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Background: With the aging of the population, finding effective interventions
and treatments to delay chronic inflammation-related diseases is an urgent
problem to be solved. Previous studies on animals have proposed that vitamin
K can inhibit inflammation and may be a potential regulator of the immune
inflammatory response. These findings suggested that increasing intake of
vitamin K might also help reduce inflammation.

Methods: This study included 36,895 people from the National Health and
Nutrition Examination Survey (2007-2020). Multivariate linear regression and
restricted cubic spline analyses were conducted to explore the association
between vitamin K intake and various immune inflammatory factors. Subgroup
analyses were performed based on age, gender, ethnicity, BMI, hyperlipidemia,
diabetes and hypertension.

Results: After multivariable adjustment, vitamin K intake is negatively correlated
with SlI, SIRI, SIIRI, NLR, white blood cell, neutrophil, and monocyte. When the
level of vitamin K intake was less than 237.7 mcg/d, RAR showed a significant
decreasing trend with the increase of vitamin K. When the vitamin K intake level
was lower than 75.1 mcg/d, the basophil showed a downward trend with the
increase of intake. However, when vitamin K levels exceed the inflection point,
the above association no longer exists.

Conclusion: These findings reveal that vitamin K intake is associated with
reduced inflammatory status and improvements in immune inflammatory
biomarkers. Vitamin K may modulate systemic immune and inflammatory
markers, which may play a role in the development of chronic inflammation.
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vitamin K, systemic immune inflammatory index, systemic inflammatory response index,
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1 Introduction

Chronic inflammation is a pervasive feature of most age-related
diseases, such as cardiovascular disease, osteoporosis, dementia,
chronic kidney or liver disease and neurodegenerative disease (1).
With advancing age, inflammation not only leads to a decline in
immune response and adaptation (2), but also plays an important
role in cognitive decline (3, 4). Therefore, there is an urgent
need for new and more effective options to alter the dynamics of
inflammation and slow inflammation-associated chronic diseases.

As a multifunctional biomolecule, vitamin K is not only
involved in the coagulation process, it acts as a key coenzyme in
y-carboxylation process (5), but also participates in the glutamyl
carboxylation of many proteins and can improve mitochondrial
function. It may offer survival benefits in cardiovascular disease,
chronic kidney disease, cancer, and bone metabolism (6-9).
Vitamin K is a naphthoquinone compound and contains a variety
of forms. Vitamin K3 is the simplest, but it cannot be obtained
through a natural diet. Vitamin K1 is abundant in vegetables such
as kale, parsley, spinach, leek, and purslane, and vitamin K2 is
mostly obtained through diets such as yogurt, cheese, sauerkraut,
and natto (10). Phylloquinone (vitamin K1) in serum is the most
used marker of vitamin K status (11), but it is not routinely detected
in clinics. Dietary intake can be used as an indirect tool to monitor
the vitamin K supply.

There is limited evidence that vitamin K exerted a potent
protective effect against acute lung injury in mice and liver injury
in naturally aging rats by inhibiting inflammation (12, 13). In
addition, Eggebrecht et al. reported that long-term vitamin K
antagonist’s users had higher levels of high-sensitivity C-reactive
protein compared to short-term users (14). Based on the above
evidence, it is speculated that vitamin K may have a modulating
effect on systemic immunity and inflammation.

Leukocytes, lymphocytes, neutrophils, monocytes, and other
blood cellular markers are commonly used to assess inflammation
in human nutritional studies (15). Over the last decades various
cellular immune inflammation markers developed from blood
cell components have gradually emerged as clinical indicators
of disease-related inflammation. Systemic immune inflammatory
index (SII) (16) and systemic inflammatory response index (SIRI)
(17) were initially found to be positively correlated with poor
prognosis for hepatocellular carcinoma and pancreatic cancer,
respectively. SII and SIRI can integrate multiple leukocyte subsets
and assess systemic inflammatory activity in individuals (18).
An observational study indicated that an increased systemic
immune-inflammation index (SIIRI) was associated with a poor
cardiovascular outcome in patients initially diagnosed with
coronary artery disease (CAD). In a Danish longitudinal study,
it was observed that increasing neutrophil-to-lymphocyte ratio
(NLR) were associated with chronic inflammation (19). The NLR
and platelet-to-lymphocyte ratio (PLR) could serve as biomarkers
of cancer incidence risk (20) and were also associated with post-
thrombolysis early neurological outcomes (21) as well as stroke-
associated pneumonia (22). As another innovative indicator of
immune status and response, red blood cell distribution width-
to-albumin ratio (RAR) has also been associated with age-related
diseases such as heart failure (23). A population-based prospective
cohort study revealed that a higher baseline RAR was linked to an
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FIGURE 1
Flowchart of participant selection.

elevated risk of overall and cause-specific mortality in the general
population (24). In addition, ferritin and high-sensitivity C-reactive
protein (hs-CRP) are classic inflammatory biomarkers widely used
in clinical context. All the markers mentioned above are obtained
from routine laboratory tests or can be derived through calculation.

Therefore, this study aimed to explore the association between
vitamin K intake and systemic immunity and inflammation
through a large representative population and various cellular
immune inflammation markers.

2 Materials and methods

2.1 Study population

National Health and Nutrition Examination Survey (NHANES)
is an ongoing project that conducts a demographic survey
of non-institutional citizens in the United States, with data
released every 2 years. The nationally representative survey
includes interviews, physical examinations, and laboratory tests,
which provide a wealth of information on nutrition and health.
All analyses in this study were performed in accordance with
NHANES guidelines and regulations. And the datasets analyzed
during the current study are available at NHANES website’.
The Ethics Review Board of the National Center for Health
Statistics Research provided ethics approvals (Protocol #2005-
06, #2011-17, #2018-01) for all potential study protocols in
the NHANES. Written informed consent was obtained from
each participant.? Therefore, no additional ethical approval and
informed consent is required.

In this investigation, 7 cycles of NHANES from 2007 to 2020
were downloaded, remaining a total of 44,002 participants after
excluding those younger than 20. Those with missing data on
vitamin K intake (n = 5,506) and systemic immune-inflammation
index (n = 1,601) were further removed, leaving 36,895 individuals
for further analysis (Figure 1).

1 https://www.cdc.gov/nchs/nhanes/index.htm

2 https://www.cdc.gov/nchs/nhanes/irba98.ntm
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2.2 Assessment of vitamin K intake

The participants” intake of vitamin K, from diet and dietary
supplements, was obtained from two 24-h dietary recall interviews
during the survey period (2007-2020). The first dietary recall
was collected in the Mobile Examination Center (MEC) and the
second interview was conducted by telephone after 3-10 days.
Since 2007, all vitamins, minerals, herbals and other dietary
supplements as well as non-prescription antacids have been
collected in dietary interviews. A set of measuring guides (various
glasses, bowls, mugs, drink boxes and bottles, household spoons,
measuring cups and spoons, a ruler, thickness sticks, bean bags,
and circles) was provided in the MEC dietary interview room
for the participant to use when reporting food quantities. Dietary
data were collected by trained interviewers using the standardized
Automated Multiple-Pass Method (AMPM). The above-mentioned
elements ensured that participants received sufficient support and
guidance during the recall process, thus minimizing errors and
omissions. Compared to the first day, the dietary recall conducted
by telephone may have had limitations, leading to less detailed
and accurate information. A single 24-h recall has historically been
considered sufficient to describe the mean (25). Considering the
standardization and high quality of the in-person interview, only
the first day’s data was used in the analysis to ensure accuracy
(26, 27). The vitamin K content in all foods was calculated by
the United States Department of Agriculture’s Food and Nutrient
Database for Dietary Studies 3.0 (FNDDS 3.0) (28, 29). Total
vitamin K intake is calculated by summing intake from diet
and supplements.

2.3 Definition of Sll and other
inflammatory markers

Blood specimens of all study participants were measured at
the NHANES MECs. A complete blood count is performed on the
CoulterDxH 800 analyzer, and the neutrophil count, lymphocyte
count, monocytes count, eosinophil count, basophil count and
platelet count were reported as 1,000 cell/nL. Detailed and
comprehensive test methods can be found on the NHANES website
(30). The calculation formulas of SII, SIRI, NLR, PLR and RAR have
been described in previous studies as follows: SII = N x PLT/L
(16), SIRI = N x M/L (17), SIIRI = N x M x PLT/L (31),
NLR = N/L, PLR = PLT/L, RAR = [RDW(%)]/[albumin(g/dL)] (32)
(where L:lymphocyte count, M: monocytes count, N: neutrophil
count, PLT: platelet count(10%/iL), RDW: red cell distribution
width). Standardized protocols for measuring these commonly
used biochemical markers, including ferritin, albumin, and hs-CRP,
can also be searched for on the NHANES website.

2.4 Selection of covariates

The covariates in the analysis included demographic

characteristics [age, sex, race, education, family poverty

income ratio (< 1.3, 1.3-3.5, > 3.5), and body mass index
(BMI)], lifestyle (smoking status, alcohol consumption, and
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vigorous recreational activity), chronic diseases (hyperlipidemia,
hypertension, and diabetes).

