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Abstract
Background Previous studies have demonstrated that trans fatty acids (TFAs) intake was linked to an increased 
risk of chronic diseases. As a novel systemic inflammatory biomarker, the clinical value and efficacy of the systemic 
immune-inflammation index (SII) have been widely explored. However, the association between TFAs and SII is still 
unclear. Therefore, the study aims to investigate the connection between TFAs and SII in US adults.

Methods The study retrieved data from the National Health and Nutrition Examination Survey (NHANES) for the years 
1999–2000 and 2009–2010. Following the exclusion of ineligible participants, the study encompassed a total of 3047 
individuals. The research employed a multivariate linear regression model to investigate the connection between 
circulating TFAs and SII. Furthermore, the restricted cubic spline (RCS) model was utilized to evaluate the potential 
nonlinear association. Subgroup analysis was also conducted to investigate the latent interactive factors.

Results In this investigation, participants exhibited a mean age of 47.40 years, with 53.91% of them being female. 
Utilizing a multivariate linear regression model, the independent positive associations between the log2-transformed 
palmitelaidic acid, the log2 transformed-vaccenic acid, the log2-transformed elaidic acid, the log2-transformed 
linolelaidic acid, and the log2-transformed-total sum of TFAs with the SII (all P < 0.05) were noted. In the RCS analysis, 
no nonlinear relationship was observed between the log2-transformed palmitelaidic acid, the log2 transformed-
vaccenic acid, the log2-transformed elaidic acid, the log2-transformed linolelaidic acid, the log2-transformed-total 
sum of TFAs and the SII (all P for nonlinear > 0.05). For the stratified analysis, the relationship between the circulating 
TFAs and the SII differed by the obesity status and the smoking status.

Conclusions A positive association was investigated between three types of TFA, the sum of TFAs, and the SII in 
the US population. Additional rigorously designed studies are needed to verify the results and explore the potential 
mechanism.
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survey, Trans fatty acids
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Introduction
Trans fatty acids (TFAs) are a specific type of unsaturated 
acids that are naturally occurring and artificially pro-
duced. In the U.S., dietary TFAs account for 2–3% of the 
energy intake, primarily from processed foods, including 
baked products and packaged snacks [1]. However, TFAs 
are not essential to the human body and are detrimen-
tal to health. Earlier investigations have established that 
the intake of TFAs is associated with an increase in lipid 
levels [2, 3], which may lead to an increased prevalence 
of cardiovascular diseases [4]. Moreover, studies based 
on in vivo and in vitro models found that the TFAs could 
not only modulate the microbiome in the mice but also 
induce inflammation and oxidative stress [5, 6], which are 
associated with the risk of some common chronic dis-
eases [7].

It has been proposed that inflammation is a major fac-
tor in the development of diseases. To better evaluate the 
systematic inflammation of patients in clinical practice, 
a novel blood inflammation biomarker called the sys-
tematic immune-inflammation index (SII) has been pro-
posed, which could be calculated based on three types of 
blood cells (lymphocytes, neutrophils, and platelets) [8]. 
As an easily accessible indicator, plenty of studies have 
investigated and confirmed its prognostic value in dia-
betes, lung cancer, and the general population [9–11]. A 
study based on 6003 Chinese adults discovered that the 
SII was significantly associated with hypertension over 
a long-term period [12]. In addition, recent studies have 
found that elevated SII may increase the risk of diabetic 
retinopathy and cognitive impairment, as well as the 
severity of carotid artery stenosis [13–15].

Some studies have reported that a few dietary factors, 
including dietary fiber, vitamin D and selenium, may 
influence systemic inflammation in humans [16–18]. 
However, information on the association between TFAs 
and systemic inflammation is limited. Given the wide-
spread use of TFAs and the excellent efficacy of SII, 
exploring the relationship between circulating TFAs and 
SII may provide some novel insights into the adverse 
effects of TFAs on inflammation. Hence, National Health 
and Nutrition Examination Survey (NHANES) data col-
lected during the years 1999–2000 and 2009–2010 were 
used in the study to explore the connections between 
plasma TFAs and SII among U.S. adults.

Methods
Study population
NHANES is a large database that could be freely accessed 
by researchers around the globe. The Centers for Disease 
Control and Prevention (CDC) conducted the NHANES 
project on a two-year cycle to evaluate the nutritional 
and medical status of non-institutionalized individuals 
living in the U.S. Approximately 5000 civilians living in 

the communities were selected by authorities across each 
cycle. The complex sampling and multi-stage methodol-
ogy was utilized in the sample survey to generate nation-
ally representative data.

The research selected participants’ data from two sur-
vey cycles of the database (1999–2000 and 2009–2010), 
for which the level of circulating TFAs was available. In 
this study, a total of 20,502 participants aged ≥ 20 years 
were first extracted. Then, we excluded 13,642 samples 
with missing data on TFAs in the second step and 29 
samples with missing data on SII in the third step. Fur-
thermore, 3784 participants with missing data on the 
covariates were also regarded as ineligible. Finally, 3047 
eligible U.S. adults from the NHANES were included 
to conduct a cross-sectional study. The flowchart of the 
inclusion and exclusion criteria is shown in Fig.  1. The 
protocol was approved by the Ethical Review Committee 
of the National Health Council, and each individual gave 
written informed consent.

Measurement of circulating TFA
Previous studies have reported detailed methods and 
approaches to evaluate the level of plasma TFA [19, 20]. 
In brief, participants’ blood samples were obtained in 
the morning after a fasting period following the protocol 
outlined by the CDC. Subsequently, TFA isomers were 
identified by their chromatographic retention times and 
specific mass-to-charge ratios. Quantification of metab-
olites was conducted using established standard solu-
tions, incorporating stable isotope-labeled fatty acids as 
internal standards. The total amount of TFAs was deter-
mined as follows: Sum TFAs = vaccenic acid + linoelaidic 
acid + palmitelaidic acid + elaidic acid.

Identification of SII
The study derived the SII by multiplying the number of 
neutrophils by the number of platelets, followed by divid-
ing by the number of lymphocytes. The level of the com-
plete blood cell count is expressed as ×103 cells/µl and 
was assessed by blood analysis equipment, which is con-
ducted by professional laboratory staff.

