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Association of serum carotenoids
and Sll among general people,
based on NHANES 2001-2006

Shao-Hua Yan?*, Wenqing Nai*>, LuShan Peng’?*“ & Junpu Wang'?**

As a novel inflammatory marker, Systemic Immune-Inflammation Index (Sll) has recently been
recognized as a prognostic indicator for a variety of diseases including malignant cancers, coronary
artery disease, hyperlipidemia, and hepatic steatosis. Carotenoids are a group of abundant lipid-
soluble phytochemicals, and studies have suggested that they have antioxidant, antiapoptotic, and
anti-inflammatory properties. However, a systematic analysis of the association between serum
carotenoids and Sli is still lacking. The purpose of this investigation was to explore the association
between serum carotenoid concentration and Sll. The cross-sectional investigation included general
people (age =20) with complete information on Sll and five different serum carotenoids (Trans-
lycopene, B-carotene, a-carotene, lutein/zeaxanthin, and B-cryptoxanthin). Multivariate linear
regression analyses were used to evaluate the association between serum carotenoids and Sll among
general people. The potential non-linear relationship was determined using threshold effect analysis
and fitted smoothing curves. Subgroup analysis was performed to explore the potential stratified
factors. 15903 participants were enrolled in our investigation. Based on multivariate linear regressions,
the highest quartiles of serum carotenoids were found significantly associated with SIl compared with
the lowest quartiles. The results showed the negative association between Sll and the concentration of
five different serum carotenoids. According to the non-linear analysis, we found that there are non-
linear relationships between B-carotene and trans-lycopene and Sll in general people with an inflection
point of 6.90 (log2-transformed, ug/dL) and 4.01 (log2-transformed, ug/dL), respectively. The results
from subgroup analysis provide several potential moderating effects, such as race, current drinker,

and age. This study revealed the relationship between the concentration of several serum carotenoids
and Sll across the general American population. Further prospective and longitude investigations are
needed.
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Systemic Immune-Inflammation Index (SII) is a novel inflammatory marker introduced by Hu et al. in 2014. It
reflects systemic inflammation throughout the human body!. SII, a stable inflammatory biomarker, is calculated
using the formula: platelet count x neutrophil count / lymphocyte count!. Unlike traditional inflammatory
indices, numerous studies have demonstrated that SII not only reflects the balance between inflammatory and
immune responses>? but has also recently been recognized as a prognostic biomarker for a variety of diseases,
including malignant cancers!, coronary artery disease?, hyperlipidemia®, and hepatic steatosis’. For example, Hu
et al’s initial study on SII analyzed a cohort of 133 patients and further validated their findings in a prospective
study involving 123 patients. Univariate and multivariate analyses demonstrated that SII was a significant
predictor of poor outcomes in patients with hepatocellular carcinomal. Similarly, a retrospective analysis
indicated that SII is a valuable indicator for predicting recurrence in colorectal cancer patients®. More recently,
Huang et al. analyzed a retrospective dataset of 324 participants, applying single-variable tests, binary logistic
regression analysis, ROC curve analysis, restricted cubic spline tests, and curve fitting. Their findings identified
SII as a risk factor for coronary artery lesions, suggesting its utility as an auxiliary laboratory biomarker for

predicting coronary artery lesions’.
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Carotenoids, are a group of abundant lipid-soluble phytochemicals, with representative conjugated polyene
chain containing 8 units of C5 like isoprenoid®, consisting of 9-11 double bonds. They can be classified into
hydrocarbon carotenoids (such as lycopene, B-carotene, and a-carotene) and oxygen-containing derivatives
of hydrocarbon carotenoids (including xanthophylls, lutein, zeaxanthin, and B-cryptoxanthin)®. In the human
body, over 95% of the circulating carotenoids are among these six types'. Studies suggest that carotenoids
possess antioxidant, anti-apoptotic, and anti-inflammatory properties due to their distinctive structures''2.
For example, research has shown that carotenoids interact with the nuclear factor kB pathway by inhibiting the
translocation of nuclear factor kB to the nucleus, thereby reducing the production of inflammatory cytokines
such as interleukin-8 and prostaglandin E2!3. Several cellular models for studying potential anti-inflammatory
effects of carotenoids have been established. Jung et al. found that monocytes/macrophages, which play a
significant role in many inflammatory processes, are important targets of carotenoids'. In vitro studies have
demonstrated that p-carotene, lycopene, and lutein can reduce reactive oxygen species (ROS) production,
thereby mitigating inflammation'®.

