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Background: The effect of vitamin K is associated with several pathological 
processes in fatty liver. However, the association between vitamin K levels and 
metabolic dysfunction-associated fatty liver disease (MAFLD) remains unclear.

Objective: Here, we investigated the relationship between vitamin K intake and 
MAFLD risk by employing the American National Health and Nutrition Examination 
Surveys (NHANES) including 3,571 participants.

Methods: MAFLD was defined as hepatic steatosis with one or more of the 
following: overweight or obesity, type 2 diabetes, or >2 other metabolic risk 
abnormalities. The total vitamin K was the sum of dietary and supplement dietary 
intake. The relationship of between log10(vitamin K) and MAFLD was investigated 
using survey-weighted logistic regression and stratified analysis, with or without 
dietary supplementation.

Results: The MAFLD population had a lower vitamin K intake than the non-MAFLD 
population (p = 0.024). Vitamin K levels were inversely associated with MAFLD in 
the fully adjusted model (OR = 0.488, 95% CI: 0.302–0.787, p = 0.006). Consistent 
results were seen in the group without dietary supplements (OR = 0.373, 95% CI: 
0.186–0.751, p = 0.009) but not in the group consuming dietary supplements 
(OR = 0.489, 95% CI: 0.238–1.001, p = 0.050).

Conclusion: Vitamin K intake may be a protective factor for MAFLD, especially 
for individual not using dietary supplements. Nevertheless, more high-quality 
prospective studies are needed to clarify the causal relationship between them.
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1. Introduction

Fatty liver is a rapidly progressive chronic liver disease with an 
estimated global prevalence of 24% (1) and approximately 1/3 of 
adults in the United States have a fatty liver (2). Nonalcoholic fatty 
liver disease (NAFLD) is the hepatic manifestation of metabolic 
syndrome, a spectrum of diseases ranging from benign hepatic 
steatosis to nonalcoholic steatohepatitis that may progress to 
cirrhosis and liver cancer (3). In 2020, a classification of metabolic 
dysfunction-associated fatty liver disease (MAFLD) was proposed 
based on the diagnosis of hepatic steatosis, while incorporating 
other markers of metabolic abnormalities such as insulin-resistance, 
high-sensitivity reactive protein, and other metabolic risk factors for 
pathological progression (4, 5). Ultrasound is a pragmatic and 
widely accepted first-line examination that has good sensitivity 
(85%) and specificity (95%) in identifying moderate and severe 
steatosis. Since liver fibrosis may increase liver echogenicity, the 
presence of underlying chronic liver disease reduces the accuracy of 
liver fat assessment. To overcome the limitations of ultrasound in 
assessing low hepatic steatosis levels, more advanced ultrasound 
techniques have been developed. Controlled Attenuation Parameter 
(CAP), available on the FibroScan system (Echosens, France), 
measures the attenuation of the United States beam (6). CAP uses 
ultrasound and vibration-controlled elastography to measure the 
ultrasound attenuation degree due to liver fat (7). Meanwhile, owing 
to the lack of effective therapeutics and efficient policies to evaluate 
the prevalence of MAFLD, the economic burden of healthcare in the 
United  States is expected to increase. It is important to define 
appropriate interventions and prevent serious complications 
regarding MAFLD.

In recent years, studies have shown that the formation and 
development of fatty liver are a combination of multiple factors that 
ultimately lead to liver damage, including insulin resistance, 
adipokines secretion, oxidative stress, lipid peroxidation, 
mitochondrial damage, endoplasmic reticulum stress, gut 
microbiota, innate immunity, and genetic and epigenetic 
mechanisms (8–10). On the other hand, vitamins are micronutrients 
vital to health and they have previously been identified as new 
potential targets for indirect therapy for MAFLD (11). Several 
studies have linked liver disease to vitamin deficiencies, and vitamin 
supplementation may protect liver tissue by reducing insulin 
resistance, lipid peroxidation, and fatty acid synthesis, and improving 
hepatic steatosis (12–14). Studies have shown that vitamin K 
deficiency occurs in many pathological conditions (e.g., liver disease, 
cholestasis, cystic fibrosis, alcoholism, malabsorptive states, and 
bariatric surgical interventions) (15, 16), and that vitamin K 
supplementation affects the immune system, anti-inflammation, gut 
microbes and their metabolites, antioxidants and coagulation, and 

epithelial development (17, 18). These effects are associated with 
several pathological processes in fatty liver; therefore, vitamin K may 
have a protective effect against the occurrence and progression 
of MAFLD.