The level of alcohol consumption is classified according to
the following criteria: heavy (> 3 drinks per day for female
and > 4 drinks per day for male; or binge drinking > 5 days
per month), moderate (> 2 drink per day for female and > 3
drink per day for male; or binge drinking > 2 days per month),
mild (> 1 drink per day for female and > 2 drink per day for
male), former (> 12 drinks in 1 year and did not drink last year,
or did not drink last year but drank > 12 drinks in lifetime),
never (< 12 drinks in lifetime). Adults who smoked less than
100 cigarettes in life were considered as non-smokers and those
who smoked more than 100 cigarettes were divided into former
and current smokers by whether they were still smoking now.
Hypertension was defined as systolic blood pressure > 130 mmHg
and/or diastolic blood pressure > 80 mmHg by 3 measures.
Participants who achieved one of the following conditions were
diagnosed with hyperlipidemia: triglycerides > 150 mg/dL, total
cholesterol > 200 mg/dL, low-density lipoprotein > 130 mg/dL,
high-density lipoprotein < 40 mg/dL in male (< 50 mg/dL in
female), or taking lipid-lowering drugs. The diagnostic criteria
for diabetes are as follows: glycohemoglobin HbAlc (%) > 6.5,
fasting glucose > 7.0 mmol/L, random blood glucose or 2-h OGTT
blood glucose > 11.1 mmol/L, doctor told you have diabetes, use
of diabetes medication or insulin. Participants with BMI < 18.5,
18.5-25, 25-30, > 30 were classified as underweight, normal,
overweight and obese. Dietary inflammatory index (DII) provided
a tool to compare the inflammatory potential of diets, either
anti-inflammatory or pro-inflammatory (33). Who experienced
vigorous recreational activities was defined according to the
question “In a typical week do you do any vigorous-intensity
sports, fitness, or recreational activities that cause large increases
in breathing or heart rate like running or basketball for at least
10 min continuously?”.

2.5 Statistical analyses

All statistical analyses were conducted using the R packages
survey and srvyr, accounting for the complex, multistage sampling
design of NHANES, including sampling weights, stratification,
and clustering. Continuous variables were expressed as survey-
weighted mean (standard error) and the Wilcoxon rank-sum
test was used for the comparison between groups. Categorical
variables were described by unweighted frequencies (survey-
weighted percentages) and Rao-Scott chi-square test was conducted
for the comparison.

First, we conducted univariate analysis and multivariate linear
regression to explore the association between vitamin K intake
and SII, as well as other immune inflammatory factors. Vitamin K
intake was converted into categorical variables by quartile, and four
multiple regression models were applied in this study. The crude
model was the non-adjusted model. Model 1 was slightly adjusted
for age and gender. Model 2 was adjusted for age, gender, race,
family poverty income ratio and educational level. Model 3 was a
fully adjusted model with all confounders, including age, gender,
race, family poverty income ratio, educational level, BMI, smoking
status, alcohol consumption, vigorous recreational activity, dietary
inflammatory index, hyperlipidemia, hypertension, and diabetes.
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Next, the possibility of a non-linear relationship between
vitamin K intake (continuous variable) and SII, as well as
other outcomes, was explored using restricted cubic spline.
If the relationship was found to be non-linear, the inflection
point between vitamin K intake and inflammatory markers was
calculated. Piecewise regression was then performed on both sides
of the inflection point value. Then, a stratified logistic regression
mode was used for subgroup analysis and interaction analysis
based on age, gender, ethnicity, BMI, hyperlipidemia, diabetes and
hypertension, where p-value was calculated by logistic regression
analysis and p for interaction.

The downloaded data was visualized and analyzed using the
R software version 4.3.0, and p-value < 0.05 was considered
statistically significant.

3.1 Baseline characteristics

Upon excluding participants younger than 20 and those
without data about vitamin K intake and SII, a total of 36,895
adults were enrolled in the study and the mean age was 47.76
(0.23) years. The gender distribution was roughly equal, with
48.05% male and 51.95% female. Most participants were non-
Hispanic white (n = 15,116, 65.98%). The descriptive characteristics
of the individuals by vitamin K intake quartiles (Q1: 0-39.9 mcg/d,
n =9,234; Q2: 39.9-72.1 mcg/d, n = 9,216; Q3: 72.1-131.3 mcg/d,
n = 9226; Q4:131.3-45067.1 mcg/d, n = 9219) are shown in

, and indicators such as SII and SIRI are recorded in

. Participants with higher vitamin K intake had lower
levels of SII, SIRI, SIIRI, NLR, RAR, hs-CRP, white blood
cell, neutrophil, lymphocyte, monocyte, eosinophil, and basophil.
Groups with higher vitamin K intake also tended to have higher
incomes, higher educations, and they were more likely to be
never-smokers, drink less, be more physically active and enjoy
more anti-inflammatory diet. There were no significant differences
in the prevalence of diabetes between groups, however, higher
proportions of hyperlipidemia were observed in lower vitamin K
intake groups.

3.2 Associations between vitamin K
intake and SlI, SIRI, NLR, PLR, RAR,
hs-CRP, ferritin, and white blood cell

Four regression models were designed to investigate the
correlation between vitamin K intake and immune inflammatory
factors. Vitamin K intake is significantly negatively correlated with
SIL, SIRI, SIIRL, NLR, RAR, white blood cell, neutrophil, monocyte,
and eosinophil in all four models ( ; ).

After
race, education, family poverty income ratio, BMI, smoking

multivariate adjustment including age, gender,
status, alcohol consumption, vigorous recreational activity,
hyperlipidemia, hypertension, and diabetes (Model 3), the
highest quartile significantly associated with decreased SII(B = -
28.95,95%CI: —44.33 to —13.56, p < 0.001) and the p for trend

across vitamin K intake categories reaches statistical significance
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(P trend < 0.001). When vitamin K intake is divided into quartiles,
compared to quartile 1, the § and 95%CI in model 3 of quartile
2, quartile 3 and quartile 4 were observed to be —0.05(—0.09,
0.00), —0.05(—0.09, —0.01) and —0.08(—0.12, —0.03) for SIRI
(P trend = 0.001). Similarly, the f and 95%CI in model 3 of
quartile 2, quartile 3 and quartile 4 were —15.84(—28.25, —3.43),
—17.29(—27.47, —7.11) and —24.7(—36.79, —12.61) for SIIRI
(P trend < 0.001). Compared to quartile 1, the f and 95%CI in
model 3 of quartile 2, quartile 3 and quartile 4 were —0.05(—0.10,
0.00), —0.06(—0.10, —0.02) and —0.08(—0.14, —0.03) for NLR
(P trend = 0.003). Compared to quartile 1, the p and 95%CI in
model 3 of quartile 2, quartile 3 and quartile 4 were —0.04(—0.06,
—0.02), —0.03(—0.05, —0.01) and —0.03(—0.05, —0.01) for RAR
(P trend = 0.03). Compared to quartile 1, the § and 95%CI in
model 3 of quartile 2, quartile 3 and quartile 4 were —0.12(—0.26,
0.01), —0.12(—0.22, —0.03) and —0.18(—0.29, —0.07) for white
blood cell (P trend = 0.004). Compared to quartile 1, the § and
95%CI in model 3 of quartile 2, quartile 3 and quartile 4 were
—0.14(—0.22, —0.06), —0.1(—0.17, —0.03) and —0.15(—0.23,
—0.07) for neutrophil (P trend = 0.002). Compared to quartile 1,
the B and 95%CI in model 3 of quartile 2, quartile 3 and quartile
4 were —0.01(—0.02, 0.00), —0.01(—0.02, 0.00) and —0.01(—0.02,
0.00) for monocyte (P trend = 0.03). Compared to quartile 1, the
B and 95%CI in model 3 of quartile 2, quartile 3 and quartile 4
were —0.01(—0.01, 0.00), 0(—0.01, 0.00) and —0.01(—0.02, 0.00)
for eosinophil (P trend = 0.05).

However, the inverse association between vitamin K intake and
PLR, hs-CRP, lymphocytes, or basophils become insignificant. In
the fully adjusted model, the p and 95%CI for PLR in the highest
quartile are —2.77(—5.67 to 0.13) and the p for trend is 0.04. In the
fully adjusted model, the  and 95%CI for hs-CRP in the highest
quartile are —0.28(—0.86, 0.29) and the p for trend is 0.18. In
the fully adjusted model, the B and 95%CI for lymphocytes in the
highest quartile are —0.01(—0.05, 0.03) and the p for trend is 0.4.
In the fully adjusted model, the p and 95%CI for basophils in the
highest quartile are 0(—0.01, 0.00) and the p for trend is 0.22.

Surprisingly, a positive relationship between ferritin and
vitamin K intake was observed in the crude model, but this
association was absent in the other models that are adjusted for
variables. Compared to quartile 1, the B and 95%CI in model
3 of quartile 2, quartile 3 and quartile 4 were 8.76(0.86, 16.66),
2.41(—5.06, 9.88) and 2.11(—4.24, 8.46) and the p for trend is 0.98.

3.3 The restricted cubic spline

After adjustment for multiple covariates, restricted cubic
splines showed downward trends between vitamin K intake
and SII, SIRI, SIIRI, NLR, PLR, white blood cell, neutrophil,
monocyte. The above inflammatory indicators decreased with
the increase of vitamin K intake, but reached a certain extent,
beyond which the downward trend was significantly reduced
( )-

In addition, the data revealed a J-shaped association between
vitamin K intake and hs-CRP ( ) and basophil ( ),
with inflection points at the vitamin K intake value of 212.9 and
75.1 mcg/d, respectively. And piecewise regression was performed
according to the inflection point value. The results of segmented
regression analysis showed that there was no clear correlation


https://doi.org/10.3389/fnut.2025.1625209
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Luo et al. 10.3389/fnut.2025.1625209

TABLE 1 Baseline characteristics of study population according to vitamin K intake level.