Previous studies have reported the relationship between carotenoids and various inflammation indicators,
such as TNE-RII, IL-6, IL-1ra, CRP, and neutrophil“‘”‘. However, these studies are constrained by their
experimental settings, which limit direct applicability to population-level data. Moreover, few studies have found
the association between serum carotenoids and SII. Therefore, we investigated the relationship between SIT and
serum carotenoids through a population-based cross-sectional study utilizing data from the National Health and
Nutrition Examination Survey (NHANES) adult participants.

Methods

NHANES

NHANES is a research program designed to assess the health and nutritional status of adults and children in
the U.S, employing a complex, multistage, and probabilistic sampling technique. In this study, a total of 31,509
participants were initially considered (Fig. 1).

Exposure variable

Automated hematology analyzers was used to measure Lymphocyte, neutrophil, and platelet counts (expressed
as x103 cells/ml). SIT was calculated using the formula: platelet count x neutrophil count / lymphocyte count.
High-performance liquid chromatography (HPLC) was employed to measure the levels of six different serum
carotenoids (trans-p-carotene, cis-p-carotene, a-carotene, B-cryptoxanthin, lutein/zeaxanthin, and trans-
lycopene.) for NHANES 2001-2006. Information regarding participants was available on trans-Pcarotene, cis-
B-carotene, a-carotene, p-cryptoxanthin, lutein/zeaxanthin, and trans-lycopene. Information on total lycopene
was not provided for NHANES 2001-2002. The analysis utilized the total p-carotene level, which was calculated
by summing the concentrations of cis-B-carotene and trans-p-carotene. Total-carotene is calculated as the sum
of multiple carotenoids.

Covariates

Demographic data were collected through questionnaire interviews and included age, sex, marital status, race,
leisure-time physical activity, education level, and family poverty ratio. Body mass index (BMI) was calculated
as weight divided by height squared. Alcohol consumption was categorized as never (<12 drinks in lifetime),
current (2 12 drinks and currently drinking), and former (no drinks in the past year but > 12 drinks in lifetime).
Smoking status was classified as former (=100 cigarettes but not currently smoking), current (>100 cigarettes
and currently smoking), and never (<100 cigarettes in lifetime). Hypertension was defined as systolic blood
pressure > 140 mmHg, diastolic blood pressure 290 mmHg, a prior diagnosis, or a history of antihypertensive
medication use. Diabetes was diagnosed based on fasting glucose levels (mmol/L)>7.0, glycohemoglobin
(%) =6.5, use of antidiabetic medications or insulin, or a prior physician diagnosis of diabetes mellitus (DM).
Cerebrovascular disease (CVD) was defined as having a history of stroke, congestive heart failure, heart attack,
angina, or coronary artery disease. All data are publicly available at www.cdc.gov/nchs/nhanes/.

Statistical analyses

Following NHANES recommendations, weighted chi-square and one-way analyses were performed to identify
disparities in descriptive analyses. Multifactorial linear regression analysis was utilized to evaluate the correlation
between SII and serum carotenoids. Model 1 was unadjusted, Model 2 was adjusted for age and sex, and Model 3
was further adjusted for race, education level, marital status, alcohol intake, smoking status, leisure-time physical
activity, BMI, family poverty ratio, hypertension, diabetes, and CVD. The smoothed curve fits were generated
to examine potential nonlinear relationships. A threshold effect analysis model was applied to calculate the
relationship and inflection point. To explore the correlation between SII and the concentrations of five different
serum carotenoids, subgroup analyses were conducted, stratifying by age, sex, race, education level, marital
status, alcohol intake, smoking status, leisure-time physical activity, BMI, family poverty ratio, hypertension,
diabetes, and CVD.