Little is known about the role of vitamin K in lipid metabolism. 
Although one study described a positive association between 
concentrations in adipose tissue (19), studies exploring the association 
between vitamin K and MAFLD are lacking, and the association 
between vitamin K and MAFLD remains unexplored. Therefore, in 
the current study, we investigated the relationship between vitamin K 
levels and the risk of MAFLD by employing the American National 
Health and Nutrition Examination Surveys (NHANES).

2. Materials and methods

2.1. Data source and study sample

The data were collected by the United States Centers for Disease 
Control and Prevention (CDC) using a stratified, multistage, and 
probability-cluster design. The Ethics Review Board of the National 
Center for Health Statistics approved the NHANES protocol and 
informed consent was obtained from all participants (20). All data 
can be freely downloaded from the NHANES website.1 NHANES 
2017–2018 is the only publicly available survey database for liver 
fibrosis assessment by FibroScan® and it has been used in studies of 
MAFLD (21). The initial sample size was 9,254 people from 2017 to 
2018. We excluded subjects younger than 20 years old (n = 3,685), 
viral hepatitis (n = 50), pregnancy (n = 54), the incomplete diagnostic 
indicators for MAFLD (n = 489), and missing a mean of two 24 h 
recall dietary data for vitamin K (n = 1,040), body mass index (BMI, 
n = 51), alanine aminotransferase (ALT, n = 260), aspartate 
aminotransferase (AST, n = 13), C-reactive protein (CRP, n = 12), and 
minutes sedentary activity (n = 29). Finally, 3,571 participants were 
included in this study. The details are shown in 
Supplementary Figure S1.

2.2. Dietary intake data and supplement 
dietary intake date

Dietary intake data and dietary supplement intake were obtained 
from two 24 h-recall interviews with NHANES. The first interview was 
arranged face-to-face at the Mobile Examination Center (MEC) and 
the second interview was conducted by telephone 3–10 days later. 
Energy and nutrient intake for each food or beverage were calculated 
using the Food and Nutrient Database for Dietary Studies (FNDDS). 
In this study, dietary intake and dietary supplement intake were 
estimated using the mean of two 24-recall data points, and the total 
energy and nutrients were the sum of the dietary intake and dietary 
supplement intake. Another, study showed that was no significant 
difference in the energy intake reported in the first and second 
interviews (22), therefore, this was considered a good intake dataset 
to determine the average dietary intake for each individual.

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

Abbreviations: MFALD, Metabolic dysfunction-associated fatty liver disease; NAFLD, 

Non-alcoholic fatty liver disease; NHANES, National Health and Nutrition 

Examination Surveys; DGA, Dietary Guidelines for Americans; CDC, Centers for 

Disease Control and Prevention; HEI, Healthy Eating index; CRP, C-reactive protein; 

AST, Aspartate aminotransferase; ALT, Alanine aminotransferase; SE, Standard 

error; BMI, body mass index; LSM, Liver stiffness measurements; DM, Diabetes 

mellitus; TC, Cholesterol; TG, Triglycerides; LDL, Low-density lipoprotein; HDL, 

High-density lipoprotein.
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2.3. Diagnosis of MAFLD

MAFLD was defined as hepatic steatosis with one or more of the 
following: (1) overweight or obesity (body mass index ≥ 25 kg/m2); (2) 
type 2 diabetes; or (3) two or more other metabolic risk abnormalities: 
(1) blood pressure ≥ 130/85 mmHg or specific drug treatment; (2) 
overweight or obesity (body mass index ≥ 25 kg/m2); (3) plasma high-
density lipoprotein-cholesterol < 40 mg/dL for men and <50 mg/dL for 
women or specific drug treatment; (4) plasma triglycerides ≥ 150 mg/
dL or specific drug; (5) homeostasis model assessment of insulin 
resistance score ≥ 2.5; (6) prediabetes (fasting glucose 100–125 mg/dL 
or hemoglobin A1c (HA1c) 5.7%–6.4%); and (7) plasma CPR 
level > 2 mg/L (21).

