 0.01
CAD (%) 735(4.12) 63(1.07) 672(4.50) < 0.01
CHF (%) 528(2.96) 60(0.74) 468(2.88) < 0.01
Stroke (%) 640(3.59) 83(1.56) 557(3.06) < 0.01
Cancer (%) 1646(9.24) 296(6.10) 1350(10.55) < 0.01
Smoke (%) < 0.01
  Former 4579(25.7) 1010(22.88) 3569(27.53)
  Never 9507(53.35) 2792(54.54) 6715(50.63)
  Now 3734(20.95) 1037(22.58) 2697(21.84)
Alcohol (%) < 0.01
  Former 3104(17.42) 606(11.85) 2498(16.23)
  Heavy 3531(19.81) 1141(23.99) 2390(18.53)
  Mild 6131(34.41) 1598(34.25) 4533(38.31)
  Moderate 2673(15) 860(19.85) 1813(15.75)
  Never 2381(13.36) 634(10.06) 1747(11.17)
DII 1.37 ± 0.03 1.23 ± 0.04 1.42 ± 0.03 < 0.01
Note: Mean ± SE for continuous variables; P value was calculated by weighted t test, Number (%) for categorical variables: The P value was calculated by weighted 
chi-square test. aUnweighted number of observations in dataset



Page 7 of 13Chen et al. Lipids in Health and Disease          (2023) 22:149 

Discussion
This study represented an initial analysis of the asso-
ciation between DII and dyslipidemia based on the 
NHANES database. These findings indicate that a pro-
inflammatory diet is associated with dyslipidemia and 
that a dose-response relationship exists between DII and 
dyslipidemia. Additionally, survival analysis suggested 
that dyslipidemia with a higher DII score was positively 
associated with a high risk of all-cause CVD-related 
mortality.

Comparison with other studies
DII has been used to evaluate the inflammatory propen-
sity for individual dietary intake. This was first proposed 
by Hébert et al. (2009) [35]. Tyrovolas et al. reported the 
relationship between DII and CVD risk factors (assessed 
as obesity, DM, hypertension, and hypercholesterolemia) 
and suggested that the CVD risk factors among partici-
pants on a proinflammatory diet were 1.37–1.50 times 
higher compared to those on an anti-inflammatory diet 
[36]. In another clinical study, DII was found to increase 
waist circumference and TG levels in overweight and 
obese women [37]. However, most of these studies were 

Table 2  Odds ratios (95% confidence intervals) of dyslipidemia across quartiles of DII regression
Model1 Model2 Model3

Character OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value
Q1(-4.67,0.26] ref ref ref ref ref ref
Q2(0.26,1.76] 1.19(1.02,1.38) 0.02 1.14(0.98,1.33) 0.09 1.12(0.96,1.31) 0.13
Q3(1.76,2.96] 1.32(1.13,1.54) < 0.01 1.25(1.07,1.46) 0.01 1.23(1.04,1.44) 0.01
Q4(2.96,5.50] 1.52(1.31,1.76) < 0.01 1.39(1.17,1.64) < 0.01 1.33(1.11,1.59) < 0.01
Pfor trend < 0.01 < 0.01 < 0.01
Note: ref: reference; Model 1 adjusted for age and sex; Model 2 adjusted for age, sex, race, education and BMI; Model 3 adjusted for age, sex, race, education, BMI, 
smoking, alcohol and comorbidities (hypertension, DM, CAD, CHF, stroke, and cancer)

Fig. 2  Logistic regression of factors associated with dyslipidemia
Note: DII was associated with dyslipidemia in both weighted univariable logistic regression (A) and weighted multivariable logistic regression (B). The 
P value was calculated by weighted univariable logistic regression and multivariable logistic regression. Covariable including age, BMI, sex, race, family 
income, education, hypertension, DM, CAD, CHF, stroke, and cancer, smoking and alcohol intake
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Table 3  Subgroup analysis of association between DII and dyslipidemia among US in NHANES 1999–2019
Subgroups OR(95% CI) Pfor trend Pfor interaction