Results

Baseline characteristics of participants

In this study, 10,593 participants were enrolled, with a mean age of 46.36 years (SE: 0.35), and 49.43% of them
were male. The weighted baseline characteristics of participants, stratified by the P-carotene quartiles, are
presented in Table 1. Statistically significant differences were observed in age, sex, race, education level, marital
status, smoking status, alcohol consumption, family poverty ratio, BMI, leisure-time physical activity, diabetes
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Fig. 1. Flowchart of participant selection.

mellitus (DM), the levels of four different serum carotenoids (P <0.05), and SII in relation to serum (-carotene
quartiles. Specifically, individuals in Quartile 4 were typically older, more likely to be female, non-Hispanic
White, better educated, married, alcohol consumers, non-smokers, with a family poverty ratio > 3.5, and were
less likely to have diabetes, cardiovascular disease (CVD), or hypertension. Additionally, they engaged more
frequently in leisure-time physical activity.
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Serum f-carotene (ug/dl)
Variable Total Q1 Q2 Q3 Q4 Pvalue
Age (year) 46.36+0.35 | 41.74+0.39 |44.20+£0.38 |48.05+0.47 |52.13+0.53 | <0.001
Sex, n (%) <0.001
Female 5142(50.57) | 1018(39.36) | 1201(48.55) | 1311(51.69) | 1612(63.99)
Male 5451(49.43) | 1636(60.64) | 1444(51.45) | 1339(48.31) |1032(36.01)
Race, n (%) 0.02
Non-Hispanic White 5697(74.09) | 1377(72.65) | 1398(74.05) | 1385(72.85) | 1537(76.93)
Non-Hispanic Black 2059(10.09) | 620(11.99) 524(10.18) 476(9.69) 439( 8.29)
Mexican American 2132(7.28) 482(6.74) 552(7.46) 607(8.65) 491(6.32)
Others 705( 8.54) 175(8.61) 171(8.30) 182(8.82) 177(8.45)
Education level, n (%) <0.001
Less than high school 2936(17.00) | 793(20.30) 745(17.62) 758(16.26) 640(13.40)
High school 2575(25.76) | 761(31.71) | 705(27.94) | 614(24.06) | 495(18.51)
College or above 5082(57.25) | 1100(47.99) | 1195(54.43) | 1278(59.67) | 1509(68.09)
Marital, n (%) <0.001
Married 5966(59.33) | 1270(50.64) | 1490(59.03) | 1590(63.33) | 1616(65.34)
Unmarried 1582(15.35) | 557(20.50) 427(16.22) 343(13.51) 255(10.54)
Separated 3045(25.31) | 827(28.86) 728(24.75) 717(23.16) 773(24.12)
Smoking status, n (%) <0.001
Never 5288(49.73) | 1051(39.32) | 1216(46.07) | 1444(54.89) |1577(60.10)
Former 2870(25.35) | 546(18.42) 706(25.26) 779(27.90) 839(30.61)
Now 2435(24.91) | 1057(42.26) | 723(28.67) | 427(17.22) | 228(9.29)
Alcohol user, n (%) <0.001
Never 1448(11.75) | 255(7.70) 366(12.80) 373(12.47) 454(14.38)
Former 2196(17.04) | 497(17.14) | 542(17.04) | 606(17.90) | 551(16.08)
Now 6949(71.21) | 1902(75.16) | 1737(70.16) | 1671(69.63) | 1639(69.54)
Family of poverty ratio <0.001
<13 2755(18.40) | 872(24.26) 697(18.28) 679(17.63) 507(12.83)
1.3-35 4161(36.79) | 1061(40.16) | 1089(39.63) | 1006(34.60) | 1005(32.17)
>3.5 3677(44.81) | 721(35.59) 859(42.09) 965(47.78) 1132(55.00)
BMI (kg/m?) 28.26+£0.12 | 30.08+0.18 |28.75+£0.19 |27.85+0.14 |26.13£0.13 | <0.001
CVD, n (%) 0.22
No 9355(91.53) | 2345(91.33) | 2326(91.16) | 2334(91.14) | 2350(92.51)
Yes 1238(8.47) 309(8.67) 319(8.84) 316(8.86) 294(7.49)
Hypertension, n (%) 0.11
No 6117(63.97) | 1528(62.60) | 1584(64.84) | 1489(62.71) | 1516(65.77)
Yes 4476(36.03) | 1126(37.40) | 1061(35.16) | 1161(37.29) | 1128(34.23)
Leisure-time physical activity <0.001
Yes 4476(36.03) | 1126(37.40) | 1061(35.16) | 1161(37.29) | 1128(34.23)
No 6117(63.97) | 1528(62.60) | 1584(64.84) | 1489(62.71) | 1516(65.77)
DM, n (%) <0.001
Yes 1370(9.01) 432(12.18) 348(8.80) 323(8.09) 267(6.65)
No 9223(90.99) | 2222(87.82) |2297(91.20) |2327(91.91) |2377(93.35)
a-carotene (ug/dL) 4.38+0.16 1.31£0.03 2.57+0.06 4.30+0.09 9.77£0.30 <0.001
B-cryptoxanthin (ug/dL) 9.09+0.17 4.84+0.09 7.41+0.13 10.25+0.20 14.44+0.27 | <0.001
Lutein/zeaxanthin (ug/dL) 15.81£0.20 | 10.86+0.11 14.10£0.16 |16.99£0.19 |21.97+0.30 | <0.001
Trans-lycopene (ug/dL) 23.13+£0.21 |19.39+£0.29 |23.39+£0.30 |24.46+0.26 |25.67+0.28 | <0.001
SIT 608.73+£5.27 | 637.07+£9.02 | 621.52+7.34 | 603.84+8.40 | 568.51+6.43 | <0.001