Hepatic steatosis was defined by CAP, and the steatosis was 
stratified as S0-S3. The thresholds of CAP for S1-S3 were 248, 268, and 
280, respectively (6). Hepatic fibrosis was defined by liver stiffness 
measurements, and the stiffness was stratified as F1-4, and the LSM 
for F1-4 were 6.3, 8.3, 10.5, and 12.5, respectively (23). Significant 
steatosis and stiffness were diagnosed as a grade greater than S1 and 
F1. In this study, participants with a fasting time of <3 h, less than 10 
complete LSM readings, or a liver stiffness interquartile (IQR) range/
median LSM of more than 30% were deemed to have failed FibroScan® 
measurements and were excluded (21).

2.4. Other covariates

2.4.1. Demographic characteristics
Self-reported demographic variables included age (years), sex 

(men/women), race (Mexican American, other Hispanic, 
non-Hispanic white, non-Hispanic black, non-Hispanic Asian, or 
other races, including multiracial), and educational level (<11th grade, 
high school graduate, some college education, college graduate, 
or above).

2.4.2. Body measurement
Trained health technicians obtained various body measurements 

including height, and weight at the MEC. BMI was calculated using 
weight and height information. The formula used is as follows:

 
BMI kg

m
weight kg height m2

2







 = ( ) ÷ ( )

2.4.3. Biochemical indicators
Serum samples were processed, stored, and shipped to the 

University of Minnesota Advanced Research Diagnostic Laboratory 
(ARDL) in Minneapolis for analysis (24). Regarding biochemical 
indicators, AST, ALT, TC (cholesterol), TG (triglycerides), LDL 
(low-density lipoprotein), HDL (high-density lipoprotein), and CRP 
were included in the regression analysis as covariates.

2.4.4. Lifestyle
The Smoking-Cigarette Use (variable name prefix SMQ) dataset 

provides a history of cigarette use. Smoking status was classified as 
never smoker (never smoked 100 cigarettes in a lifetime), some days, 
or every day Alcohol use was assessed using the dietary interview 
Total Nutrient Intakes, First Day (DR1TOT_J). Minute sedentary 

activity was assessed using the Physical Activity Questionnaire 
(variable name prefix PAQ). The Global Physical Activity 
Questionnaire (GPAQ) provides respondent-level interview data on 
physical activity.

2.5. Diseases and medications

The diagnostic criteria for hypertension included: the patient 
being informed by a doctor that they have hypertension, 
SBP ≥ 140 mmHg or DBP ≥ 90 mmHg. The diagnostic criteria for 
diabetes mellitus (DM) are: doctor told you have diabetes, or fasting 
glucose (mmol/l) ≥7.0, or random blood glucose (mmol/L) ≥ 11.1, or 
glycohemoglobin HbA1c (%) > 6.5, or 2-h OGTT blood glucose 
(mmol/L) ≥ 11.1, or use of diabetes medication or insulin. Drug 
information (told to take prescription for cholesterol) used the Blood 
Pressure/Cholesterol section (variable name prefix BPQ) in 
the NHANES.

2.6. Healthy eating index-2015

Healthy eating index (HEI)-2015 was designed and scored from 
0 to 100, which was derived from the sum of 13 components: total 
fruits, whole fruits, total vegetables, greens and beans, total protein 
foods, seafood and plant proteins (each 0–5 points); whole grains, 
dairy, fatty acids, sodium, refined grains, added sugars, and saturated 
fats (each 0–10 points) (25). A higher HEI-2015 score indicated better 
diet quality. In this study, the HEI-2015 was calculated using the mean 
of two 24 h recalls.

2.7. Statistical methods

The sampling weights recommended by NHANES for the planned 
oversampling of specific groups were used in this study. All analyses 
were sample-weighted and accounted for the complex stratified, 
multistage, cluster sampling design of NHANES (26, 27). For 
continuous variables, the survey-weighted median ± standard error 
was used, and the p-value was calculated by the survey-weighted 
linear regression. For categorical variables, the survey-weighted 
percentage (standard error) was used, and the p-value was calculated 
by the survey-weighted Chi-square test.