Characteristic Ql1, N =9234 | Q2, N =9,216
Age 36,895 47.76(0.23) 45.61(0.29) 47.13(0.29) 48.86(0.32) 49.03(0.36) <0.001
Gender 36,895 <0.001
Female 18,962(51.95%) 5,208(57.83%) 4,671(51.29%) 4,426(48.86%) 4,657(50.62%)
Male 17,933(48.05%) 4,026(42.17%) 4,545(48.71%) 4,800(51.14%) 4,562(49.38%)
Race 36,895 <0.001
Non-hispanic white 15,116(65.98%) 3,532(61.82%) 3,728(64.79%) 4,017(68.01%) 3,839(68.53%)
Non-Hispanic Black 8,057(10.96%) 2,306(14.22%) 1,948(11.23%) 1,810(9.35%) 1,993(9.56%)
Mexican American 5,364(8.70%) 1,532(10.13%) 1,455(9.69%) 1,380(8.89%) 997(6.46%)
Other Hispanic 3,863(6.17%) 1,054(7.11%) 1,077(6.78%) 913(5.72%) 819(5.27%)
Other Race 4,495(8.20%) 810(6.72%) 1,008(7.50%) 1,106(8.03%) 1,571(10.18%)
Family PIR 36,895 <0.001
<13 10,461(20.40%) 3,425(29.06%) 2,686(21.37%) 2,334(18.13%) | 2,016(14.61%)
1.3-35 12,650(32.18%) 3,139(33.29%) 3,365(34.51%) 3,212(33.19%) 2,934(28.27%)
> 35 10,259(39.83%) 1,736(29.69%) 2,276(36.43%) 2,790(40.98%) 3,457(50.04%)
Education 36,895 <0.001
Less than 12th grade 8,408(14.69%) 2,874(21.42%) 2,251(16.11%) 1,865(13.27%) 1,418(9.26%)
High school graduate 8,531(23.93%) 2,382(28.39%) 2,282(26.13%) 2,100(24.30%) 1,767(18.00%)
Some college or associate 11,234(31.68%) 2,658(30.90%) 2,788(32.51%) 2,919(32.16%) 2,869(31.12%)
degree
College graduate or above 8,684(29.65%) 1,308(19.21%) 1,891(25.23%) 2,331(30.22%) 3,154(41.56%)
BMI 36,531 29.21(0.08) 29.38(0.11) 29.63(0.12) 29.14(0.12) 28.77(0.13) <0.001
Hyperlipidemia 36,895 0.007
Yes 26,072(69.96%) 6,693(72.00%) 6,476(69.07%) 6,491(70.68%) 6,412(68.40%)
No 10,821(30.04%) 2,541(28.00%) 2,740(30.93%) 2,734(29.32%) 2,806(31.60%)
Hypertension 36,895 0.030
Yes 18,809(47.35%) 4,764(46.46%) 4,693(47.23%) 4,784(49.39%) 4,568(46.28%)
No 18,075(52.62%) 4,467(53.51%) 4,522(52.76%) 4,439(50.59%) 4,647(53.70%)
Diabetes 36,895 0.2
Yes 7,262(14.70%) 1,893(14.97%) 1,842(15.06%) 1,826(15.38%) 1,701(13.51%)
No 29,250(84.28%) 7,247(84.05%) 7,263(83.80%) 7,309(83.65%) | 7,431(85.46%)
Smoke 36,895 <0.001
Never 20,643(55.81%) 4,899(52.50%) 5,053(53.90%) 5,211(56.28%) 5,480(59.77%)
Former 8,934(24.88%) 1,907(19.78%) 2,257(25.11%) 2,383(26.94%) 2,387(26.90%)
Now 7,299(19.27%) 2,421(27.68%) 1,904(20.99%) 1,626(16.74%) 1,348(13.27%)
Alcohol user 36,895 <0.001
Never 4,462(9.48%) 1,362(12.24%) 1,132(10.21%) 990(8.45%) 978(7.55%)
Former 4,286(10.07%) 1,277(11.90%) 1,159(11.21%) 999(9.59%) 851(8.03%)
Mild 11,749(34.42%) 2,344(26.67%) 2,795(31.60%) 3,125(36.74%) 3,485(41.07%)
Moderate 5,401(16.74%) 1,299(16.59%) 1,313(15.76%) 1,372(17.17%) 1,417(17.31%)
Heavy 6,799(20.27%) 1,879(22.83%) 1,804(22.05%) 1,634(18.69%) 1,482(18.09%)
(Continued)
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TABLE 1 (Continued)

Characteristic N1 Ql1, N =9.234 | Q2, N =9,216

(22%)? PZAL
VRA 36,893 8,190(26.65%) 1,544(20.74%) 1,824(23.17%) 2,093(26.23%) | 2,729(34.95%) <0.001
DII 36,895 <0.001
Anti-inflammation 8,021(24.40%) 303(3.88%) 1,041(12.85%) 2,258(25.74%) | 4,419(50.09%)
Pro-inflammation 28,874(75.60%) 8,931(96.12%) 8,175(87.15%) 6,968(74.26%) | 4,800(49.91%)

N not Missing (unweighted). 2Mean(SE); n (unweighted) (%). 3Wilcoxon rank-sum test for complex survey samples; chi-squared test with Rao & Scott’s second-order correction. Data
are presented as unweighted counts (n) and survey-weighted percentages (%) for categorical variables, and as survey-weighted means with standard errors (SE) for continuous variables.
All comparisons accounted for the NHANES complex sampling design. family PIR, family poverty income ratio; BMI, Body Mass Index; VRA, vigorous recreational activities; DII, Dietary
inflammatory index. The median (range) of dietary vitamin K intakes for each quartile is as follows: Q1: 25 (0-39.9) mcg/d; Q2: 54.6(39.9-72.1) mcg/d; Q3: 95.5(72.1-131.3) mcg/d; Q4:
212.5(131.3-45067.1) mcg/d. Values in bold indicate statistically significant differences (P < 0.05).

TABLE 2 Immune inflammatory factors of study population according to vitamin K intake level.

Characteristic NE

SII 36,895 536.09 (3.36) 557.89 (5.00) 537.12 (5.63) 536.07 (4.86) 517.42 (4.92) <0.001
SIRI 36,895 1.28 (0.01) 1.31(0.02) 1.27 (0.02) 1.30 (0.01) 1.23(0.01) <0.001
SIIRI 36,895 316.39 (2.78) 335.45 (4.44) 317.03 (5.07) 318.20 (3.83) 298.57 (3.91) <0.001
NLR 36,895 2.20 (0.01) 221 (0.02) 2.19 (0.02) 2.21(0.02) 2.16 (0.02) 0.045
PLR 36,895 123.77 (0.52) 123.78 (0.79) 123.32 (0.86) 123.69 (0.79) 124.23 (0.86) 0.6

RAR 36,199 3.17 (0.01) 3.22(0.01) 3.17 (0.01) 3.16 (0.01) 3.13 (0.01) <0.001
ferritin 15,806 122.86 (1.89) 107.89 (2.79) 121.88 (2.67) 130.75 (3.31) 129.13 (3.44) <0.001
hs-CRP 16,343 3.90 (0.10) 467 (0.29) 4.07 (0.15) 3.65 (0.14) 3.46 (0.21) <0.001
WBC 36,895 7.33(0.03) 7.61 (0.05) 7.39 (0.05) 7.31 (0.04) 7.09 (0.04) <0.001
Neut 36,895 4.34(0.02) 4.54 (0.04) 436 (0.03) 4.34(0.03) 4.18 (0.03) <0.001
Lym 36,895 2.17 (0.01) 224 (0.01) 2.22 (0.04) 2.14(0.01) 2.11(0.02) <0.001
MO 36,895 0.57 (0.00) 0.58 (0.00) 0.57 (0.00) 0.57 (0.00) 0.56 (0.00) <0.001
EOS 36,895 0.20 (0.00) 0.20 (0.00) 0.20 (0.00) 0.20 (0.00) 0.19 (0.00) <0.001
BAS 36,895 0.05 (0.00) 0.05 (0.00) 0.05 (0.00) 0.05 (0.00) 0.05 (0.00) <0.001

N not Missing (unweighted), 2Mean(SE), *Wilcoxon rank-sum test for complex survey samples. Data are presented as unweighted counts (n) and survey-weighted percentages (%) for
categorical variables, and as survey-weighted means with standard errors (SE) for continuous variables. All comparisons accounted for the NHANES complex sampling design. SII, systemic
immune-inflammation index; SIRI, systemic inflammation response index; SIIRI, systemic immune-inflammation response index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-
to-lymphocyte ratio; RAR, red blood cell distribution width-to-albumin ratio; hs-CRP, high-sensitivity C-reactive protein; WBC, white blood cell; Neut, neutrophil; Lym, lymphocyte;
MO, monocyte; EOS, eosinophil; BAS, basophil. The median (range) of dietary vitamin K intakes for each quartile is as follows: Q1: 25 (0-39.9) mcg/d; Q2: 54.6(39.9-72.1) mcg/d; Q3:
95.5(72.1-131.3) mcg/d; Q4: 212.5(131.3-45067.1) mcg/d. Values in bold indicate statistically significant differences (P < 0.05).

between hs-CRP and vitamin K intake before or after the inflection
point. When the vitamin K intake level was lower than the
inflection point, the basophil showed a downward trend with the
increase of intake, but this association no longer existed when
vitamin K intake levels were above 75.1 mcg/d. There was an
L-type association between vitamin K intake and RAR (Figure 2C),
and when the average daily intake of vitamin K was less than
237.7 mcg/d, RAR showed a significant decreasing trend with the
increase of vitamin K, and when it exceeded 237.7 mcg/d, RAR no
longer decreased (Table 4; Supplementary Table 2).

3.4 Subgroup analysis

It was found that the reduction of various inflammatory
indicators was not consistently associated with increased vitamin

Frontiers in Nutrition

K intake levels (Supplementary Table 3) in certain subgroups and
several results were not statistically significant.

The data revealed a stronger negative correlation between
vitamin K intake and SII, SIIRI, NLR, PLR in people over 60 years
of age, although the interaction test was not significant. In men,
there was a more significant negative association between vitamin
K intake and SII, SIRI, SIIRI, NLR, white blood cell, neutrophil,
eosinophil, basophil. In women, only PLR was negatively correlated
with vitamin K intake. However, the interaction tests were not
distinct on age, sex, ethnicity, BMI, hyperlipidemia, diabetes,
and hypertension on the negative correlation between SII, NLR,
PLR, lymphocyte, and vitamin K. In hyperlipidemia patients, only
SII, SIIRI, PLR, and eosinophil were negatively correlated with
vitamin K intake, and in DM patients, only basophil was negatively
correlated with vitamin K intake (p for interaction = 0.005). In
hypertensive patients, only eosinophil was negatively correlated
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TABLE 3 Multivariate regression analyses of associations between vitamin K intake and SlI, SIRI, SIIRI, NLR, white blood cell, neutrophil, monocyte.