Covariates
Considering the clinical facts, the potential confounding 
factors were included in the study. Demographic factors, 
including age, gender, race, education, poverty income 
ratio (PIR), and marital status, were evaluated through 
a questionnaire conducted at the mobile examination 
center. Race was categorized into five groups: Mexican 
American, non-Hispanic Black, non-Hispanic White, 
other Hispanic, and other races. Marital status was cat-
egorized as married/living with a partner, widowed/
divorced/separated, or never married. Smoking status 
was defined based on lifetime cigarette consumption, 
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with categories for never smoked, ever smoked, and cur-
rent smoker. Alcohol consumption was determined by 
the mean alcohol intake over a two-day diet obtained 
through dietary recall. Education level was stratified into 
three groups: less than high school, high school graduate, 
and more than high school. Trained medical personnel 
measured and calculated participants’ body mass index 
(BMI) during interviews. Information on cardiovascular 
disease (CVD), hypertension, cancer, and diabetes mel-
litus (DM) was collected through questionnaires. Spe-
cifically speaking, participants were considered CVD 
patients, based on the previous studies [21–23]. The 
direct immunoassay-related equipment was utilized for 
examining the level of the lipids in individuals. Serum 
uric acid levels were measured using the colorimetric 
method in laboratory tests, and the estimated glomeru-
lar filtration rate (eGFR) was calculated following estab-
lished research protocols [24].

Statistical analysis
Based on the CDC guideline, all analyses involved in the 
study took clustering, multi-stage, and sample weights 

into consideration. Given the skewed distribution of 
TFAs, a log2 transformation was applied for the regres-
sion analysis. The baseline characteristics of participants 
were stratified by the tertiles of sum TFAs. Continu-
ous variables were presented as mean ± standard error 
using weighted linear regression models, while categori-
cal variables were expressed as percentages through the 
Rao-Scott chi-square test. Subsequently, the research 
employed the multivariate linear regression model to 
examine the relationship between TFAs and SII. The 
effect size (β) and 95% confidence intervals (CI) were 
calculated for statistical assessment. Model 1 was unad-
justed, while Model 2 accounted for age, gender, and 
race. Model 3 was adjusted for the all latent confound-
ers we included for the present investigation to verify 
the robustness of the results. Additionally, the restricted 
cubic spline (RCS) model was utilized to investigate 
potential non-linear associations involving four main 
types of TFAs, the sum TFAs, and SII. Furthermore, 
subgroup analysis and interactive P values were utilized 
to probe potential interaction effects among stratified 

Fig. 1 Flow chart of participant selection. Abbreviations: NHANES, National Health and Nutrition Examination Survey, SII, Systemic immune-inflammation 
index
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variables. All analyses were conducted using R software 
(version 4.2.1).

Results
Baseline characteristics of the study participants
Table  1 presents the weighted basic characteristics of 
3047 individuals. In the study population, the average 
age was 47.40 years, and 53.91% were female. Addition-
ally, the mean levels of the circulating palmitelaidic acid, 
vaccenic acid, elaidic acid and linolelaidic acid were 5.05 
µmol/L, 25.87 µmol/L, 20.99 µmol/L, and 2.07 µmol/L, 
respectively. After classifying by sum TFAs tertiles, indi-
viduals with higher circulating TFAs were more likely to 
be older, non-Hispanic White, have lower educational 
attainment, married/living with a partner, current smok-
ers, less alcohol consumption, lower eGFR, and higher 
SII. However, no statistically significant difference was 
shown in gender, PIR, uric acid, CVD, hypertension, DM, 
and cancer across the three groups. Interestingly, BMI 
was shown to be highest in the T2 group with an average 
of 29.24 kg/m2 and the population in the T2 group had 
the highest age with an average of 48.49 years.

Relationship between TFAs and SII
The multivariate linear regression model was per-
formed and detailed results were shown in Table  2. 
In the crude model (model 1), the four types of TFA 
and the sum of TFAs were significantly and positively 
related to SII. After adjusting for age, sex, and race 
(model 2), the relationship was weakened. After adjust-
ing for the covariates that were included in the study in 
Model 3, the connection between the log2-transformed 
palmitelaidic acid (β = 56.84, 95% CI = 30.93, 82.74, 
P < 0.001), the log2-transformed vaccenic acid (β = 32.28, 
95% CI = 14.99, 49.57, P = 0.002), the log2-transformed 
elaidic acid (β = 40.31, 95% CI = 23.09, 57.54, P < 0.001), 
the log2-transformed-linolelaidic acid (β = 27.04, 95% 
CI = 6.10, 47.97, P = 0.016), the log2-transformed sum 
TFAs (β = 40.33, 95% CI = 21.29, 59.38, P < 0.001) and SII 
remain robust. Compared to the T1 group, individu-
als in the T3 group of palmitelaidic acid (β = 75.19, 95% 
CI = 25.38, 125.00, P = 0.007), vaccenic acid (β = 62.02, 95% 
CI = 11.02, 113.02, P = 0.022), elaidic acid (β = 84.43, 95% 
CI = 34.80, 134.07, P = 0.003), and sum TFAs (β = 78.08, 
95% CI = 31.74, 124.41, P = 0.003) were significantly had 
higher SII. However, the population in the T3 group of 
the linolelaidic acid was not observed to have a higher SII 
(P > 0.05).

Furthermore, the study performed the RCS analysis 
for four main types of TFA and the sum of TFAs which 
was shown in Fig.  2. Judging from the results, no sig-
nificant nonlinear correlation was observed between 
four main types of TFAs, the sum TFAs and SII (all P for 
nonlinear > 0.05).

Subgroup analysis
The stratified analysis was utilized to explore the poten-
tial interactive factors in the relationship between TFAs 
and SII. The results were shown in Tables 3, 4, 5, 6 and 
7. For the circulating palmitelaidic acid, vaccenic acid, 
elaidic acid, and the sum TFAs, they were more pro-
nounced in never smokers (all P for interaction < 0.05). 
Additionally, the linolelaidic acid was more positively 
related to the SII in individuals with lower BMI, and a 
history of never having smoked (P for interaction < 0.05).