Because vitamin K values had a negatively skewed distribution, 
they were converted to base 10 log values to conform to a normal 
distribution. The relationship between log vitamin K and MAFLD was 
explored using the survey-weighted logistic regression. Model 1 was 
unadjusted. Model 2 was adjusted for age, sex, and race. Model 3 was 
adjusted for age, sex, race, education, smoking, alcohol, BMI, CRP, 
AST, ALT, minutes of sedentary activity, drug, energy, HEI-2015, 
dietary supplements, drugs, hypertension, and DM. To better explore 
the association between log vitamin K and MAFLD, multivariable 
logistic regression was conducted with log vitamin K as the categorical 
variable, and we divided log vitamin K quartiles. Then, we fitted a 
linear relationship between log vitamin K and MAFLD by smoothing 
the curve. Finally, we used stratified logistic regression models for 
interaction analysis and used restricted cubic splines to estimate the 
dose–response relationship between log vitamin K intake and MAFLD.
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Additional sensitivity analyses were performed to determine: (1) 
collinearity between vitamin K and other variables by the variance 
inflation factor (VIF) and (2) extreme vitamin K values that were 
lower 1% and greater than 99%.

All analyses were performed using R software, version 4.0.3 
(R Foundation for Statistical Computing, Vienna, Austria). A 
two-sided p-value < 0.05 was considered significant for all analyses.

3. Results

3.1. Characteristics in a sex-specific MAFLD 
population

The general characteristics of the participants are shown in 
Table 1. The MAFLD population had lower vitamin K intake than the 
non-MAFLD population (123.113 ± 4.635 vs. 145.064 ± 7.759, 
p = 0.024). Compared with the non-MAFLD population, age, BMI, 
ALT, CRP, TC, TG, LDL, HDL, energy, the proportion of Mexican 
Americans, DM, and hypertension were higher in the MAFLD 
population, while the proportion of higher education was lower.

3.2. The relationship of log vitamin K and 
MAFLD

We used restricted cubic splines to estimate the dose–response 
relationship between log vitamin K intake and MAFLD. The results 
showed a nonlinear relationship between log vitamin K and MAFLD 
(Figure 1). The log vitamin K inflection point was approximately 2.00 
(equal to vitamin K intake of 100 μg), and log vitamin K was a 
protective factor for MAFLD after the inflection. In a continuous log 
vitamin K variable, log vitamin K was negatively correlated with 
MAFLD (OR = 0.462, 95% CI: 0.277–0.796, p = 0.006) after adjusting 
for other control factors in the multivariate regression analysis. 
Compared with the Q1 quartile of the log vitamin K population, the 
Q4 quartile had a significantly different MAFLD prevalence in model 
3 (OR = 0.488, 95% CI: 0.302–0.787, p = 0.006). p-values for trends 
were significant in all three models (Table 2). Furthermore, as shown 
in Supplementary Tables S1, S2, TG was negatively correlated with log 
vitamin K (β = −0.027, 95% CI: −0.041– −0.013, p < 0.001) and 
positively correlated with MAFLD (OR = 2.384, 95%CI: 2.392–3.367, 
p < 0.001); conversely, HDL was positively correlated with log vitamin 
K (β = 0.132, 95% CI: 0.082–0.182, p < 0.001) and negative correlated 
with MAFLD (OR = 0.164, 95%CI: 0.115–0.232, p < 0.001).

3.3. Subgroup analysis

We divided the population into those with and without dietary 
supplements. In those who did not take dietary supplements, we found 
that log vitamin K was a protective factor for MAFLD, regardless of 
the adjustment for other covariates (p < 0.05). In model 3, compared 
with the Q1 (≤1.75, equal to <56 μg), the Q4 (>2.21, equal to >162 μg) 
population had a lower risk of MAFLD (OR = 0.373, 95% CI: 0.186–
0.751, p = 0.009). Among those who consumed dietary supplements, 
although log vitamin K was found to be a protective factor for MAFLD 
in model 1 and model 2 (p < 0.05), the relationship between log 

vitamin K and MAFLD was not statistically significant in model 3 
(OR = 0.489, 95% CI: 0.238–1.001, p = 0.050). The details are given in 
Table 3.

We also analyzed other subgroups and found that in the 
population aged <40 or 40–65 years, men and women, BMI < 30 kg/
m2, HEI-2015 ≤ 50 or > 58, energy ≤1,641 or > 2,358 kcal, non-DM or 
DM, and non-hypertension, the log vitamin K was negatively 
associated with the prevalence of MAFLD (p < 0.05). These potential 
factors did not interact with log vitamin K values in the prevalence of 
MAFLD. The details are provided in Supplementary Figure S2.

3.4. Sensitivity analysis

We performed a series of sensitivity analyses to assess the 
robustness of the findings. Collinearity diagnostics showed that 
vitamin K did not have collinearity with other variables (all VIF < 10) 
in multivariate regression models, regardless of sex 
(Supplementary Table S3). After replacing the extremes of vitamin K 
intake, the correlation between log vitamin K and MAFLD in models 
1, 2, and 3 was consistent with the findings in Table 2, showing good 
model stability in this study (Supplementary Table S4).