Sl Crude model Model 1 Model 2 Model 3

Vitamin K B(95%Cl) B(95%Cl) B(95%Cl) B(95%Cl)

intake

Ql Reference Reference Reference Reference

Q2 —20.76 (—33.92, —7.61) 0.002 —20.23 (—33.34, —7.13) 0.003 —23.05 (—36.66, —9.43) 0.001 —19.82 (—33.82, —5.81) 0.01
Q3 —21.82 (—33.18, —10.46) <0.001 —22.56 (—33.94, —11.17) <0.001 —25.97 (—37.90, —14.03) <0.0001 —20.79 (—32.99, —8.59) 0.001
Q4 —40.46 (—53.40, —27.53) <0.0001 —42.09 (—54.71, —29.46) <0.0001 —40.19 (—53.41, —26.96) <0.0001 —28.95 (—44.33, —13.56) <0.001
p for trend <0.0001 <0.0001 <0.0001 <0.001
SIRI ‘ Crude model Model 1 Model 2 Model 3

Vitamin K j B (95%CI) j B (95%ClI) B (95%ClI)

intake

Q1 ‘ Reference Reference Reference Reference

Q2 —0.04 (—0.08, 0.01) 0.11 —0.06 (—0.10, —0.02) 0.01 —0.06 (—0.10, —0.01) 0.01 —0.05 (—0.09, 0.00) 0.04
Q3 —0.01 (—0.05, 0.02) 0.50 —0.05 (—0.09, —0.02) 0.003 —0.05 (—0.09, —0.02) 0.005 —0.05 (—0.09,-0. —01) 0.01
Q4 —0.08 (—0.11, —0.04) <0.0001 —0.12 (—0.15, —0.08) <0.0001 -0.09 (—0.13, —0.06) <0.0001 —0.08 (—0.12, —0.03) <0.001
p for trend <0.001 <0.0001 <0.0001 0.001
Vitamin K B (95%CI) B (95%CI) B (95%ClI) B (95%CI)

intake

Ql Reference Reference Reference

Q2 —18.42 (—30.47, —6.37) 0.003 —20.78 (—32.79, —8.77) <0.001 —20.26 (—32.75, =7.77) 0.002 —15.84 (—28.25, —3.43) 0.01
Q3 —17.25 (—27.23,-7.27) <0.001 —21.74 (—31.78, —11.71) <0.0001 —21.59 (—31.86, —11.33) <0.0001 —17.29 (—27.47, —7.11) 0.001
Q4 —36.88 (—47.03, —26.73) <0.0001 —41.37 (—51.51, —31.22) <0.0001 —35.12 (—45.71, —24.53) <0.0001 —24.7 (—36.79, —12.61) <0.001
p for trend <0.0001 <0.0001 <0.0001 <0.001

(Continued)
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TABLE 3 (Continued)

NLR Crude model Model 1 Model 2 Model 3

Vitamin K B (95%Cl) B (95%Cl) B (95%CI) P B (95%Cl)

intake

Q1 Reference Reference Reference Reference

Q2 —0.02 (—0.07,0.03) 0.46 —0.04 (—0.09, 0.01) 0.10 —0.05 (—0.10, 0.00) 0.04 —0.05 (—0.10, 0.00) 0.06
Q3 0 (—0.04,0.04) 0.93 —0.04 (—0.08, 0.00) 0.04 —0.06 (—0.10, —0.01) 0.01 —0.06 (—0.10, —0.02) 0.01
Q4 —0.05 (—0.09,0.00) 0.03 —0.09 (=0.13, —0.05) <0.0001 —0.09 (=0.13, —0.04) <0.001 —0.08 (—0.14, —0.03) 0.003
p for trend 0.05 <o 0001 <0.001 0.003
WBC Crude model Model 1 Model 2 Model 3

Vitamin K j B (95%CI) j B (95%ClI) B (95%ClI)

intake

Q1 ‘ Reference Reference Reference Reference

Q2 —0.22 (—0.36, —0.08) 0.002 —0.2 (—0.33, —0.06) 0.005 —0.16 (—0.30, —0.02) 0.02 —0.12 (—0.26,0.01) 0.07
Q3 —0.3 (—0.40, —0.21) <0.0001 —0.26 (—0.36, —0.17) <0.0001 —0.19 (=0.29, —0.10) <0.001 —0.12 (—0.22, —0.03) 0.01
Q4 —0.52 (—0.63, —0.42) <0.0001 —0.49 (~0.59, —0.38) <0.0001 —0.35 (—0.45, —0.24) <0.0001 —0.18 (—0.29, —0.07) 0.002
p for trend <0.0001 <0.0001 <0.0001 0.004
Neut Crude model Model 1 Model 2 Model 3

Vitamin K B (95%CI) P B (95%CI) P B (95%ClI) P B (95%CI)

intake

Q1 Reference Reference Reference

Q2 —0.18 (—0.27, —0.09) <0.0001 —0.17 (~0.25, —0.08) <0.001 —0.15 (~0.24, —0.07) <0.001 —0.14 (—0.22, —0.06) 0.001
Q3 —0.19 (—0.27,-0.12) <0.0001 —0.17 (~0.25, —0.10) <0.0001 —0.15 (=0.22, —0.07) <0.001 —0.1(—0.17, —0.03) 0.004
Q4 —0.36 (—0.44, —0.28) <0.0001 —0.34 (—0.42, —0.26) <0.0001 —0.26 (—0.34, —0.18) <0.0001 —0.15 (—0.23,-0.07) <0.001
p for trend <0.0001 <o 0001 <0.0001 0.002
MO Crude model Model 1 Model 2 Model 3

Vitamin K B (95%Cl) B (95%Cl) (95%CI) B (95%Cl)

intake

Q1 Reference Reference Reference Reference

Q2 —0.01 (70.02, 0.00) 0.02 —0.02 (70.03, —0.01) 0.001 —0.01 (70.02, 0.00) 0.01 —0.01 (—0.02, 0.00) 0.05
Q3 —0.01 (—0.02, 0.00) 0.08 —0.02 (—0.02,-0.01) <0.001 —0.01 (—0.02, 0.00) 0.02 —0.01 (—0.02, 0.00) 0.09
Q4 —0.02 (—0.03, —0.01) <0.0001 —0.03 (~0.04, —0.02) <0.0001 —0.02 (=0.03, —0.01) <0.0001 —0.01 (—0.02, 0.00) 0.01
p for trend <0.0001 <0.0001 <0.001 0.03

SII, systemic immune-inflammation index; SIRI, systemic inflammation response index; SIIRI, systemic immune-inflammation response index; NLR, neutrophil-to-lymphocyte ratio; WBC, white blood cell; Neut, neutrophil; MO, monocyte. The median (range) of
dietary vitamin K intakes for each quartile is as follows: Q1: 25 (0-39.9) mcg/d; Q2: 54.6 (39.9-72.1) mcg/d; Q3: 95.5 (72.1-131.3) mcg/d; Q4: 212.5 (131.3-45067.1) mcg/d. Values in bold indicate statistically significant differences (P < 0.05).
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FIGURE 2

The restricted cubic spline between vitamin K and hs-CRP(A), BAS(B), RAR(C). Adjusted for age, gender, race, family poverty income ratio,
educational level, BMI, smoking status, alcohol consumption, vigorous recreational activity, dietary inflammatory index, hyperlipidemia,
hypertension, and diabetes. The red curve represents the fitted RCS curve. The light red shaded area indicates the 95% confidence interval for the
estimates. BAS, basophil; hs-CRP, high-sensitivity C- reactive protein; RAR, red blood cell distribution width-to-albumin ratio.

with vitamin K intake, which was statistically significant (p for
interaction = 0.063). The interaction analysis revealed that diabetes
exhibited a correlation with the relationship between vitamin K
intake and ferritin, basophil, while hyperlipidemia was associated
with the relationship between vitamin K intake and hs-CRP, and
hypertension demonstrated a correlation with the relationship
between vitamin K intake and ferritin.

4 Discussion

In the present study, the association between vitamin K intake
and various cellular immune inflammation markers was explored
within a large and random sample of American adults. To the
best of current knowledge, this is the first attempt to assess the
relationship between vitamin K intake and blood inflammation
using the NHANES database. The results manifested that vitamin
K intake had a negative relationship with SII, SIRI, SIIRI, NLR,
leukocytes, neutrophils, and monocytes.

SII, SIRI and SIIRI, as novel biomarkers that integrate various
leukocyte subsets, were recently devised to assess the balance
between inflammation and immune response, which have great
potential in clinical settings (34, 35). SII and SIRI were higher in
patients diagnosed with acute coronary syndrome (ACS) compared
to those with stable coronary artery disease (CAD) (18). And
elevated SII or SIIRI was associated with poor cardiovascular
prognosis in patients with CAD (35, 36). NLR is also an emerging
marker in inflammatory diseases (37). NLR is independently
correlated with CAD severity and 3-year outcomes (38) and has
a better ability to predict in-hospital death after NSTEMI (39).
A significant correlation between NLR and the survival rate was
observed in Amyotrophic lateral sclerosis (ALS) patients, and
increased NLR at diagnosis was associated with poorer survival
outcomes. NLR was a risk factor for the low survival rate of ALS
patients and a faster rate of disease progression was associated
with a higher NLR value (40-42). RAR, another easy, economical
predictor, has been shown to be associated with clinical outcomes
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in patients with diabetic retinopathy (43), respiratory distress
syndrome (32), and burns (44).