Table 1. Weighted characteristics of the study population based on serum -carotene. total serum p-carotene
was used in the analysis. BMI: body mass index; CVD: cerebrovascular disease; DM: diabetes mellitus.

Association between Sll and serum carotenoids

We conducted multivariable regression analyses to evaluate the relationship between SII and serum carotenoid
concentrations. According to the quartiles of SII, there was statistically significant difference among the SII
quartiles 1 in terms of 4 different serum carotenoids and serum total carotene in model 1, 2 and 3 (Table 2).
When serum carotenoids were calculated as continuous variables, multivariate regression analysis revealed an
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Categories | Range

Modell

Model2

Model3

B(95%CI)

B(95%CI)

B(95%CI)

a-carotene (ug/dL)

Continuous —23.49(- 30.80,— 16.17) | — 28.38(— 35.93,— 20.82) | — 21.82(- 29.22,— 14.42)
Q1 Ref. Ref. Ref.

Q2 —4.68(— 25.69, 16.34) - 12.95(- 33.88,7.99) —10.08(— 31.64, 11.48)
Q3 —38.29(- 59.09,— 17.49) | — 51.38(- 72.37,— 30.39) | — 45.07(- 69.05,— 21.08)
Q4 —52.49(- 75.12,- 29.86) | — 72.2(- 95.17,— 49.24) — 56.46(— 82.10,— 30.81)
P for trend <0.001 <0.001 <0.001

B-carotene (ug/dL)

Continuous —22.26(— 31.28,— 13.23) —30.35(— 40.57,— 20.13) —22.40(— 32.37,— 12.44)
Q1 Ref. Ref. Ref.