Age 0.19
  > 60 1.10(1.04,1.18) 0.002
  40–60 1.03(0.98,1.09) 0.248
  20–39 1.09(1.04,1.14) < 0.01
Sex 0.12
  Male 1.03(0.99,1.07) 0.10
  Female 1.08(1.04,1.13) < 0.01
Race 0.73
  Non-Hispanic White 1.07(1.03,1.10) < 0.01
  Non-Hispanic Black 1.09(1.02,1.17) 0.01
  Other Hispanic 1.10(0.97,1.24) 0.12
  Mexican American 1.06(1.00,1.13) 0.06
  Other Race 1.01(0.92,1.12) 0.77
Family income 0.03
  ≥$20,000 1.04(1.01,1.08) 0.01
  <$20,000 1.13(1.07,1.20) < 0.01
Education 0.34
  > High school 1.04(1.00,1.07) 0.04
  High school 1.08(1.02,1.14) < 0.01
  < High school 1.04(0.95,1.15) 0.39
BMI 0.34
  20–25 1.06(1.01,1.11) 0.02
  25–30 1.04(0.98,1.11) 0.14
  > 30 0.99(0.94,1.05) 0.79
  <=20 1.09(0.97,1.23) 0.13
CHF 0.63
  No 1.06(1.03,1.09) < 0.01
  Yes 1.11(0.91,1.35) 0.30
DM 0.96
  No 1.05(1.02,1.08) < 0.01
  Yes 1.05(0.99,1.12) 0.12
Stroke 0.60
  No 1.06(1.03,1.09) < 0.01
  Yes 1.01(0.84,1.21) 0.93
CAD 0.71
  No 1.06(1.03,1.09) < 0.01
  Yes 1.03(0.85,1.24) 0.79
Hypertension 0.92
  No 1.05(1.02,1.09) < 0.01
  Yes 1.05(1.00,1.10) 0.04
Cancer 0.84
  No 1.06(1.03,1.09) < 0.01
  Yes 1.05(0.95,1.16) 0.31
Smoke 0.24
  Never 1.05(1.01,1.09) 0.02
  Former 1.07(1.02,1.13) 0.01
  Now 1.11(1.05,1.17) < 0.01
Alcohol 0.13
  Mild 1.05(1.00,1.10) 0.06
  Moderate 1.11(1.05,1.18) < 0.01
  Former 1.10(1.03,1.18) 0.01
  Heavy 1.01(0.95,1.07) 0.79
  Never 1.10(1.02,1.19) 0.02
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clinical studies and were limited by their small sample 
sizes and short follow-up periods. Hence, we investigated 
the association between DII and dyslipidemia based on 
NHANES data. Our results suggested a strong relation-
ship between a proinflammatory diet and dyslipidemia. 
Subgroup analyses suggested that DII was more strongly 
associated with dyslipidemia in households with annual 
incomes <$20 000. A proinflammatory diet was also 
strongly associated with all-cause and cardiovascular 
mortality in participants with dyslipidemia.

Possible mechanisms between Dietary Inflammatory and 
Dyslipidemia
Our study found that DII for fiber, MUFA, PUFA, vitamin 
A/E, vitamin B (including B6, thiamin, riboflavin, niacin, 
and folic acid), magnesium, and zinc in participants with 
dyslipidemia were significantly higher than those in par-
ticipants without dyslipidemia. Possible mechanisms are 
as follows.

Fiber: Previous research has demonstrated that a 
higher fiber content can potentially mediate the ben-
eficial effects of risk markers associated with CVDs 
[38]. These effects are attributed to various mechanisms 
such as enhanced insulin sensitivity, decreased oxidative 
stress, and cytokine production [39]. Additionally, it has 
been found that fiber exerts anti-inflammatory properties 
[40].