4. Discussion

Studies have shown that vitamins are essential trace elements 
involved in various biological functions, and the processes of their 
metabolism, storage, and activation occur in the liver (28); therefore, 
liver diseases are usually associated with vitamin disorders. Metabolic 
fatty liver disease is characterized by hepatic steatosis combined with 
one or more metabolic abnormalities. In this study, fatty liver 
degeneration was defined by CAP. Compared with conventional 
ultrasound, CAP can detect a milder degree of steatosis and has a 
good correlation with liver biopsy being used for steatosis detection 
(6). Although the number of patients diagnosed with MAFLD is 
similar to the number of patients with NAFLD (29), the risk of 
cirrhosis and liver cancer is more likely to be higher in people with 
MAFLD because they have higher liver enzyme levels and more 
diseases—related to glucose and lipid metabolism (30). To the best of 
our knowledge, this is the first study to explore the relationship 
between vitamin K intake from diet and dietary supplements and 
MAFLD. The results showed that compared with the non-MAFLD 
population, vitamin K intake was lower in the MAFLD population 
(123.113 ± 4.635 μg vs. 145.064 ± 7.759 μg). Higher vitamin K intake 
could lower the risk of MAFLD, compared to the population with a 
vitamin K intake of ≤56.23 μg (equal to log vitamin K ≤ 1.75), there 
was a 50% risk of MAFLD in the population with a vitamin K intake 
of >162.18 μg (equal to log vitamin K > 2.21), which was 40% in the 
population without dietary supplements intake.

Vitamin K is a lipophilic micronutrient divided into 
phylloquinone and menaquinone (31). In humans, the dietary intake 
of phylloquinone comes mainly from vegetables and vegetable oils, 
while menaquinone comes from animal products and bacterially 
fermented foods (32). Vitamin K was first known for its role in blood 
clotting, but it can also regulate inflammation, and reduce oxidation 
(33, 34). Ferroptosis is regulated by multiple cellular metabolic 
events, including redox homeostasis, iron handling, mitochondrial 
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activity, and metabolism of amino acids, lipids, and sugars (35). 
Recent studies have found that the vitamin K cycle can protect cells 
against detrimental lipid peroxidation and ferroptosis (36). In 
animal experiments, it was found that vitamin K supplementation 
can downregulate the glycosylated blood glucose protein and insulin 
resistance in diabetic rats (37), and reduce body fat accumulation 
and serum triglyceride (TRG) levels in obese rats (38). Population 
trials have found that increased dietary intake of vitamin K appears 

to be associated with a lower incidence of DM (39, 40). Vitamin K 
administration in mice fed a high-fat diet can significantly increase 
Gla-Gas6 protein levels, upregulate AMPK phosphorylation state, 
and reduce SREBP1 and PPARα expression. Therefore, it is 
speculated that the mechanism of vitamin K on lipid metabolism 
may be  mediated by the activation of Gas6 protein (41), then 
regulating AMPK SREBP1/FAS and PPARα/CPT1A/UCP2 signaling 
cascades in hepatic lipid metabolism, thereby maintaining 

TABLE 1 Characteristics of participants by categories of MAFLD: NHANES 2017–2018.