Vitamin K exists in various isoforms, primarily distinguished
by two structures: phylloquinone (vitamin K1) and menaquinones
(vitamin K2), both of which serve as cofactors for the y-glutamyl
carboxylase enzyme. The menaquinone (MK) family is further
divided into multiple isoforms, designated as MK-n, where n stands
for the number of isoprene residues. Vitamin K2 accounts for 10-
25% of total dietary vitamin K intake (45). Vitamin K1 exhibits a
half-life of approximately 3 h, and only 10-15% of it is absorbed
by the body. In contrast, MK-7 has a half-life of around 72 h
and can persist in circulation for up to 144 h, with more efficient
absorption (46). While vitamin K1 is preferentially retained in
the liver to assist in the carboxylation of clotting factors, vitamin
K2, particularly the long-chain derivatives, is redistributed into
circulation and becomes available for extrahepatic tissues, such
as bone and blood vessels (47). Vitamin K2 can also act as a
mitochondrial electron carrier, effectively improving mitochondrial
dysfunction and enhancing ATP production (48). In 2010, Yusuke
Ohsaki with his colleagues have shown that vitamin K can suppress
the lipopolysaccharide-induced inflammation via the inhibition
of the activation of nuclear factor kappa B(NF-kB) through the
repression of IKKa/B phosphorylation (49). In this study, all
vitamin K forms (K1, MK3, MK4 and MK7) were found to suppress
Interleukin-6 (IL-6) mRNA expression. NF-kB is one of the most
important regulators of proinflammatory gene expression, and the
activation of NF-kB promotes the production of inflammatory
factors such as IL-1, IL-6, IL-8, and TNF-a (50). Vitamin K has been
shown to inhibit the NF-kB signaling pathway, thereby reducing
the production of inflammatory factors and potentially preventing
vascular calcification (51). The carboxylation of Matrix Gla Protein
(MGP) by vitamin K results in its high-affinity calcium binding,
which in turn inhibits vascular calcification (52). Both Vitamin K1
and vitamin K2 are beneficial for neurocognitive functions via the
regulation of sphingolipid metabolism (53, 54). Studies have shown
that different forms of vitamin K2 (MK-4 and MK-7) can suppress
the production of proinflammatory cytokines such as TNF-a, IL-
18, and IL-6, thereby reducing neuroinflammation in different
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types of glial cells (55). Another investigation showed that not only
MK but also vitamin K1 may play protective roles in endothelial
function, cell senescence and vascular inflammation (56). The
vasoprotective effect of vitamin K1 could be attributed either to
vitamin K1 itself or to the action of MK that is formed from vitamin
K1. The inhibitory effect of vitamin K1 and MK on inflammatory
markers was consistent with the effects on the activation of the
NF-kB pathway. High levels of the reduced form of vitamin K
can reduce ferroptosis by inhibiting lipid peroxidation and help
protect cells from oxidative stress by increasing the expression of
antioxidant enzymes (57). This provides a possible explanation
for the positive correlation between vitamin K and ferritin in
the crude model. The role of vitamin K on gastrointestinal
health has also attracted more and more attention, as it can
alleviate intestinal inflammation, regulate microbial metabolites,
and improve intestinal flora (58).

Despite a growing body of research investigating the
relationship between vitamin K intake and inflammatory
markers, the findings have been inconsistent. Kristensen M
et al conducted a double-blind, randomized crossover study
involving 31 postmenopausal women and observed that, although
phylloquinone supplementation resulted in a reduction in IL-6
levels (from 1.99 to 1.63 pg/mL) but did not reach statistical
significance (59). Moreover, although the mean CRP concentration
was significantly lower after the phylloquinone intervention
when considering all participants, this significance was lost
when applying a cutoff value of 10 mg/l. In contrast, an inverse
association between vitamin K status and IL-6 was observed in
one community-based cohort by measuring plasma phylloquinone
and phylloquinone intake (60). A cross-sectional and longitudinal
study with 568 elderly subjects at high cardiovascular risk found
that an increased intake of phylloquinone was associated with
significant improvements in inflammatory markers (such as IL-6
and TNF) (61), thereby supporting the protective effect of vitamin
K against low-grade chronic inflammatory diseases. However, in
another study involving 662 participants, Shea MK et al found that
serum phylloquinone levels exhibited a negative correlation with
IL-6 and CRP, whereas dietary phylloquinone intake did not show
a significant association with these inflammatory markers (62).
Furthermore, Nakajima S et al observed a significant correlation
between vitamin K deficiency and clinical disease activity in
patients with Crohn’s disease (63). The discrepancies in these
study findings may stem from differences in the health status
of the study subjects, sample size, measurement methods, and
the degree of control for confounding factors. Overall, these
studies highlight the complexity of the relationship between
vitamin K and inflammatory markers in different populations.
The present study, drawing data from the NHANES database,
revealed an inverse association between vitamin K intake and
several inflammatory biomarkers, albeit not all. This correlation
suggests that higher vitamin K intake may be linked to a reduced
inflammatory status, potentially implicating vitamin K in the
regulation of inflammation. Moreover, these findings indicate that
vitamin K intake could be associated with a lower risk of chronic
inflammatory diseases and mortality.

Based on bilateral knee radiographs and MRI scans obtained at
baseline and 30-month follow-up, as well as plasma phylloquinone
concentrations obtained at baseline, Misra D et al found that
subclinical vitamin K deficiency was associated with an increased
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risk of developing knee osteoarthritis (64). Later, Shea M K et al also
found out that participants with very low plasma phylloquinone
were more likely to have worsening of articular cartilage damage
and meniscal damage at 3 years of follow-up (65). Lower vitamin K
level was associated with lower ventilatory capacity, and with higher
risk of lung disease/symptoms (66). Severe vitamin K deficiency in
hospitalized patients with COVID-19 infection was related to poor
outcome (67). Baseline vitamin K deficiency may be associated with
disease progression or increased mortality, but there are also studies
suggesting that inflammation-induced vitamin K depletion during
infection may be the most important cause of vitamin K deficiency
in COVID-19 patients (68).

The current recommended daily intake of vitamin K ranges
from 55 to 120 pg/day (69), which can be obtained from healthy
diets rich in fruits and vegetables and dietary supplements. But
our data revealed that 37.78% of people still consumed less than
the minimum recommended dose of vitamin K. Second, it is
still unclear whether this dosage supply meets physiological needs
unrelated to blood clotting, such as maintaining healthy bones,
brain, and blood vessels. In one NHANES data analysis, high
intakes of dietary vitamin K may reduce the risk of HPV infection.
From the non-linear relationship between dietary vitamin K and
HPV infection, the authors recommended a dietary vitamin K
intake of more than 14.03 pg (70). The data in the present
study also showed that when the vitamin K content exceeded a
certain level, certain inflammatory indicators tended to stabilize,
while other inflammatory indicators may increase accordingly,
such as hs-CRP and BAS. The analysis revealed a non-linear
association between vitamin K intake and hs-CRP, basophil count,
and RAR. The inflection points were observed at 212.9 and
75.1 mcg/d for hs-CRP and basophil count, respectively, while an
L-shaped relationship was found with RAR at an inflection point
of 237.7 mcg/d of vitamin K intake. It suggested that a vitamin
K intake of approximately 237.7 mcg/d may lead to stabilization
of inflammatory markers, indicating a potential reference value
for clinical supplementation levels. However, further research is
required. Whether excessive vitamin K increases the risk of chronic
inflammation or whether inflammation causes high vitamin K
consumption still needs to be further confirmed in clinical trials.

In the study, borderline p-values for trends were observed for
certain outcomes. In model 3, vitamin K intake in the third and
fourth quartiles exhibited a significant or nearly significant negative
association with PLR. Trend analysis disclosed a significant
inverse relationship between vitamin K intake and PLR (p for
trend = 0.04), indicating that PLR might decline as vitamin K
intake rises. Nevertheless, this relationship was not evident in the
other models. The restricted cubic spline plot demonstrated that
the decline in PLR gradually lessened with increasing vitamin K
intake, suggesting a potential threshold effect of vitamin K intake.
Specifically, its influence on PLR seems to reach a stable state after
a certain intake level is attained. In both the crude model and
Model 1, a significant negative trend relationship was observed
between vitamin K intake and hs-CRP levels. In Model 2, this trend
relationship persisted, yet it did not reach statistical significance.
In Model 3, this trend relationship was no longer significant. This
indicates that after further adjustment for variables, the relationship
between vitamin K intake and hs-CRP level became insignificant,
suggesting that it may be influenced by other variables. Although
hs-CRP is a widely utilized marker, the effect of vitamin K might
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be manifested in other more specific inflammatory pathways
or markers, such as IL-6, TNF-a, or other cytokines. To fully
comprehend the anti-inflammatory effect of vitamin K, more
potential factors and mechanisms still need to be explored.

Compared to previous studies based on the NHANES database
or population studies, this research exhibited certain differences. It
encompassed a longer time frame and was not limited to middle-
aged and elderly individuals. This resulted in a larger sample
size, a broader age range, and a more diverse racial composition,
thereby enhancing the representativeness and generalizability
of the findings. The use of the AMPM method for dietary
assessment enhanced reliability over traditional Food Frequency
Questionnaire. Unlike other studies that primarily focused on
inflammatory markers such as IL-6 and TNE this research
involved more readily available indicators and incorporated new
inflammatory calculation indices, such as SIIRI. This study did
not confine its investigation to specific conditions or diseases
but rather broadly examined the potential connections between
vitamin K intake and various inflammatory factors. The study
suggested a potential dose-response relationship between vitamin K
and inflammation, providing a new theoretical perspective. Results
indicated a negative correlation between dietary vitamin K and
certain inflammatory factors, highlighting the complexity of their
relationship and the need for further investigation into vitamin K’s
role across different inflammation indicators.