MUFA and PUFA: Studies have found that MUFA can 
mitigate inflammation by modulating the production of 
inflammatory mediators and regulating neutrophil infil-
tration [41]. Potential underlying mechanisms include 
the reduction of endoplasmic reticulum stress [42], 
enhancement of vascular endothelial inflammation, and 
systemic inflammatory responses [43].

Vitamins A and E: Fat-soluble vitamins possess antioxi-
dant properties [44] and can interact with lipoproteins. 

Their action is linked to the production of chylomicrons 
in the gut, which subsequently affect lipid absorption and 
metabolism [45, 46].

Folic acid and Vitamin B6 are essential nutrients for 
nucleic acid synthesis and methyl generation [47]. Vita-
min B6, in particular, has been found to reduce endog-
enous cholesterol and lipid synthesis, while enhancing 
cholesterol transport to liver cells [48].

Niacin: Niacin has been extensively studied for its 
ability to regulate fat metabolism. It can modulate the 
expression of lipoproteins [49, 50], diacylglycerol acyl-
transferase [51], and genes related to fat metabolism [52, 
53]. Niacin promotes endothelium-dependent vasodila-
tion and reduces vascular inflammation [54].

Thiamin: Thiamin, in its bioactive form (thiamine pyro-
phosphate), plays a crucial role in maintaining the bal-
ance of oxidative metabolism in the body. It regulates 
glucose and lipid metabolism by influencing lipid peroxi-
dation product levels and glutathione reductase activity 
[55].

Riboflavin: Riboflavin affects the activity of lipid-
metabolizing enzymes, such as 3-hydroxy-3-methyl glu-
taryl coenzyme A reductase and lecithin-cholesterol 
acyltransferase, thereby regulating blood lipid levels 
[56, 57]. Additionally, studies have shown a negative 
association between riboflavin and the intestinal flora, 
suggesting a potential mechanism for regulating lipid 
metabolism [58].

Magnesium: Increasing magnesium intake improves 
chronic metabolic disorders and cardiovascular diseases 
by reducing low-grade inflammation [59]. This effect 
is believed to be mediated by the regulation of reactive 
oxygen species activity [60]. Furthermore, magnesium 
can regulate enzymes involved in liver lipid metabolism, 
thereby reducing blood lipid levels [60, 61].

Table 4  All-cause mortality and CVD mortality in dyslipidemia participants
Model1 Model2 Model3 Deaths/Total

All-cause mortality in dyslipidemia across quartiles of DII 2203/12,981

Character HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
q1 [-4.63,0.35] ref ref ref ref ref ref 431/3248
q2 (0.35,1.82] 1.52(1.30,1.76) < 0.01 1.48(1.26,1.73) < 0.01 1.39(1.20,1.62) < 0.01 572/3243
q3 (1.82,2.99] 1.64(1.35,1.99) < 0.01 1.54(1.27,1.88) < 0.01 1.37(1.13,1.65) < 0.01 607/3245
q4 [2.99,5.47] 1.93(1.57,2.37) < 0.01 1.81(1.49,2.20) < 0.01 1.50(1.24,1.82) < 0.01 593/3345
P for trend < 0.01 < 0.01 < 0.01
CVD mortality in dyslipidemia across quartiles of DII 558/12,981
q1 [-4.63,0.35] ref ref ref ref ref ref 113/3248
q2 (0.35,1.82] 1.60(1.08,2.35) 0.02 1.53(1.05,2.23) 0.03 1.46(1.00,2.13) 0.05 147/3243
q3 (1.82,2.99] 1.72(1.19,2.48) < 0.01 1.57(1.10,2.25) 0.01 1.38(0.94,2.01) 0.10 161/3245
q4 [2.99,5.47] 2.72(1.83,4.05) < 0.01 2.52(1.71,3.73) < 0.01 2.07(1.38,3.09) < 0.01 167/3345
Pfor trend < 0.01 < 0.01 < 0.01
Note: ref: reference; Model 1 adjusted for age and sex; Model 2 adjusted for age, sex, race, education and BMI; Model 3 adjusted for age, sex, race, education, BMI, 
smoking, alcohol and comorbidities (hypertension, DM, CAD, CHF, stroke, and cancer)
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Implication for the clinical practice
Changes in the distribution of large amounts of nutri-
ents (such as fats), low-carbohydrate diets, and caloric 
restriction appear to be effective strategies for amelio-
rating inflammation and reducing serum lipid levels 
[62]. Interestingly, further analysis of nutrient composi-
tion revealed that participants with dyslipidemia scored 
lower on energy, protein, carbohydrate, total fat, satu-
rated fat, and selenium levels than those without it. It is 
presumed that individuals with dyslipidemia have already 
begun to undergo dietary changes after the diagnosis. 
Another NHANES study reported that participants with 
chronic diseases such as dyslipidemia, DM, or hyper-
tension paid more attention to the nutritional labels of 
foods. These individuals occasionally exhibit inappro-
priate dietary patterns [63]. However, participants with 
dyslipidemia still had higher overall DII scores than those 
without it. Diet should be considered as a whole, and par-
ticipants should be more concerned about diet patterns 
than restricting or supplementing the intake of a single 
nutrient [64]. Research has shown that a single dietary 
supplement tends toward negative results in reducing 
mortality from CVDs and other causes [65]. Participants 
with CVDs are more likely to benefit from a healthy 
dietary pattern than from a single dietary supplement. 
Another efficient strategy is to implement nutritional 
content ratings on food packaging beyond the mere list-
ing of calories and ingredients to comprehensively evalu-
ate nutrition and mitigate the risk of CVDs [66].