Discussion
To our knowledge, there is currently limited research 
investigating the association between TFAs and SII. 
Therefore, we employed various advanced statistical 
models to comprehensively evaluate the influence of 
TFAs on SII levels. These findings revealed a positive cor-
relation between palmitelaidic acid, vaccenic acid, elaidic 
acid, the total sum of TFAs, and SII in fully adjusted 
models. Notably, significant interactions were observed 
between smoking and certain TFAs.

SII is increasingly recognized as a potential biomarker 
for conditions such as gastrointestinal malignancies, 
prostate cancer, cardiovascular illnesses, and others 
[25–27]. In a cross-sectional study involving 730 healthy 
women from the Nurses’ Health Investigation I cohort, 
Lopez-Garcia et al. noted a positive correlation between 
TFAs intake and plasma concentrations of C-reactive 
protein (CRP), sE-selectin, sICAM-1, tumor necrosis 
factor-alpha receptors 2, and sVCAM-1 [28]. These find-
ings were consistent with other interventional and obser-
vational studies that suggest consumption of TFAs could 
elevate inflammatory markers in the blood such as CRP, 
interleukin-1β, chemokine ligand 2 and interleukin-6 
(IL-6) [27, 29, 30]. Further evidence from in vitro tests 
and animal models shows that TFAs can activate and 
accumulate macrophages, as well as activate NF-κB and 
enhance osteopontin production in the liver [31–34].

Another possible explanation for the correlation 
between TFAs and SII is the reduced proportion of gram-
negative sulfate-reducing bacteria after a meal high in 
TFAs according to Ge et al. [35]. The bacteria’s subse-
quent overproduction of hydrogen sulfide (H2S) may be a 
factor in inflammatory bowel disease and bowel illnesses 
linked to inflammation [36]. By reducing the disulfide 
bonds in the mucus network, H2S promotes the break-
down of the mucus barrier and increases the permeabil-
ity of the mucus layer [37]. When the mucus barrier is 
breached, germs and toxins can get in intimate contact 
with the colonic epithelium, which can lead to inflam-
mation [37]. Owing to these inflammatory variables, a 
conceivable biological process that results in greater SII 
is excessive consumption of TFAs with pro-inflammatory 
properties.
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Table 1 Demographics and characteristics of participants from NHANES 1999–2000 and 2009-2010
Variable Sum TFAS (µmol/L)

Overall T1 T2 T3 P value
Age (years) 47.40 ± 0.53 45.90 ± 0.81 48.49 ± 0.65 48.29 ± 0.99 0.022
Gender (%) 0.764
Male 46.09 46.69 46.39 44.79
Female 53.91 53.31 53.61 55.21
Race (%) <0.001
Mexican American 8.16 7.59 9.60 7.21
Non-Hispanic Black 9.37 11.47 8.98 6.70
Non-Hispanic White 72.02 66.76 72.50 79.31
Other Hispanic 5.21 5.29 5.95 4.17
Other Race 5.24 8.89 2.97 2.61
Education Level (%) <0.001
Less Than High School 18.07 14.28 18.69 22.99
High School Graduate 23.55 18.46 24.91 29.48
More Than High School 58.38 67.26 56.40 47.53
Marital Status (%) <0.001
Married/Living with a partner 66.41 64.51 66.27 69.42
Widowed/Divorced/Separated 17.80 15.23 20.89 17.81
Never Married 15.79 20.27 12.84 12.76
Smoking Status (%) 0.043
Never 54.42 58.40 54.84 47.91
Former 26.86 26.16 26.48 28.40
Current 18.72 15.44 18.68 23.69
Alcohol consumption (g/d) 7.74 ± 0.49 10.78 ± 0.75 7.40 ± 0.90 3.58 ± 0.34 <0.001
PIR 3.01 ± 0.05 3.12 ± 0.05 2.99 ± 0.07 2.89 ± 0.11 0.092
BMI (kg/m2) 28.56 ± 0.19 27.98 ± 0.31 29.24 ± 0.26 28.58 ±0.31 0.023
Uric acid (mg/dl) 0.43 ± 0.04 5.35 ± 0.06 5.52 ± 0.07 5.44 ± 0.05 0.075
eGFR (ml/min/1.73 m2) 94.27 ± 0.65 97.31 ± 0.99 92.61 ± 0.83 91.77 ± 1.04 <0.001
HDL (mg/dl) 53.70 ± 0.49 57.49 ± 0.57 53.39 ± 0.60 48.37 ± 0.59 <0.001
LDL (mg/dl) 119.24 ± 1.18 109.68 ± 1.85 121.99 ± 1.88 130.14 ± 1.43 <0.001
CVD (%) 0.174
Yes 8.41 7.34 8.93 9.35
No 91.59 92.66 91.07 90.65
Hypertension (%) 0.325
Yes 29.58 27.49 31.52 30.30
No 70.42 72.51 68.48 69.70
DM (%) 0.431
Yes 7.15 7.12 8.10 6.02
No 92.85 92.88 91.90 93.98
Cancer (%) 0.061
Yes 9.90 8.27 11.37 10.52
No 90.10 91.73 88.63 89.48
Palmitelaidic acid (µmol/L) 5.05 ± 0.11 3.11 ± 0.04 4.94 ± 0.05 8.12 ± 0.15 <0.001
Vaccenic acid (µmol/L) 25.87 ± 0.72 13.49 ± 0.14 24.03 ± 0.16 46.74 ± 1.02 <0.001
Elaidic acid (µmol/L) 20.99 ± 0.72 9.82 ± 0.15 18.73 ± 0.14 40.55 ± 1.16 <0.001
Linolelaidic acid (µmol/L) 2.07 ± 0.06 1.30 ± 0.02 1.97 ± 0.04 3.35 ± 0.10 <0.001
SII 539.57 ± 7.48 504.15 ± 10.48 533.91 ± 13.62 599.82 ± 16.27 <0.001
Mean ± SD for continuous variables: the P value was calculated by the weighted linear regression model

(%) for categorical variables: the P value was calculated by the weighted chi-square test