Characteristics (weighted) Total Non-MAFLD MAFLD p-value

N 3,571 1,479 2,052

Vitamin K (μg) 132.939 ± 4.519 145.064 ± 7.759 123.113 ± 4.635 0.024

Log vitamin K 1.975 ± 0.014 2.003 ± 0.017 1.952 ± 0.017 0.017

Energy (kcal) 2091.696 ± 21.263 2030.246 ± 25.442 2141.495 ± 27.386 0.004

Age (years) 48.500 ± 0.681 44.229 ± 0.831 51.962 ± 0.699 <0.0001

BMI (kg/m2) 29.896 ± 0.294 25.845 ± 0.310 33.178 ± 0.330 <0.0001

ALT (u/L) 23.170 ± 0.410 19.414 ± 0.615 26.214 ± 0.692 <0.0001

AST (u/L) 22.252 ± 0.285 21.506 ± 0.598 22.857 ± 0.503 0.176

CRP 3.819 ± 0.188 2.515 ± 0.215 4.875 ± 0.226 <0.0001

Minutes sedentary activity 356.817 ± 7.438 350.947 ± 8.859 361.574 ± 8.533 0.259

Alcohol (g) 11.471 ± 0.551 11.315 ± 0.887 11.597 ± 0.816 0.831

HEI-2015 52.543 ± 0.687 54.099 ± 0.938 51.282 ± 0.631 0.002

TC (mmol/L) 4.931 ± 0.045 4.856 ± 0.050 4.991 ± 0.053 0.028

TG (mmol/L) 1.609 ± 0.037 1.222 ± 0.028 1.922 ± 0.042 <0.0001

LDL (mmol/L) 2.897 ± 0.046 2.792 ± 0.046 2.984 ± 0.063 0.01

HDL (mmol/L) 1.388 ± 0.012 1.524 ± 0.013 1.277 ± 0.014 <0.0001

Race (%) 0.002

Mexican American 7.940(0.014) 5.536(1.118) 9.889(1.832)

Other Hispanic 3.085(0.004) 2.762(0.568) 3.347(0.383)

Non-Hispanic white 65.371(0.037) 66.687(2.956) 64.305(2.639)

Non-Hispanic black 14.304(0.016) 16.208(1.849) 12.761(1.629)

Other races 9.300(0.010) 8.807(1.191) 9.698(1.241)

Education (%) 0.003

<11th grade 9.006(0.007) 7.990(0.908) 9.830(0.718)

High school graduate 26.781(0.019) 25.440(2.502) 27.869(1.177)

Some college 31.165(0.015) 28.381(2.258) 33.421(1.546)

College graduate or above 33.048(0.030) 38.189(3.656) 28.881(2.408)

Smoking (%) 0.063

No 84.430(0.026) 83.783(1.570) 84.954(1.112)

Some day 3.582(0.004) 2.873(0.610) 4.156(0.536)

Every day 11.989(0.010) 13.344(1.264) 10.890(0.950)

Dietary supplements 0.156

Yes 58.598(0.025) 57.190(2.121) 59.760(1.722)

Hypertension (%) < 0.0001

Yes 39.692(0.023) 23.361(1.839) 52.927(1.984)

Diabetes (%) < 0.0001

Yes 15.414(0.008) 4.390(0.669) 24.347(1.228)
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whole-body lipid homeostasis (42). Vitamin K is involved in the 
activation of the AMP-activated protein kinase/sirtuin 1 pathway in 
the liver, which, in turn, upregulates phosphoinositide 3-kinase and 
glucose transporter 2 to reduce insulin resistance and fasting blood 
glucose (37). In this study, we also found that higher vitamin K 
intake could reduce the risk of MAFLD in the DM population, and 
individuals with a higher intake of vitamin K had lower TG and 
higher HDL levels. These results suggest that the anti-inflammatory, 
anti-ferroptosis, and antioxidant effects of vitamin K regulate 
glucose and lipid metabolism disorders (43). The pathogenesis of 
MAFLD is mainly related to metabolic disorders and altered 
glucose-insulin homeostasis; therefore, vitamin K may reduce the 
risk of MAFLD by stabilizing glucose-lipid metabolism.

Interestingly, in the stratified analysis, when adjusting for no 
other variables or adjusting for sex, age, and race, vitamin K 
significantly reduced the risk of MAFLD among those who 
consumed dietary supplements, but when the model continued to 
add moderator variables (activity, other nutrients, and disease), this 
protective effect was not statistically significant. This result may 
indicate that the effect of vitamin K on MAFLD may not 
be significant in the population consuming dietary supplements, 

which may be  affected by other dietary nutrients. In this study, 
we also observed inconsistency regarding the relationship between 
vitamin K and MAFLD based on the HEI-2015 and energy subgroup 
analyses. In another study, a diet rich in vitamin K was associated 
with a lower prevalence of decreased high-density lipoprotein 
cholesterol, high serum triglycerides, and hyperglycemia. However, 
after adjusting for dietary confounders, the effect remained 
significant only for hyperglycemia (44). Studies have shown that 
vitamin K function is also related to age, sex, and/or menopause. 
Additionally, since vitamin K is a fat-soluble vitamin, obesity 
increases the storage of some fat-soluble nutrients (19). Therefore, 
vitamin K intake may not play a role in obesity. Age, sex, and 
menopause have been shown to affect vitamin K metabolism (31). 
Plasma phylloquinone levels were found to be significantly higher in 
the elderly (>60 years) than in the young (<40 years) independent of 
dietary intake (45, 46). This finding indicates that there may be a 
protective effect of vitamin K against MAFLD in young men, but not 
in older age. In this study, it was also found that vitamin K did not 
reduce the risk of MAFLD in the elderly and obese groups. In short, 
although it is unclear how vitamin K exerts its antioxidant and anti-
inflammatory effects, this study suggests that increasing vitamin K 

TABLE 2 The relationship of log vitamin K and MAFLD.