Q2 —15.85(— 34.18, 2.48) —25.4( - 44.43, - 6.37) —15.21(- 34.01, 3.59)
Q3 —33.37(~ 55.84,— 10.90) | — 50.12( — 72.03,— 28.20) | — 33.81(- 56.62,— 11.01)
Q4 — 68.57(— 89.73,- 47.40) | — 99.12(- 122.29,— 75.96) | — 74.27(— 96.61,— 51.93)
P for trend <0.001 <0.001 <0.001

B-cryptoxanthin (ug/dL)

Continuous —-29.17(- 39.23,- 19.12) | — 31.02(- 41.24,- 20.80) -19.51(- 30.22, - 8.80)
Q1 Ref. Ref. Ref.

Q2 ~36.74( - 54.26,- 19.21) | — 36.85( — 54.81,— 18.90) | — 22.66(— 40.17, — 5.15)
Q3 —59.33( - 83.71,- 34.95) | — 59.48( — 83.63,— 35.32) — 38.68(— 64.02,- 13.35)
Q4 — 82.84(- 103.14,- 62.55) | — 86.60(— 107.44,— 65.75) | — 54.40(— 77.86,— 30.94)
P for trend <0.001 <0.001 <0.001

Lutein/zeaxanthin (ug/

dL)

Continuous —34.42(- 42.81,- 26.04) | — 37.74(- 46.09,— 29.38) —26.52(— 35.53,- 17.52)
Q1 Ref. Ref. Ref.

Q2 —43.13( - 73.90,— 12.35) | — 44.14( - 74.61,— 13.66) —28.78( - 60.79, 3.23)
Q3 —70.72( — 94.78,— 46.65) | — 72.46( — 96.60,— 48.33) —-50.71( - 76.42,— 25.01)
Q4 —97.8(- 121.16,— 74.44) | — 105.12(— 128.28,— 81.95) | — 74.31(— 100.41,— 48.21)
P for trend <0.001 <0.001 <0.001

Trans-lycopene (ug/dL)

Continuous - 16.94(- 23.39,- 10.48) | — 12.01(- 19.26, — 4.76) —9.04(- 16.40, — 1.68)
Q1 Ref. Ref. Ref.

Q2 —43.06(- 69.19,- 16.94) | — 39.24(- 66.63,— 11.84) - 36.01(— 63.98, — 8.04)
Q3 - 36.19(- 55.69,— 16.68) | — 28.69(— 50.70, — 6.69) —23.56(— 46.37, — 0.74)
Q4 ~53.19(~ 76.44,— 29.94) | — 40.48(— 66.60,— 14.35) | — 33.23(~ 59.61, — 6.86)
P for trend <0.001 0.006 0.032

Total-carotene (ug/dL)

2003-2006

Continuous —35.38(— 44.95,~ 25.81) | — 37.82(~ 47.77,- 27.87) | — 27.06(~ 38.26,— 15.87)
Q1 Ref. Ref. Ref.

Q2 —27.99( - 51.40, — 4.58) | —23.49( - 47.57,0.58) — 14.3( - 40.56, 11.95)
Q3 ~ 46.93( - 74.99,~ 18.87) | — 41.95( — 71.61,— 12.30) | — 22.69( — 56.41, 11.04)
Q4 —99.36(— 122.37,- 76.34) | — 101.41(— 125.34,— 77.49) | — 72.55(— 100.14,— 44.95)
P for trend <0.001 <0.001 <0.001

Table 2. The associations of the quartile of serum carotenoids, relative to quartile 1 with SII. Model 1: no
cofounder; Model 2: adjusted for age, sex; Model 3: further adjusted for race, education level, marital status,
alcohol intake, smoking status, leisure-time physical activity, BMI, the family of poverty ratio, hypertension,
diabetes, and CVD; total serum {-carotene was used in the analysis.