Abbreviations: TFAs, trans fatty acids, BMI, Body mass index, PIR, Poverty income ratio, eGFR, Estimated glomerular filtration rate, CVD, Cardiovascular disease, DM, 
Diabetes mellitus, SII, Systemic immune-inflammation index, HDL, high-density lipoprotein, LDL, low-density lipoprotein
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The subgroup analysis and interaction tests conducted 
in this study revealed a noteworthy positive correlation 
between total TFAs and SII within subgroups categorized 
by smoking status, while the similar connection between 
the Linolelaidic acid and SII within subgroups catego-
rized by BMI and smoking status. According to these 
findings, there was a higher positive association between 
SII scores and TFAs among nonsmokers. Previous stud-
ies have demonstrated that inflammation is frequently 
involved in the pathogenesis of illnesses associated with 
cigarette smoking [38]. The subgroup analysis’s find-
ings further imply that the association between SII and 
TFAs varies according to BMI. Patients with a BMI under 
30  kg/m² showed a greater correlation between TFAs 

and SII. Previous studies have connected TFA intake to 
higher BMI levels [39]. Studies suggest that BMI, a risk 
factor for various cancers, is associated with an elevation 
in SII [40]. Collectively, these results imply that those 
with high amounts of circulating TFAs should be closely 
detected for elevated SII, especially those without harm-
ful lifestyle choices, which was consistent with previous 
findings [41, 42]. Nevertheless, additional investigations 
are necessary to clarify the specific mechanisms involved.

Strengths and limitations
The research offers some fresh perspectives in this area. 
First, the study assessed the connection between TFAs 
and SII in U.S. adults for the first time. In addition, 

Table 2 The associations of circulating trans fatty acids with SII
Exposure Model 1

β (95%Cl) P value
Model 2
β (95%Cl) P value

Model 3
β (95%Cl) P value

Palmitelaidic acid (µmol/L) 63.10 (42.04, 84.17) <0.001 59.24 (39.26, 79.22) <0.001 56.84 (30.93, 82.74) <0.001
Palmitelaidic acid tertile
T1 Reference Reference Reference
T2 4.29 (-29.66, 38.24) 0.797 0.07 (-34.90, 35.04) 0.997 -6.37 (-44.24, 31.50) 0.718
T3 94.84 (53.70,135.98) <0.001 87.69 (48.14, 127.24) <0.001 75.19 (25.38, 125.00) 0.007
P for trend <0.001 <0.001 0.007
Vaccenic acid (µmol/L) 39.29 (23.48, 55.10)

<0.001
39.05 (24.13, 53.96)
<0.001

32.28 (14.99, 49.57)
0.002

Vaccenic acid tertile
T1 Reference Reference Reference
T2 7.48 (-20.77, 35.73)

0.592
5.53 (-22.76, 33.82) 0.691 -0.41 (-31.04, 30.22) 0.977

T3 75.13 (28.43, 121.83)
0.003

74.23 (30.37, 118.08) 0.002 62.02 (11.02, 113.02) 0.022

P for trend 0.003 0.002 0.023
Elaidic acid (µmol/L) 51.70 (35.01, 68.39) <0.001 49.16 (33.56, 64.76) <0.001 40.31 (23.09, 57.54) <0.001
Elaidic acid tertile
T1 Reference Reference Reference
T2 47.29 (8.96, 85.62) 0.017 43.61 (4.58, 82.63) 0.030 31.52 (-0.53, 63.57) 0.053
T3 109.64 (64.96, 154.32) <0.001 103.4 (60.40, 146.39) <0.001 84.43 (34.80, 134.07) 0.003
P for trend <0.001 <0.001 0.003
Linolelaidic acid (µmol/L) 41.72 (22.03, 61.41) <0.001 39.00 (20.97, 57.02) <0.001 27.04 (6.10, 47.97) 0.016
Linolelaidic acid tertile
T1 Reference Reference Reference
T2 30.58 (-24.12, 85.27) 0.262 28.59 (-24.55, 81.72) 0.278 17.48(-38.55, 73.51) 0.506
T3 55.74 (19.45, 92.03) 0.004 51.27 (17.02, 85.53) 0.005 30.44( -5.19, 66.07) 0.087
P for trend 0.005 0.006 0.094
Sum TFAs (µmol/L) 50.25 (32.68, 67.82) <0.001 48.37 (32.00, 64.75) <0.001 40.33 (21.29, 59.38) <0.001
Sum TFAs tertile
T1 Reference Reference Reference
T2 29.00 (-9.26, 67.25) 0.132 26.26 (-11.46, 63.98) 0.164 16.91 (-16.89, 50.71) 0.294
T3 95.34 (53.12, 137.55) <0.001 92.00 (52.17, 131.83) <0.001 78.08 (31.74, 124.41) 0.003
P for trend <0.001 <0.001 0.003
Model 1: no covariates were adjusted

Mode 2: age, gender, and race were adjusted

Mode 3: age, gender, race, PIR, education level, BMI, marital, smoking status, CVD, alcohol consumption, uric acid, eGFR, HDL, LDL, hypertension, DM, and cancer

Abbreviations: SII, Systemic immune-inflammation index, PIR, Poverty income ratio, BMI, Body mass index, CVD, Cardiovascular disease, eGFR, Estimated glomerular 
filtration rate, HDL, high-density lipoprotein, LDL, low-density lipoprotein, DM, Diabetes mellitus, CI, Confidence interval
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subgroup analyses were carried out to guarantee consis-
tent results, and a wide range of potential confounding 
factors were taken into account in this study. Further-
more, after controlling for a wide range of potential con-
founders, the study discovered that the dose-response 
correlations of SII with all types of TFAs level and the 
sum TFAs were not nonlinear. However, some limitations 
of the investigation must be acknowledged. Initially, due 
to regulatory modifications in the past decade, the find-
ings derived from data collected between 1999 and 2000 
and 2009–2010 may not precisely depict the present sce-
nario of TFAs intake among adults in the US. Further-
more, the results could not suggest the habits of the diet 
and lifestyle and the level of circulating trans fatty acids in 
the current Americans. Nevertheless, these results could 
establish a foundational reference point for subsequent 
analyses, given that they are grounded in the most recent 
data accessible for the entire adult US population. Sec-
ond, even though the research employed the blood cell 
count-based comprehensive index as a biomarker of sys-
temic immune inflammation, more research is necessary 
to determine the relationship between TFAs exposure 
and other biomarkers including CRP and IL-6. Thirdly, 
given the cross-sectional study design employed, the 
investigation is unable to establish causation from these 
findings. Consequently, even though variables were taken 
into account, measurement errors and uncontrolled con-
founders might have had an impact on the results.