The subgroup analysis results showed a stronger asso-
ciation between DII and dyslipidemia in participants with 
an annual family income <$20,000. It is consistent with 
the global trend of dyslipidemia prevalence shifting from 
high-income to low-income countries [67, 68]. Subgroup 
analysis also showed a stronger association between 
DII and dyslipidemia in participants without comor-
bidities (CHF, DM, stroke, CAD, cancer) compared to 
those with them. Similarly, different BMI categories did 
not affect the association between DII and dyslipidemia 
(Pfor interaction = 0.34), but for participants with a BMI of 
25–30 kg/m2, an increase in DII was associated with an 
increase in dyslipidemia (Pfor trend = 0.02). Possible causes 
are associated with the comorbid dyslipidemia that par-
ticipants with aforementioned chronic diseases or over-
weight individuals (BMI > 25  kg/m2) might have already 
had, thus weakening the association between DII and 
dyslipidemia. These results suggested that special atten-
tion should be given to the intake of anti-inflammatory 
diet, for individuals with fewer comorbidities, a BMI of 
20–25  kg/m2, and an annual family income <$20,000, 
as their dietary intake had a stronger association with 
dyslipidemia.

Limitations
There were unavoidable limitations; therefore, the con-
clusions of this study should be interpreted with caution. 
First, as this was a cross-sectional study, a causal expla-
nation for the relationship between DII and dyslipidemia 
cannot be provided. Second, data from the NHANES 
database were subject to memory bias and random 
errors. This study did not include individuals below the 
age of 20 years or those without serum sample, which 
may have resulted in data bias. Furthermore, as a result 
of the database’s design, some individual information 
among the participants could not be extracted, poten-
tially introducing bias, such as energy intake restriction 
and inflammatory-related diseases. Recently, studies 
have reported the Energy-adjusted Dietary Inflamma-
tory Index (E-DII) [69, 70] that aims to mitigate the bias 
resulting from differences in energy intake. In future 
research, we plan to incorporate E-DII and further vali-
date its effectiveness in addressing this source of bias.

Conclusions
The findings of our study indicates a close association 
between DII and dyslipidemia, as evidenced by higher 
scores on certain proinflammatory diets among partici-
pants with dyslipidemia compared to those without it. 
Moreover, our study indicates that a pro-inflammatory 
diet may play a role in unfavorable consequences and is 
linked to both all-cause mortality and cardiovascular 
death in patients with dyslipidemia.
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