inverse correlation between (-carotene, a-carotene, B-cryptoxanthin, Lutein/zeaxanthin, and trans lycopene,
total carotene, and SII after full adjustments. When they were divided into quartiles, the results showed, the p
values and 95% ClIs were (-56.46 [95% CI, -82.10 to -30.81]) for a-carotene, (—74.27, [95% CI, -96.61 to -51.93])
for B-carotene, (—54.40, [95% CI, —77.86 to — 30.94]) for B-cryptoxanthin, (- 74.31 (95% CI, -100.41 to — 48.21])
for lutein/ zeaxanthin, (-33.23 [95% CI, -59.61 to -6.86]) for trans-lycopene, and (-72.55 [95% CI, -100.14 to
-44.95]) for total carotene after adjusting all covariates, compared with the lowest quartile.
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The analyses of nonlinear relationship

We explored the nonlinear relationships between serum carotenoids and SII using piecewise linear regression
models (Table 3; Fig. 2A-E). The results indicated a linear relationship between SII and a-carotene,
B-cryptoxanthin, and lutein/zeaxanthin. However, nonlinear relationships were observed between SII and
B-carotene as well as trans-lycopene, with inflection points at 6.90 (log2-transformed, pg/dL) and 4.01 (log2-
transformed, pg/dL), respectively.

Subgroup analysis

To validate our findings, we conducted subgroup analyses based on age (< 60/>60 years), gender (male/female),
BMI (<30/230 kg/m?), race (White/non-White), current alcohol consumption (yes/no), current smoking
status (yes/no), hypertension (yes/no), diabetes (yes/no), and CVD (yes/no) (Supplementary Tables 1-5). No
significant interactions were found between serum carotenoids and SII across most subgroups.

Discussion

This population-based study focus on the relationship between serum carotenoids, including a-carotene,
B-carotene, B-cryptoxanthin, lutein/zeaxanthin, and trans-lycopene and SII. Our findings indicate that higher
levels of these five serum carotenoids are associated with lower SII values. Additionally, nonlinear relationships
were observed between certain serum carotenoids and SIIL.

According to previous research, inflammatory markers are associated with the incidence of various chronic
diseases including diabetes, CVDs, neurodegenerative disorders, and malignancies!®°. It has been reported that
a healthy life style such as regular consumption of fruits and vegetables can reduce the incidence of those chronic
conditions?!~2%, With the global health burden of chronic diseases escalating due to an aging population, there
is an urgent need to explore key factors influencing systemic inflammation and their impact on general health.

Researches showed that as an important inflammatory marker, the role of SII in various diseases have widely
been observed®>?. For example, Yang et al. examined the predictive value of SII in patients with coronary artery
disease (CAD). Interestingly, compare to traditional risk factors, they found that SII had a better prediction
of major cardiovascular events in CAD patients after coronary intervention?. In individuals with elevated SII
levels, the immune system remains persistently activated, resulting in chronic inflammation of the joints and
other tissues?. Satis et al. reported that SII levels were significantly higher in patients with rheumatoid arthritis
compared to healthy controls and were positively correlated with disease severity?®. In 2017, study suggested
that SII may be an independent prognostic indicator for advanced lung cancer patients and is better than other
inflammation-based factors in terms of prognostic ability?®. The role of SII as a risk factor in patients with
diabetic depression have also been described®’. However, the specific mechanisms through which SII affects
these diseases remain unclear.

Carotenoids, known for their antioxidant and anti-inflammatory properties’*%, are believed to offer
protective effects against various chronic diseases®. For instance, carotenoids are thought to be beneficial in
preventing CVDs*!. A meta-analysis of longitudinal studies showed that the concentrations of total carotene,
acarotene, B-carotene, and lycopene were inversely associated with the risk of all-cause mortality®®. The Age-
Related Eye Disease Study (AREDS) demonstrated that B-carotene-rich diets are beneficial for age-related

31,32

SII | Adjusted B (95% CI) P value

a-carotene

One line slop

—19.63 (- 25.35, — 13.92) <0.0001

Log likelihood ratio test

0.077

B-carotene

Inflection point(K)