Conclusion
In this cross-sectional study, the circulating TFAs were 
investigated to be positively associated with SII, and a 
nonlinear relationship was found. Notably, these asso-
ciations could be more weakened or more pronounced 
in different subgroups. Briefly, the findings of the study 
emphasize the potential role of TFAs in systemic inflam-
mation severity and provide new insights into controlling 
systemic inflammation levels in the US general popula-
tion from a dietary health perspective. Nevertheless, 
additional research is essential to explore the cause-and-
effect relationship and to elucidate the specific underly-
ing mechanism.

Fig. 2 The restricted cubic splines analysis of the association between log2-Palmitelaidic acid (A), log2-Vaccenic acid (B), log2-Elaidic acid (C), log2-
Linolelaidic acid (D), log2-Sum TFAs (E) and SII. Abbreviations: TFAs, trans fatty acids, SII, Systemic immune-inflammation index
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Table 3 Association between palmitelaidic acid and SII in 
different subgroups
Palmitelaidic acid SII

β (95% CI) P value P for interaction
Age (years) 0.969
<60 54.77 (31.09, 78.45) <0.001
≥60 78.69 (-19.55, 176.93) 0.110
Gender 0.872
Male 45.35 (3.40, 87.30) 0.036
Female 62.86 (33.42, 92.31) <0.001
BMI (kg/m2) 0.188
<30 68.35 (28.48, 108.22) 0.002
≥30 34.75 (-5.49, 74.99) 0.087
Race 0.152
Mexican American 149.67 (41.09, 258.25) 0.011
Non-Hispanic Black 64.08 (12.46, 115.69) 0.019
Non-Hispanic White 37.38 (16.01, 58.74) 0.002
Other Hispanic 76.03 (-40.47, 192.53) 0.144
Other Race 5.94 (-151.33, 163.21) 0.886
Smoking Status 0.002
Never 90.07 (56.21, 123.93) <0.001
Former 55.98 (1.19, 110.77) 0.046
Current -23.23 (-92.33, 45.87) 0.491
CVD 0.239
No 56.05 (30.76, 81.35) <0.001
Yes 75.12 (-15.92, 166.16) 0.100
DM 0.807
No 59.52 (35.06, 83.98) <0.001
Yes 49.84 (-74.67, 174.34) 0.407
Hypertension 0.636
No 51.11 (27.06, 75.17) <0.001
Yes 78.07 (-4.57, 160.71) 0.063
Adjusted for age, gender, race, PIR, education level, BMI, marital, smoking 
status, CVD, alcohol consumption, uric acid, eGFR, HDL, LDL, hypertension, DM, 
and cancer, if not stratified

Abbreviations: SII, Systemic immune-inflammation index, PIR, Poverty income 
ratio, BMI, Body mass index, CVD, Cardiovascular disease, eGFR, Estimated 
glomerular filtration rate, HDL, high-density lipoprotein, LDL, low-density 
lipoprotein, DM, Diabetes mellitus, CI, Confidence interval

Table 4 Association between Vaccenic acid and SII in different 
subgroups
Vaccenic acid SII

β (95% CI) P value P for interaction
Age (years) 0.855
<60 28.75 (11.68, 45.82) 0.002
≥60 53.43 (-15.16, 122.02) 0.120
Gender 0.942
Male 26.20 (-1.90, 54.31) 0.066
Female 36.95 (14.58, 59.31) 0.003
BMI (kg/m2) 0.195
<30 39.50 (11.50, 67.50) 0.008
≥30 14.66 (-18.93, 48.24) 0.373
Race 0.284
Mexican American 98.96 (9.81, 188.11) 0.033
Non-Hispanic Black 42.53 (10.96, 74.10) 0.013
Non-Hispanic White 13.05 (-8.24, 34.33) 0.215
Other Hispanic 53.29 (-41.58, 148.17) 0.194
Other Race 0.74 (-97.27, 98.76) 0.977
Smoking Status <0.001
Never 59.52 (35.36, 83.67) <0.001
Former 14.50 (-20.02, 49.02) 0.390
Current -26.14 (-67.07, 14.78) 0.198
CVD 0.177
No 29.11 (11.84, 46.38) 0.002
Yes 45.02 (-15.56, 105.60) 0.135
DM 0.845
No 32.08 (14.49, 49.68) 0.001
Yes 14.62 (-66.62, 95.87) 0.707
Hypertension 0.879
No 29.88 (12.86, 46.89) 0.002
Yes 39.15 (-16.47, 94.77) 0.158
Adjusted for age, gender, race, PIR, education level, BMI, marital, smoking 
status, CVD, alcohol consumption, uric acid, eGFR, HDL, LDL, hypertension, DM, 
and cancer, if not stratified

Abbreviations: SII, Systemic immune-inflammation index, PIR, Poverty income 
ratio, BMI, Body mass index, CVD, Cardiovascular disease, eGFR, Estimated 
glomerular filtration rate, HDL, high-density lipoprotein, LDL, low-density 
lipoprotein, DM, Diabetes mellitus, CI, Confidence interval
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Table 5 Association between elaidic acid and SII in different 
subgroups
Elaidic acid SII

β (95% CI) P value P for interaction
Age (years) 0.633
<60 48.03 (30.26, 65.81) <0.001
≥60 49.59 (-7.80, 106.98) 0.087
Gender 0.457
Male 43.65 (18.14, 69.17) 0.002
Female 45.47 (24.23, 66.50) <0.001
BMI (kg/m2) 0.131
<30 52.45 (27.21, 77.69) <0.001
≥30 29.05 (1.14, 56.97) 0.042
Race 0.438
Mexican American 73.09 (32.69, 113.49) 0.002
Non-Hispanic Black 40.12 (-1.04, 81.27) 0.055
Non-Hispanic White 35.99 (16.00, 55.98) 0.001
Other Hispanic 77.12 (-9.66, 163.90) 0.069
Other Race 14.22 (-88.53, 116.97) 0.612
Smoking Status <0.001
Never 73.03 (51.54, 94.52) <0.001
Former 24.93 (-12.36, 62.22) 0.178
Current -10.77 (-51.50, 31.35) 0.618
CVD 0.405
No 45.51 (28.77,62.25) <0.001
Yes 48.07 (-16.41, 112.54) 0.134
DM 0.290
No 48.16 (30.67, 65.64) <0.001
Yes 1.39 (-71.82, 74.59) 0.968
Hypertension 0.932
No 46.52 (29.08, 63.96) <0.001
Yes 45.37 (0.10, 90.63) 0.050
Adjusted for age, gender, race, PIR, education level, BMI, marital, smoking 
status, CVD, alcohol consumption, uric acid, eGFR, HDL, LDL, hypertension, DM, 
and cancer, if not stratified