The study involved 14 inflammatory biomarkers, expanding the
understanding of the anti-inflammatory and immunomodulatory
effects of vitamin K. It must be acknowledged that there are some
limitations in this study. This study relied on 24-h dietary recall
interviews and did not accurately reflect long-term vitamin K
intake in participants. It is acknowledged that reliance on a single
day of assessment may not fully capture the habitual variation in
vitamin K consumption. Meanwhile, recall bias, which is caused
by factors such as memory bias, social expectation bias, and
dietary diurnal variability, may result in an underestimation or
overestimation of the intake of certain foods or nutrients. Given
the limitations of dietary assessment methods in cross-sectional
studies, there is a recognized need for more robust approaches.
Future work with longer-term dietary assessments is warranted.
Vitamin K is not measured in all types of foods, in other words,
the food composition list may be incomplete, especially vitamin
K2. Vitamin K2 exhibits a longer half-life in circulation and
superior absorption compared to vitamin K1, with MK-7 being the
most bioavailable among the various MKs (47). There is growing
evidence suggesting that the role of vitamin K2 differs from that of
vitamin K1 (71). While vitamin K1 primarily supports coagulation
function, vitamin K2 plays a more significant role in maintaining
bone health and cardiovascular wellbeing. However, the data in this
study did not differentiate between vitamin K1 and vitamin K2.
There are individual differences in vitamin K absorption, and their
intake does not reflect actual vitamin K status. Vitamin K1 is the
plant-based phylloquinone, which is found in green leafy vegetables
and vegetable oils. Its intake is intrinsically combined with health-
conscious dietary patterns and lifestyle factors, which are also
known to exert anti-inflammatory effects. Although the markers in
this study have the potential for clinical applications, their accuracy
and reliability may require extensive data for further validation.
However, this study did not investigate additional biomarkers
such as tumor necrosis factor and interleukin. The association
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between vitamin K and tumor necrosis factor and other indicators
could be further explored in future clinical studies. A cross-
sectional study design is not possible to make causal inferences
about the relationship between vitamin K and blood inflammatory
markers. Inflammation could lead to changes in dietary behaviors
that result in lower vitamin K intake or could directly affect
vitamin K metabolism, potentially lowering vitamin K levels in
the blood. The study design does not allow us to determine
whether the observed association is due to vitamin K influencing
inflammation or inflammation influencing vitamin K levels. This
bidirectional relationship complicates the interpretation of the
findings. Future research should consider longitudinal studies or
randomized controlled trials to better address this issue. The study
did not consider the synergistic effects or interactions of vitamin K
with other vitamins (e.g., A, B, C, D) or drugs (e.g., folic acid).

5 Conclusion

In conclusion, the results indicated a negative association
between vitamin K intake and SII, SIRI, SIIRI, NLR, leukocytes,
neutrophils, and monocytes. This suggested a potential link
between vitamin K and inflammation regulation. However, given
the cross-sectional nature of the study, causality cannot be
established. Vitamin K may play a role in the development of
chronic inflammation. Further prospective studies are needed
to explore the potential role of vitamin K supplementation in
modifying inflammation.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary material, further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by Institutional
Review Board of the National Center for Health Statistics. The
studies were conducted in accordance with the local legislation and
institutional requirements. Written informed consent was obtained
from each participant.

Author contributions
WL: Conceptualization, Data curation, Investigation,

Methodology, Software, Writing — original draft, Writing — review
& editing. DY: Conceptualization, Data curation, Investigation,

References

1. Franceschi C, Campisi J. Chronic inflammation (Inflammaging) and its potential
contribution to age-associated diseases. ] Gerontol Ser A Biol Sci Med Sci. (2014)
69:54-9. doi: 10.1093/gerona/glu057

Frontiers in Nutrition

12

10.3389/fnut.2025.1625209

Methodology, Software, Writing — original draft, Writing - review
& editing. KZ: Data curation, Methodology, Software, Supervision,
Writing - review & editing. LZ: Supervision, Writing — review &
editing. YW: Funding acquisition, Writing - review & editing. QG:
Conceptualization, Data curation, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work was funded by
the Medical Science and Technology Project of Zhejiang Province
(Grant No. 2022KY576).

Acknowledgments

Wen-Jiao Luo and Dong Ye are co-first authors for this study.
The authors thank the participants of the NHANES databases.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Generative Al was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnut.2025.
1625209/full#supplementary-material

2. Frasca D, Blomberg B. Inflammaging decreases adaptive and innate immune
responses in mice and humans. Biogerontology. (2016) 17:7-19. doi: 10.1007/s10522-
015-9578-8

frontiersin.org


https://doi.org/10.3389/fnut.2025.1625209
https://www.frontiersin.org/articles/10.3389/fnut.2025.1625209/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2025.1625209/full#supplementary-material
https://doi.org/10.1093/gerona/glu057
https://doi.org/10.1007/s10522-015-9578-8
https://doi.org/10.1007/s10522-015-9578-8
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Luo et al.

3. Fard M, Savage K, Stough C. Peripheral inflammation marker relationships to
cognition in healthy older adults - A systematic review. Psychoneuroendocrinology.
(2022) 144:105870. doi: 10.1016/j.psyneuen.2022.105870

4. Slaney C, Sallis H, Jones H, Dardani C, Tilling K, Munafo M, et al. Association
between inflammation and cognition: Triangulation of evidence using a population-
based cohort and mendelian randomization analyses. Brain Behav Immun. (2023)
110:30-42. doi: 10.1016/j.bbi.2023.02.010

5. Berkner K. The Vitamin K-dependent carboxylase. Annu Rev Nutr. (2005)
25:127-49. doi: 10.1146/annurev.nutr.25.050304.092713

6. Kaesler N, Schurgers L, Floege J. Vitamin K and cardiovascular complications in
chronic kidney disease patients. Kidney Int. (2021) 100:1023-36. doi: 10.1016/j.kint.
2021.06.037

7. Welsh ], Bak M, Narvaez C. New insights into vitamin K biology with relevance
to cancer. Trends Mol Med. (2022) 28:864-81. doi: 10.1016/j.molmed.2022.07.002

8. Palermo A, Tuccinardi D, D’Onofrio L, Watanabe M, Maggi D, Maurizi A, et al.
Vitamin K and osteoporosis: Myth or reality? Metab Clin Exp. (2017) 70:57-71. doi:
10.1016/j.metabol.2017.01.032

9. Vlasschaert C, Goss C, Pilkey N, McKeown S, Holden R. Vitamin K
supplementation for the prevention of cardiovascular disease: Where is the evidence?
A systematic review of controlled trials. Nutrients. (2020) 12:2909. doi: 10.3390/
nul2102909

10. Mladenka P, Macakova K, Kujovska Krcmova L, Javorska L, Mrstna K, Carazo A,
etal. Vitamin K - sources, physiological role, kinetics, deficiency, detection, therapeutic
use, and toxicity. Nutr Rev. (2022) 80:677-98. doi: 10.1093/nutrit/nuab061

11. Card D, Gorska R, Harrington D. Laboratory assessment of vitamin K status. J
Clin Pathol. (2020) 73:70-5. doi: 10.1136/jc1inpath—2019—205997

12. Wang Y, Yang W, Liu L, Liu L, Chen ], Duan L, et al. Vitamin K2 (Mk-7)
attenuates Lps-induced acute lung injury via inhibiting inflammation, apoptosis, and
ferroptosis. PLoS One. (2023) 18:€0294763. doi: 10.1371/journal.pone.0294763

13. El-Sherbiny M, Atef H, Helal G, Al-Serwi R, Elkattawy H, Shaker G,
et al. Vitamin K2 (Mk-7) intercepts Keap-1/Nrf-2/Ho-1 pathway and hinders
inflammatory/apoptotic signaling and liver aging in naturally aging rat. Antioxidants
(Basel, Switzerland). (2022) 11:2150. doi: 10.3390/antiox11112150

14. Eggebrecht L, Prochaska J, Schulz A, Arnold N, Jiinger C, Gébel S, et al. Intake
of Vitamin K antagonists and worsening of cardiac and vascular disease: Results from
the population-based gutenberg health study. ] Am Heart Assoc. (2018) 7:¢008650.
doi: 10.1161/jaha.118.008650

15. Calder P, Ahluwalia N, Albers R, Bosco N, Bourdet-Sicard R, Haller D, et al.
A consideration of biomarkers to be used for evaluation of inflammation in human
nutritional studies. Br ] Nutr. (2013) 109:S1-34. doi: 10.1017/S0007114512005119

16. Hu B, Yang X, Xu Y, Sun Y, Sun C, Guo W, et al. Systemic immune-inflammation
index predicts prognosis of patients after curative resection for hepatocellular
carcinoma. Clin Cancer Res. (2014) 20:6212-22. doi: 10.1158/1078-0432.Ccr-14-0442

17. Qi Q, Zhuang L, Shen Y, Geng Y, Yu S, Chen H, et al. A novel systemic
inflammation response index (Siri) for predicting the survival of patients with
pancreatic cancer after chemotherapy. Cancer. (2016) 122:2158-67. doi: 10.1002/cncr.
30057

18. Dziedzic E, Gasior J, Tuzimek A, Paleczny ], Junka A, Dabrowski M,
et al. Investigation of the associations of novel inflammatory biomarkers-systemic
inflammatory index (Sii) and systemic inflammatory response index (Siri)-with the
severity of coronary artery disease and acute coronary syndrome occurrence. Int ] Mol
Sci. (2022) 23:9553. doi: 10.3390/ijms23179553

19. Larsen M, Skov V, Kjaer L, Eickhardt-Dalboge C, Knudsen T, Kristiansen
M, et al. Neutrophil-to-lymphocyte ratio and all-cause mortality with and without
myeloproliferative neoplasms-a danish longitudinal study. Blood Cancer J. (2024)
14:28. doi: 10.1038/s41408-024-00994-2

20. Nost T, Alcala K, Urbarova I, Byrne K, Guida F, Sandanger T, et al. Systemic
inflammation markers and cancer incidence in the UK Biobank. Eur J Epidemiol.
(2021) 36:841-8. doi: 10.1007/s10654-021-00752-6