6.90

< K slope

—26.96 (- 33.67, — 20.24) <0.0001

> K slope

108.33 (- 24.07, 240.74) 0.1088

Log likelihood ratio test

0.047

B-cryptoxanthin

One line slop

—24.26 (- 31.90, — 16.61) <0.0001

Log likelihood ratio test

0.245

Lutein/zeaxanthin

One line slop

—42.63 (- 53.08, — 32.19) <0.0001

Log likelihood ratio test

0.229

Trans-lycopene

Inflection point(K) 4.01
< Kslope —35.50 (- 52.16, — 18.85) < 0.0001
> K slope 1.43 (- 14.41, 17.27) 0.8594

Log likelihood ratio test

0.007

Table 3. Threshold effect analysis of serum carotenoids on SII using piece-wise linear regression. Total serum

[-carotene was used in the analysis.
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Fig. 2. The association between SII and serum carotenoids. Association between SII and serum carotenoids
(A) a-carotene, (B) B-carotene, (C) p-cryptoxanthin, (D) Lutein/zeaxanthin, (E) Trans-lycopene). Adjusted
for age, sex, race, education level, marital status, alcohol intake, smoking status, leisure-time physical activity,
BM]I, the family of poverty ratio, TC, hypertension, diabetes, and CVD; total serum B-carotene was used in the
analysis.

macular degeneration (AMD)?. In animal studies, carotenoids have shown cardioprotective properties by
enhancing glutathione peroxidase levels and superoxide dismutase (SOD) activity in norepinephrine-induced
cardiac hypertrophy*’. Their antioxidant and anti-inflammatory effects are attributed to their functional groups
and the number of conjugated double bonds, which enable them to neutralize reactive oxygen species (ROS) and
free radicals, thereby protecting lipid membranes from peroxidation and reducing cellular inflammation®*-4!. In
our study, the adverse connection between the concentration of five serum carotenoids and SII may also due to
the aforementioned underlying mechanism.

Previous studies have explored the relationship between carotenoids and various inflammation indicators,
such as TNF-RIJ, IL-6, IL-1ra, CRP, and neutrophil. For example, research conducted in breast cancer patients
examined the relationship between carotenoids and serum CRP, sTNF-RIIL, IL-6, and IL-1ra, suggesting that
serum carotenoid concentrations may confer anti-inflammatory benefits. However, the small sample sizes in
these studies limited their outcomes. Also, those Traditional inflammatory indices do not capture the potential
role of serum carotenoids as effectively as SII, a novel and promising inflammatory marker. In our study, we
investigated the inverse relationship between five different serum carotenoids and SII. Nonlinear analysis
revealed that B-carotene and trans-lycopene have nonlinear relationships with SII, with inflection points at
6.90 (log,-transformed, pg/dL) and 4.01 (log,-transformed, pg/dL), respectively. Our findings suggest that the
five different serum carotenoids are negatively associated with SII, indicating their potential role in modulating
systemic inflammation. To our knowledge, this is the first study to investigate the relationship between SII and
the concentrations of these five serum carotenoids.

The present study has multiple strengths. This research was from a substantial, nationally representative
sample, including 10,593 participants, allowing for the weighted outcomes that reflect the U.S. population at
the national level. Also, we considered a broad range of potential confounding factors and conducted subgroup
analyses to make sure the results are consistent. However, there are several limitations. For example, as a cross-
sectional survey, this study cannot build a cause-and-effect relationship between five serum carotenoids and SIT
in general people. Moreover, the relationship between total serum carotenoids and SII could not be established
due to the incomplete total lycopene. Lastly, considering the complex metabolism of serum carotenoids in vivo,
additional research should be taken into consideration.
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Conclusion

In conclusion, our study from a substantial, national sample representative U.S. population showed an inverse
relationship between five serum carotenoids and SII in general people. SII, an evaluation index of systemic
inflammatory response can be used to predict the severity of certain diseases and monitor treatment effects. The
findings have potential public health implications and support the metabolic benefits of serum carotenoids on
inflammation. However, the causal relationship and the underlying mechanism still need further investigations.

Data availability
The survey data are publicly available on the internet for data users and researchers throughout the world
(https://www.cdc.gov/nchs/nhanes/ ).
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