Abbreviations: SII, Systemic immune-inflammation index, PIR, Poverty income 
ratio, BMI, Body mass index, CVD, Cardiovascular disease, eGFR, Estimated 
glomerular filtration rate, HDL, high-density lipoprotein, LDL, low-density 
lipoprotein, DM, Diabetes mellitus, CI, Confidence interval

Table 6 Association between Linolelaidic acid and SII in 
different subgroups
Linolelaidic acid SII

β (95% CI) P value P for interaction
Age (years) 0.411
<60 40.73 (18.37, 63.09) 0.001
≥60 38.37 (-26.74, 103.48) 0.233
Gender 0.697
Male 33.59 (0.68, 66.50) 0.046
Female 39.21 (12.70, 65,73) 0.006
BMI (kg/m2) 0.010
<30 56.47 (27.86, 85.08) <0.001
≥30 -4.94 (-41.05, 31.18) 0.778
Race 0.126
Mexican American 53.51 (-28.07, 135.08) 0.177
Non-Hispanic Black 37.00 (-19.12, 93.12) 0.175
Non-Hispanic White 20.83 (-3.82, 45.49) 0.093
Other Hispanic 94.53 (-9.96, 199.02) 0.066
Other Race -19.29 (-139.01, 100.44) 0.560
Smoking Status 0.003
Never 70.76 (41.23, 100.30) <0.001
Former -1.14 (-44.33, 42.05) 0.957
Current -14.89 (-67.70, 37.93) 0.563
CVD 0.529
No 37.06 (16.59, 57.53) 0.001
Yes 25.01 (-44.59, 94.61) 0.459
DM 0.185
No 41.54 (18.95, 64.13) 0.001
Yes -48.56 (-128.62, 31.50) 0.216
Hypertension 0.403
No 41.83 (16.28, 67.39) 0.268
Yes 28.20 (-23.43, 79.82) 0.003
Adjusted for age, gender, race, PIR, education level, BMI, marital, smoking 
status, CVD, alcohol consumption, uric acid, eGFR, HDL, LDL, hypertension, DM, 
and cancer, if not stratified

Abbreviations: SII, Systemic immune-inflammation index, PIR, Poverty income 
ratio, BMI, Body mass index, CVD, Cardiovascular disease, eGFR, Estimated 
glomerular filtration rate, HDL, high-density lipoprotein, LDL, low-density 
lipoprotein, DM, Diabetes mellitus, CI, Confidence interval



Page 10 of 11Zhu et al. Lipids in Health and Disease          (2024) 23:122 

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12944-024-02109-w.

Supplementary Material 1

Acknowledgements
The authors appreciate the time and effort given by participants during the 
data collection phase of the NHANES project.

Author contributions
ZXF contributed to data collection, analysis, study design, and manuscript 
writing. HYQ, DZC, and LXJ contributed to the writing of the manuscript, and 
ZJ contributed to the project design and administration. All authors have 
granted their approval for the manuscript.

Funding
The study did not receive any funding.

Data availability
The study utilized data from the National Health and Nutrition Examination 
Survey (NHANES), which is publicly available in the NHANES repository, 
https://www.cdc.gov/nchs/nhanes.

Declarations

Ethical approval and consent to participate
The ethical review committee of the National Centre for Health Statistics 
approved all NHANES protocols and written informed consent was obtained 
from all participants. All the additional materials, including protocol numbers, 
are available at https://www.cdc.gov/nchs/nhanes/about_nhanes.htm. The 
authors confirmed that the whole procedure of the study was conducted 
under Protocol, which is available at https://www.cdc.gov/nchs/nhanes.htm.

Consent for publication
Not applicable.

Conflicts of interest
The authors declare no conflicts of interest.

Received: 22 January 2024 / Accepted: 15 April 2024

References
1. Micha R, Mozaffarian D. Trans fatty acids: effects on cardiometabolic health 

and implications for policy. Prostaglandins Leukot Essent Fatty Acids. 
2008;79:147–52.

2. Liska DJ, Cook CM, Wang DD, Gaine PC, Baer DJ. Trans fatty acids and choles-
terol levels: an evidence map of the available science. Food Chem Toxicol. 
2016;98:269–81.

3. Verneque BJF, Machado AM, de Abreu Silva L, Lopes ACS, Duarte CK. Rumi-
nant and industrial trans-fatty acids consumption and cardiometabolic risk 
markers: a systematic review. Crit Rev Food Sci Nutr. 2020;62:2050–60.

4. Mozaffarian D, Katan MB, Ascherio A, Stampfer MJ, Willett WC. Trans fatty 
acids and Cardiovascular Disease. N Engl J Med. 2006;354:1601–13.

5. Liu H, Nan B, Yang C, Li X, Yan H, Yuan Y. Elaidic acid induced NLRP3 inflamma-
some activation via ERS-MAPK signaling pathways in Kupffer cells. Biochim et 
Biophys Acta (BBA) - Mol Cell Biology Lipids 2022, 1867.

6. Mohammadi F, Green M, Tolsdorf E, Greffard K, Leclercq M, Bilodeau J-F, Droit 
A, Foster J, Bertrand N, Rudkowska I. Industrial and ruminant trans-fatty acids-
enriched diets differentially modulate the Microbiome and Fecal metabolites 
in C57BL/6 mice. Nutrients 2023, 15.

7. Islam MA, Amin MN, Siddiqui SA, Hossain MP, Sultana F, Kabir MR. Trans 
fatty acids and lipid profile: a serious risk factor to cardiovascular disease, 
cancer and diabetes. Diabetes Metabolic Syndrome: Clin Res Reviews. 
2019;13:1643–7.