21. Gong P, Liu Y, Gong Y, Chen G, Zhang X, Wang S, et al. The association
of neutrophil to lymphocyte ratio, platelet to lymphocyte ratio, and lymphocyte to
monocyte ratio with post-thrombolysis early neurological outcomes in patients with
acute ischemic stroke. ] Neuroinflammation. (2021) 18:51. doi: 10.1186/s12974-021-
02090-6

22. Wang R, Wen W, Jiang Z, Du Z, Ma Z, Lu A, et al. The clinical value of
neutrophil-to-lymphocyte ratio (Nlr), systemic immune-inflammation index (Sii),
platelet-to-lymphocyte ratio (Plr) and systemic inflammation response index (Siri) for
predicting the occurrence and severity of pneumonia in patients with intracerebral
hemorrhage. Front Immunol. (2023) 14:1115031. doi: 10.3389/fimmu.2023.1115031

23.Ni Q, Wang X, Wang J, Chen P. The red blood cell distribution width-albumin
ratio: A promising predictor of mortality in heart failure patients - A cohort study. Clin
Chim Acta Int J Clin Chem. (2022) 527:38-46. doi: 10.1016/j.cca.2021.12.027

24.Hao M, Jiang S, Tang J, Li X, Wang S, Li Y, et al. Ratio of red blood cell
distribution width to albumin level and risk of mortality. JAMA Netw Open. (2024)
7:¢2413213. doi: 10.1001/jamanetworkopen.2024.13213

Frontiers in Nutrition

13

10.3389/fnut.2025.1625209

25. Ahluwalia N, Dwyer J, Terry A, Moshfegh A, Johnson C. Update on nhanes
dietary data: Focus on collection, release, analytical considerations, and uses to inform
public policy. Adv Nutr. (2016) 7:121-34. doi: 10.3945/an.115.009258

26. Yang H, Wang X, Xi X, Xia Y, Jiang M, Zuo H. Effect modification of the
association between vitamin B2 intake and diabetes mellitus by sex: Findings from
the national health and nutrition examination survey 2013-2020. Front Nutr. (2024)
11:1510096. doi: 10.3389/fnut.2024.1510096

27. Zhang Y, Tan W, Xi X, Yang H, Zhang K, Li S, et al. Association between Vitamin
K intake and depressive symptoms in US adults: Data from the national health and
nutrition examination survey (Nhanes) 2013-2018. Front Nutr. (2023) 10:1102109.
doi: 10.3389/fnut.2023.1102109

28. Centers for and Prevention. National Health and Nutrition Examination Survey:
Mec in-Person Dietary Interviewers Procedures Manual. Scotts Valley, CA: CreateSpace
Independent Publishing Platform (2016).

29. CDC. National Health and Nutrition Examination Survey: Phone Follow-up
Dietary Interviewer Procedures Manual. Atlanta: CDC (2016).

30. Centers for and Prevention. National Health and Nutrition Examination Survey:
Mec Laboratory Procedures Manual. Scotts Valley, CA: CreateSpace Independent
Publishing Platform (2017).

31. Mangalesh S, Dudani S, Mahesh N. Development of a novel inflammatory index
to predict coronary artery disease severity in patients with acute coronary syndrome.
Angiology. (2024) 75:231-9. doi: 10.1177/00033197231151564

32.Yo0 J, Ju S, Lee S, Cho Y, Lee J, Kim H. Red cell distribution width/albumin
ratio is associated with 60-day mortality in patients with acute respiratory distress
syndrome. Infect Dis. (2020) 52:266-70. doi: 10.1080/23744235.2020.1717599

33. Shivappa N, Steck S, Hurley T, Hussey J, Hébert J. Designing and developing a
literature-derived, population-based dietary inflammatory index. Public Health Nutr.
(2014) 17:1689-96. doi: 10.1017/s1368980013002115

34. Islam M, Satici M, Eroglu S. Unraveling the clinical significance and prognostic
value of the neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, systemic
immune-inflammation index, systemic inflammation response index, and delta
neutrophil index: An extensive literature review. Turk ] Emerg Med. (2024) 24:8-19.
doi: 10.4103/tjem.tjem_198_23

35.Li Y, Bai G, Gao Y, Guo Z, Chen X, Liu T, et al. The systemic immune
inflammatory response index can predict the clinical prognosis of patients with initially
diagnosed coronary artery disease. ] Inflammation Res. (2023) 16:5069-82. doi: 10.
2147/ir.5432506

36. Gao Y, Li Y, Chen X, Wu C, Guo Z, Bai G, et al. The systemic inflammation index
predicts poor clinical prognosis in patients with initially diagnosed acute coronary
syndrome undergoing primary coronary angiography. J Inflammation Res. (2023)
16:5205-19. doi: 10.2147/jir.S435398

37. Buonacera A, Stancanelli B, Colaci M, Malatino L. Neutrophil to lymphocyte
ratio: An emerging marker of the relationships between the immune system and
diseases. Int ] Mol Sci. (2022) 23:3636. doi: 10.3390/ijms23073636

38. Arbel Y, Finkelstein A, Halkin A, Birati E, Revivo M, Zuzut M, et al.
Neutrophil/lymphocyte ratio is related to the severity of coronary artery disease and
clinical outcome in patients undergoing angiography. Atherosclerosis. (2012) 225:456-
60. doi: 10.1016/j.atherosclerosis.2012.09.009

39.Ji Z, Liu G, Guo ], Zhang R, Su Y, Carvalho A, et al. The neutrophil-to-
lymphocyte ratio is an important indicator predicting in-hospital death in ami patients.
Front Cardiovasc Med. (2021) 8:706852. doi: 10.3389/fcvm.2021.706852

40. Cotet C, Alarcan H, Hérault O, Corcia P, Vourc’h P, Andres C, et al. Neutrophil to
lymphocyte ratio as a prognostic marker in amyotrophic lateral sclerosis. Biomolecules.
(2023) 13:1689. doi: 10.3390/biom13121689

41. Wei Q, Hou Y, Zhang L, Ou R, Cao B, Chen Y, et al. Neutrophil-to-lymphocyte
ratio in sporadic amyotrophic lateral sclerosis. Neural Regeneration Res. (2022) 17:875-
80. doi: 10.4103/1673-5374.322476

42. Grassano M, Manera U, De Marchi F, Cugnasco P, Matteoni E, Daviddi M, et al.
The role of peripheral immunity in Als: A population-based study. Ann Clin Transl
Neurol. (2023) 10:1623-32. doi: 10.1002/acn3.51853

43.Fu W, Hu E Xu C. Association between red blood cell distribution
width/albumin ratio and all-cause mortality or cardiovascular diseases mortality in
patients with diabetic retinopathy: A cohort study. PLoS One. (2023) 18:¢0296019.
doi: 10.1371/journal.pone.0296019

44, Seo Y, Yu ], Park ], Lee N, Lee ], Park J, et al. Red cell distribution width/albumin
ratio and 90-day mortality after burn surgery. Burns Trauma. (2022) 10:tkab050.
doi: 10.1093/burnst/tkab050

45. Beulens ], Booth S, van den Heuvel E, Stoecklin E, Baka A, Vermeer C. The role
of menaquinones (Vitamin K(2)) in human health. Br J Nutr. (2013) 110:1357-68.
doi: 10.1017/S0007114513001013

46. Akbulut A, Pavlic A, Petsophonsakul P, Halder M, Maresz K, Kramann R, et al.
Vitamin K2 needs an Rdi separate from vitamin K1. Nutrients. (2020) 12:1582. doi:
10.3390/nu12061852

47. Halder M, Petsophonsakul P, Akbulut A, Pavlic A, Bohan F, Anderson E,
et al. Vitamin K: Double bonds beyond coagulation insights into differences between

frontiersin.org


https://doi.org/10.3389/fnut.2025.1625209
https://doi.org/10.1016/j.psyneuen.2022.105870
https://doi.org/10.1016/j.bbi.2023.02.010
https://doi.org/10.1146/annurev.nutr.25.050304.092713
https://doi.org/10.1016/j.kint.2021.06.037
https://doi.org/10.1016/j.kint.2021.06.037
https://doi.org/10.1016/j.molmed.2022.07.002
https://doi.org/10.1016/j.metabol.2017.01.032
https://doi.org/10.1016/j.metabol.2017.01.032
https://doi.org/10.3390/nu12102909
https://doi.org/10.3390/nu12102909
https://doi.org/10.1093/nutrit/nuab061
https://doi.org/10.1136/jclinpath-2019-205997
https://doi.org/10.1371/journal.pone.0294763
https://doi.org/10.3390/antiox11112150
https://doi.org/10.1161/jaha.118.008650
https://doi.org/10.1017/S0007114512005119
https://doi.org/10.1158/1078-0432.Ccr-14-0442
https://doi.org/10.1002/cncr.30057
https://doi.org/10.1002/cncr.30057
https://doi.org/10.3390/ijms23179553
https://doi.org/10.1038/s41408-024-00994-z
https://doi.org/10.1007/s10654-021-00752-6
https://doi.org/10.1186/s12974-021-02090-6
https://doi.org/10.1186/s12974-021-02090-6
https://doi.org/10.3389/fimmu.2023.1115031
https://doi.org/10.1016/j.cca.2021.12.027
https://doi.org/10.1001/jamanetworkopen.2024.13213
https://doi.org/10.3945/an.115.009258
https://doi.org/10.3389/fnut.2024.1510096
https://doi.org/10.3389/fnut.2023.1102109
https://doi.org/10.1177/00033197231151564
https://doi.org/10.1080/23744235.2020.1717599
https://doi.org/10.1017/s1368980013002115
https://doi.org/10.4103/tjem.tjem_198_23
https://doi.org/10.2147/jir.S432506
https://doi.org/10.2147/jir.S432506
https://doi.org/10.2147/jir.S435398
https://doi.org/10.3390/ijms23073636
https://doi.org/10.1016/j.atherosclerosis.2012.09.009
https://doi.org/10.3389/fcvm.2021.706852
https://doi.org/10.3390/biom13121689
https://doi.org/10.4103/1673-5374.322476
https://doi.org/10.1002/acn3.51853
https://doi.org/10.1371/journal.pone.0296019
https://doi.org/10.1093/burnst/tkab050
https://doi.org/10.1017/S0007114513001013
https://doi.org/10.3390/nu12061852
https://doi.org/10.3390/nu12061852
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Luo et al.

vitamin K1 and K2 in health and disease. Int ] Mo Sci. (2019) 20:896. doi: 10.3390/
1jms20040896

48. Vos M, Esposito G, Edirisinghe J, Vilain S, Haddad D, Slabbaert J, et al. Vitamin
K2 Is a mitochondrial electron carrier that rescues Pinkl deficiency. Science. (2012)
336:1306-10. doi: 10.1126/science.1218632

49. Ohsaki Y, Shirakawa H, Miura A, Giriwono P, Sato S, Ohashi A, et al. Vitamin
K suppresses the lipopolysaccharide-induced expression of inflammatory cytokines in
cultured macrophage-like cells via the inhibition of the activation of nuclear factor Kb
through the repression of Ikka/B phosphorylation. ] Nutr Biochem. (2010) 21:1120-6.
doi: 10.1016/j.jnutbio.2009.09.011

50. Tak P, Firestein G. Nf-Kappab: A key role in inflammatory diseases. J Clin Invest.
(2001) 107:7-11. doi: 10.1172/JCI11830

51. Shioi A, Morioka T, Shoji T, Emoto M. The inhibitory roles of vitamin
K in progression of vascular calcification. Nutrients. (2020) 12:583. doi: 10.3390/
nul2020583

52. Roumeliotis S, Dounousi E, Salmas M, Eleftheriadis T, Liakopoulos V. Vascular
calcification in chronic kidney disease: The role of vitamin K- dependent matrix gla
protein. Front Med. (2020) 7:154. doi: 10.3389/fmed.2020.00154

53. Ferland G. Vitamin K, an emerging nutrient in brain function. Biofactors. (2012)
38:151-7. doi: 10.1002/biof.1004

54. Denisova N, Booth S. Vitamin K and sphingolipid metabolism: Evidence to date.
Nutr Rev. (2005) 63:111-21. doi: 10.1111/j.1753-4887.2005.tb00129.x

55. Popescu A, German M. Vitamin K2 holds promise for Alzheimer’s prevention
and treatment. Nutrients. (2021) 13:2206. doi: 10.3390/nu13072206

56. Kieronska-Rudek A, Kij A, Bar A, Kurpinska A, Mohaissen T, Grosicki M,
et al. Phylloquinone improves endothelial function, inhibits cellular senescence, and
vascular inflammation. Geroscience. (2024) 46:4909-35. doi: 10.1007/s11357-024-
01225-w

57. Nuszkiewicz J, Sutkowy P, Wréblewski M, Pawlowska M, Wesolowski R,
Wréblewska J, et al. Links between vitamin K, ferroptosis and Sars-Cov-2 infection.
Antioxidants. (2023) 12:733. doi: 10.3390/antiox12030733

58. Lai Y, Masatoshi H, Ma Y, Guo Y, Zhang B. Role of Vitamin K in intestinal health.
Front Immunol. (2021) 12:791565. doi: 10.3389/fimmu.2021.791565

59. Kristensen M, Kudsk J, Bugel S. Six weeks phylloquinone supplementation
produces undesirable effects on blood lipids with no changes in inflammatory and
Fibrinolytic markers in postmenopausal women. Eur ] Nutr. (2008) 47:375-9. doi:
10.1007/s00394-008-0737-4

60. Shea M, Booth S, Massaro J, Jacques P, D’Agostino R, Dawson-Hughes B, et al.
Vitamin K and vitamin D status: Associations with inflammatory markers in the

Frontiers in Nutrition

14

10.3389/fnut.2025.1625209

framingham offspring study. Am J Epidemiol. (2008) 167:313-20. doi: 10.1093/aje/
kwm306

61. Juanola-Falgarona M, Salas-Salvado J, Estruch R, Portillo M, Casas R, Miranda
J, et al. Association between dietary phylloquinone intake and peripheral metabolic
risk markers related to insulin resistance and diabetes in elderly subjects at high
cardiovascular risk. Cardiovasc Diabetol. (2013) 12:7. doi: 10.1186/1475-2840-12-7

62. Shea M, Cushman M, Booth S, Burke G, Chen H, Kritchevsky S. Associations
between vitamin K status and haemostatic and inflammatory biomarkers in
community-dwelling adults. The multi-ethnic study of atherosclerosis. Thromb
Haemost. (2014) 112:438-44. doi: 10.1160/TH13-12-1003

63. Nakajima S, lijima H, Egawa S, Shinzaki S, Kondo J, Inoue T, et al. Association
of vitamin K deficiency with bone metabolism and clinical disease activity in
inflammatory bowel disease. Nutrition. (2011) 27:1023-8. doi: 10.1016/j.nut.2010.10.
021

64. Misra D, Booth S, Tolstykh I, Felson D, Nevitt M, Lewis C, et al. Vitamin K
deficiency is associated with incident knee osteoarthritis. Am J Med. (2013) 126:243-8.
doi: 10.1016/j.amjmed.2012.10.011

65. Shea M, Kritchevsky S, Hsu E Nevitt M, Booth S, Kwoh C, et al. The association
between vitamin K status and knee osteoarthritis features in older adults: The health,
aging and body composition study. Osteoarthritis Cartilage. (2015) 23:370-8. doi:
10.1016/j.joca.2014.12.008

66. Jespersen T, Kampmann E, Dantoft T, Jorgensen N, Karhus L, Madsen E et al. The
association of vitamin K status with lung function and disease in a general population.
ERJ Open Res. (2023) 9:208-2023. doi: 10.1183/23120541.00208-2023

67. Dofferhoff A, Piscaer I, Schurgers L, Visser M, van den Ouweland J, de Jong
P, et al. Reduced vitamin K status as a potentially modifiable risk factor of severe
coronavirus disease 2019. Int ] Infect Dis. (2021) 73:e4039-46. doi: 10.1093/cid/
ciaal258

68. Visser M, Walk J, Vermeer C, Bilkova S, Janssen R, Mayer O. Enhanced vitamin
K expenditure as a major contributor to vitamin K deficiency in covid-19. Int J Infect
Dis. (2022) 125:275-7. doi: 10.1016/}.ijid.2022.10.030

69. Kazmierczak-Baranska ], Karwowski B. Vitamin K contribution to DNA
damage-advantage or disadvantage? A human health response. Nutrients. (2022)
14:4219. doi: 10.3390/nu14204219

70. Jiang Y, Xu S, Lan J, Zhang J, Chen T. Dietary vitamin K intake and Hpv-
infection status among American women: A secondary analysis from national health
and nutrition examination survey data from 2003 to 2016. Int ] Public Health. (2022)
67:1604616. doi: 10.3389/ijph.2022.1604616

71. Schwalfenberg G. Vitamins K1 and K2: The emerging group of vitamins required
for human health. ] Nutr Metab. (2017) 2017:6254836. doi: 10.1155/2017/6254836

frontiersin.org


https://doi.org/10.3389/fnut.2025.1625209
https://doi.org/10.3390/ijms20040896
https://doi.org/10.3390/ijms20040896
https://doi.org/10.1126/science.1218632
https://doi.org/10.1016/j.jnutbio.2009.09.011
https://doi.org/10.1172/JCI11830
https://doi.org/10.3390/nu12020583
https://doi.org/10.3390/nu12020583
https://doi.org/10.3389/fmed.2020.00154
https://doi.org/10.1002/biof.1004
https://doi.org/10.1111/j.1753-4887.2005.tb00129.x
https://doi.org/10.3390/nu13072206
https://doi.org/10.1007/s11357-024-01225-w
https://doi.org/10.1007/s11357-024-01225-w
https://doi.org/10.3390/antiox12030733
https://doi.org/10.3389/fimmu.2021.791565
https://doi.org/10.1007/s00394-008-0737-4
https://doi.org/10.1007/s00394-008-0737-4
https://doi.org/10.1093/aje/kwm306
https://doi.org/10.1093/aje/kwm306
https://doi.org/10.1186/1475-2840-12-7
https://doi.org/10.1160/TH13-12-1003
https://doi.org/10.1016/j.nut.2010.10.021
https://doi.org/10.1016/j.nut.2010.10.021
https://doi.org/10.1016/j.amjmed.2012.10.011
https://doi.org/10.1016/j.joca.2014.12.008
https://doi.org/10.1016/j.joca.2014.12.008
https://doi.org/10.1183/23120541.00208-2023
https://doi.org/10.1093/cid/ciaa1258
https://doi.org/10.1093/cid/ciaa1258
https://doi.org/10.1016/j.ijid.2022.10.030
https://doi.org/10.3390/nu14204219
https://doi.org/10.3389/ijph.2022.1604616
https://doi.org/10.1155/2017/6254836
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

	Associations between vitamin K and systemic immune and inflammation biomarkers: a population-based study from the NHANES (2007–2020)
	1 Introduction
	2 Materials and methods
	2.1 Study population
	2.2 Assessment of vitamin K intake
	2.3 Definition of SII and other inflammatory markers
	2.4 Selection of covariates
	2.5 Statistical analyses

	3 Results
	3.1 Baseline characteristics
	3.2 Associations between vitamin K intake and SII, SIRI, NLR, PLR, RAR, hs-CRP, ferritin, and white blood cell
	3.3 The restricted cubic spline
	3.4 Subgroup analysis

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


	Button1: 
	Button2: 