8. Hu B, Yang X-R, Xu Y, Sun Y-F, Sun C, Guo W, Zhang X, Wang W-M, Qiu S-J, 
Zhou J, Fan J. Systemic Immune-inflammation index predicts prognosis of 
patients after curative resection for Hepatocellular Carcinoma. Clin Cancer 
Res. 2014;20:6212–22.

9. Sun W, Zhang P, Ye B, Situ M-Y, Wang W, Yu Y. Systemic immune-inflammation 
index predicts survival in patients with resected lung invasive mucinous 
adenocarcinoma. Translational Oncol 2024, 40.

10. Wang H, Nie H, Bu G, Tong X, Bai X. Systemic immune-inflammation index 
(SII) and the risk of all-cause, cardiovascular, and cardio-cerebrovascular 
mortality in the general population. Eur J Med Res 2023, 28.

11. Yang C, Yang Q, Xie Z, Peng X, Liu H, Xie C. Association of systemic immune-
inflammation-index with all-cause and cause-specific mortality among type 
2 diabetes: a cohort study base on population. Endocrine 2023.

12. Ma L-L, Xiao H-B, Zhang J, Liu Y-H, Hu L-K, Chen N, Chu X, Dong J, Yan 
Y-X. Association between systemic immune inflammatory/inflammatory 
response index and hypertension: a cohort study of functional community. 
Nutr Metabolism Cardiovasc Dis 2023.

13. Kelesoglu S, Yilmaz Y, Elcik D, Bireciklioglu F, Ozdemir F, Balcı F, Tuncay A, Kalay 
N. Increased serum systemic Immune-inflammation index is independently 
Associated with severity of carotid artery stenosis. Angiology. 2022;74:790–7.

14. Li JQ, Zhang YR, Wang HF, Guo Y, Shen XN, Li MM, Song JH, Tan L, Xie AM, Yu 
JT. Exploring the links among peripheral immunity, biomarkers, cognition, 

Table 7 Association between sum TFAs and SII in different 
subgroups
Sum TFAs SII

β (95% CI) P value P for interaction
Age (years) 0.920
<60 42.41 (23.45, 61.38) <0.001
≥60 58.61 (-13.11, 130.34) 0.104
Gender 0.844
Male 37.62 (8.21, 67.03) 0.015
Female 46.90 (23.39, 70.42) <0.001
BMI (kg/m2) 0.145
<30 51.70 (22.21, 81.18) 0.002
≥30 23.84 (-8.88, 56.56) 0.144
Race 0.298
Mexican American 96.94 (33.44, 160.43) 0.006
Non-Hispanic Black 46.22 (6.78, 85.66) 0.026
Non-Hispanic White 27.54 (6.23, 48.85) 0.014
Other Hispanic 73.11 (-29.19, 175.41) 0.118
Other Race 5.46 (-100.64, 111.56) 0.845
Smoking Status <0.001
Never 73.77 (48.41, 99.13) <0.001
Former 24.06 (-15.14, 63.26) 0.214
Current -20.83 (-66.09, 24.42) 0.348
CVD 0.268
No 41.75 (23.21, 60.29) <0.001
Yes 52.07 (-17.93, 122.06) 0.135
DM 0.509
No 45.07 (25.81, 64.32) <0.001
Yes 7.88 (-74.24, 89.99) 0.841
Hypertension 0.972
No 42.58 (23.81, 61.36) <0.001
Yes 47.35 (-9.12, 103.83) 0.096
Adjusted for age, gender, race, PIR, education level, BMI, marital, smoking 
status, CVD, alcohol consumption, uric acid, eGFR, HDL, LDL, hypertension, DM, 
and cancer, if not stratified

Abbreviations: SII, Systemic immune-inflammation index, PIR, Poverty income 
ratio, BMI, Body mass index, CVD, Cardiovascular disease, eGFR, Estimated 
glomerular filtration rate, HDL, high-density lipoprotein, LDL, low-density 
lipoprotein, DM, Diabetes mellitus, CI, Confidence interval

https://doi.org/10.1186/s12944-024-02109-w
https://doi.org/10.1186/s12944-024-02109-w
https://www.cdc.gov/nchs/nhanes
https://www.cdc.gov/nchs/nhanes/about_nhanes.htm
https://www.cdc.gov/nchs/nhanes.htm


Page 11 of 11Zhu et al. Lipids in Health and Disease          (2024) 23:122 

and neuroimaging in Alzheimer’s disease. Alzheimer’s Dementia: Diagnosis 
Assess Disease Monit 2023, 15.

15. Wang S, Pan X, Jia B, Chen S. Exploring the correlation between the systemic 
Immune inflammation index (SII), systemic inflammatory response index 
(SIRI), and type 2 Diabetic Retinopathy. Diabetes Metabolic Syndrome Obes. 
2023;16:3827–36.

16. Gonçalves de Carvalho CMR, Ribeiro SML. Aging, low-grade systemic inflam-
mation and vitamin D: a mini-review. Eur J Clin Nutr. 2016;71:434–40.

17. Qi X, Li Y, Fang C, Jia Y, Chen M, Chen X, Jia J. The associations between 
dietary fibers intake and systemic immune and inflammatory biomarkers, a 
multi-cycle study of NHANES 2015–2020. Front Nutr 2023, 10.

18. Rayman MP. The importance of selenium to human health. Lancet. 
2000;356:233–41.

19. Kuiper HC, Wei N, McGunigale SL, Vesper HW. Quantitation of trans-fatty acids 
in human blood via isotope dilution-gas chromatography-negative chemical 
ionization-mass spectrometry. J Chromatogr B. 2018;1076:35–43.

20. Vesper HW, Caudill SP, Kuiper HC, Yang Q, Ahluwalia N, Lacher DA, Pirkle 
JL. Plasma trans-fatty acid concentrations in fasting adults declined from 
NHANES 1999–2000 to 2009–2010. Am J Clin Nutr. 2017;105:1063–9.

21. Chen F, Song Y, Li W, Xu H, Dan H, Chen Q. Association between periodontitis 
and mortality of patients with cardiovascular diseases: a cohort study based 
on NHANES. J Periodontol. 2024;95:175–84.

22. Chen Y, Lin W, Fu L, Liu H, Jin S, Ye X, Pu S, Xue Y. Muscle quality index and 
cardiovascular disease among US population-findings from NHANES 
2011–2014. BMC Public Health. 2023;23:2388.

23. Dang K, Wang X, Hu J, Zhang Y, Cheng L, Qi X, Liu L, Ming Z, Tao X, Li Y. The 
association between triglyceride-glucose index and its combination with 
obesity indicators and cardiovascular disease: NHANES 2003–2018. Cardio-
vasc Diabetol. 2024;23:8.

24. Levey AS, Stevens LA, Schmid CH, Zhang Y, Castro AF, Feldman HI, Kusek 
JW, Eggers P, Van Lente F, Greene T, Coresh J. A New equation to Estimate 
glomerular filtration rate. Ann Intern Med 2009, 150.

25. Ye Z, Hu T, Wang J, Xiao R, Liao X, Liu M, Sun Z. Systemic immune-inflamma-
tion index as a potential biomarker of cardiovascular diseases: a systematic 
review and meta-analysis. Front Cardiovasc Med. 2022;9:933913.

26. Meng L, Yang Y, Hu X, Zhang R, Li X. Prognostic value of the pretreatment 
systemic immune-inflammation index in patients with prostate cancer: a 
systematic review and meta-analysis. J Translational Med. 2023;21:79.

27. Zhang Y, Lin S, Yang X, Wang R, Luo L. Prognostic value of pretreatment sys-
temic immune-inflammation index in patients with gastrointestinal cancers. J 
Cell Physiol. 2019;234:5555–63.

28. Lopez-Garcia E, Schulze MB, Meigs JB, Manson JE, Rifai N, Stampfer MJ, Willett 
WC, Hu FB. Consumption of trans fatty acids is related to plasma biomarkers 
of inflammation and endothelial dysfunction. J Nutr. 2005;135:562–6.

29. Mozaffarian D, Pischon T, Hankinson SE, Rifai N, Joshipura K, Willett WC, Rimm 
EB. Dietary intake of trans fatty acids and systemic inflammation in women. 
Am J Clin Nutr. 2004;79:606–12.

30. Baer DJ, Judd JT, Clevidence BA, Tracy RP. Dietary fatty acids affect plasma 
markers of inflammation in healthy men fed controlled diets: a randomized 
crossover study. Am J Clin Nutr. 2004;79:969–73.

31. Machado RM, Nakandakare ER, Quintao ECR, Cazita PM, Koike MK, Nunes 
VS, Ferreira FD, Afonso MS, Bombo RPA, Machado-Lima A, et al. Omega-6 
polyunsaturated fatty acids prevent atherosclerosis development in LDLr-KO 
mice, in spite of displaying a pro-inflammatory profile similar to trans fatty 
acids. Atherosclerosis. 2012;224:66–74.

32. Afonso MS, Lavrador MSF, Koike MK, Cintra DE, Ferreira FD, Nunes VS, Castilho 
G, Gioielli LA, Paula Bombo R, Catanozi S et al. Dietary interesterified fat 
enriched with palmitic acid induces atherosclerosis by impairing macro-
phage cholesterol efflux and eliciting inflammation. J Nutr Biochem 2016, 32.

33. Hu X, Tanaka N, Guo R, Lu Y, Nakajima T, Gonzalez FJ, Aoyama T. PPARα pro-
tects against trans-fatty-acid-containing diet-induced steatohepatitis. J Nutr 
Biochem. 2017;39:77–85.

34. Larner DP, Morgan SA, Gathercole LL, Doig CL, Guest P, Weston C, Hazeldine 
J, Tomlinson JW, Stewart PM, Lavery GG. Male 11β-HSD1 Knockout Mice 
Fed Trans-Fats and Fructose are not protected from metabolic syndrome or 
nonalcoholic fatty liver disease. Endocrinology. 2016;157:3493–504.

35. Ge Y, Liu W, Tao H, Zhang Y, Liu L, Liu Z, Qiu B, Xu T. Effect of industrial trans-
fatty acids-enriched diet on gut microbiota of C57BL/6 mice. Eur J Nutr. 
2019;58:2625–38.

36. Figliuolo VR, Dos Santos LM, Abalo A, Nanini H, Santos A, Brittes NM, 
Bernardazzi C, de Souza HSP, Vieira LQ, Coutinho-Silva R, Coutinho CMLM. 
Sulfate-reducing bacteria stimulate gut immune responses and contribute to 
inflammation in experimental colitis. Life Sci. 2017;189:29–38.

37. Ijssennagger N, van der Meer R, van Mil SWC. Sulfide as a mucus barrier-
breaker in inflammatory bowel disease? Trends Mol Med. 2016;22:190–9.

38. Bhalla DK, Hirata F, Rishi AK, Gairola CG. Cigarette smoke, inflammation, and 
lung injury: a mechanistic perspective. J Toxicol Environ Health Part B Crit 
Reviews. 2009;12:45–64.

39. Hastert TA, Otto deO MC, L-S F, S BT, S LM, T MY, J DR, B A. Association of 
plasma phospholipid polyunsaturated and trans fatty acids with body mass 
index: results from the multi-ethnic study of atherosclerosis. Int J Obes. 
2018;42:433–40.

40. Iyengar NM, Gucalp A, Dannenberg AJ, Hudis CA. Obesity and Cancer mecha-
nisms: Tumor Microenvironment and inflammation. J Clin Oncology: Official J 
Am Soc Clin Oncol. 2016;34:4270–6.

41. Li H, Wu X, Bai Y, Wei W, Li G, Fu M, Jie J, Wang C, Guan X, Feng Y, et al. Physi-
cal activity attenuates the associations of systemic immune-inflammation 
index with total and cause-specific mortality among middle-aged and older 
populations. Sci Rep. 2021;11:12532.

42. You Y, Chen Y, Fang W, Li X, Wang R, Liu J, Ma X. The association between 
sedentary behavior, exercise, and sleep disturbance: a mediation analysis of 
inflammatory biomarkers. Front Immunol. 2022;13:1080782.

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


	Associations between trans fatty acids and systemic immune-inflammation index: a cross-sectional study
	Abstract
	Introduction
	Methods
	Study population
	Measurement of circulating TFA
	Identification of SII
	Covariates
	Statistical analysis

	Results
	Baseline characteristics of the study participants
	Relationship between TFAs and SII
	Subgroup analysis

	Discussion
	Strengths and limitations
	Conclusion
	References