Exposure Model 1a Model 2b Model 3c

Log vitamin K (continuous) 0.663(0.481,0.915) 0.016 0.559(0.410,0.762) 0.003 0.462(0.277,0.769) 0.006

Quartile of log vitamin K

Q1(≤1.75) 1.000 1.000 1.000

Q2(1.75–1.97) 1.052(0.828,1.337) 0.650 0.978(0.739,1.295) 0.853 0.692(0.515,0.928) 0.017

Q3(1.97–2.21) 0.863(0.665,1.120) 0.243 0.698(0.517,0.941) 0.026 0.592(0.407,0.861) 0.009

Q4(>2.21) 0.708(0.490,1.022) 0.063 0.601(0.415,0.870) 0.015 0.488(0.302,0.787) 0.006

P-trend 0.024 0.004 0.008

aNon adjusted model.
bMinimally adjusted model: adjusted for age, sex, and race.
cFully adjusted model: age, sex, race, body mass index, education, smoking, alcohol, aspartate aminotransferase, alanine Aminotransferase, minutes sedentary activity, energy, HEI-2015; 
diabetes mellitus; hypertension, and drug.

FIGURE 1

The dose–response relationship between log vitamin K and MAFLD. Model adjusted for age, sex, race, body mass index, education, smoking, alcohol, 
aspartate aminotransferase, alanine Aminotransferase, minutes sedentary activity, energy, HEI-2015; diabetes mellitus; hypertension, and drug.
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intake may reduce the risk of MAFLD, especially in populations that 
do not consume any dietary supplements.

Our study has several strengths. First, the source of vitamin 
K is not only food but also dietary supplements. The relationship 
between vitamin K and MAFLD was analyzed between those who 
used dietary supplements and those who did not. Second, the 
NHANES database contains a large and nationally representative 
sample of the adult population in the United States. Third, the 
study used the weight in the analysis method to adjust for 
covariates in different models and considered the association of 
vitamin K and MAFLD in different populations, thus performing 
a sensitivity analysis. However, our study also had a few 
limitations. First, the cross-sectional design of our study could 
not accurately reflect the causal relationship between vitamin K 
levels and the risk of MAFLD. Second, 24 h dietary interviews do 
not necessarily reflect long-term dietary consumption habits. 
Third, although the study was adjusted for many covariates, the 
effect of unmeasured confounders cannot be ruled out. Fourth, 
dietary supplements are not intended for people who only take 
vitamin K supplements and do not distinguish between different 
food sources of vitamins and different vitamin subtypes (K1 
and K2).

5. Conclusion

Vitamin K is inversely associated with the prevalence of MAFLD, 
suggesting that a higher vitamin K intake is associated with a lower 
risk of MAFLD. This negative relationship is more significant in the 
individuals who were not taking dietary supplements. Nevertheless, 
this study was an observational study, and the plasma concentration 
of vitamin K was not detected to confirm the effect of the vitamin K 
increase in the body. Therefore, the relationship between vitamin K 
intake and plasma vitamin K levels and the relationship between 

plasma vitamin K and glucose and lipid metabolism should 
be  continued explored in population studies, and their possible 
mechanisms should be explored in animal experiments.

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 authors.

Ethics statement

The Ethics Review Board of the National Center for Health 
Statistics approved the NHANES protocol and informed consent was 
obtained from all participants (18). All data can be freely downloaded 
from NHANES website (https://www.cdc.gov/nchs/nhanes/
index.htm).

Author contributions

XW, WZ, JH, HL, and JG contributed to the study conception and 
design. XW, HL, and JG designed the study. WZ and JH organized and 
analyzed the data and wrote the manuscript. XW and HL contributed 
materials/analysis tools. All authors contributed to the article and 
approved the submitted version.

Funding

This study was supported by the Incubation Fund of Zhongshan 
Hospital (Xiamen), Fudan University (No. 2020ZS XM YS 24).

TABLE 3 The relationship of log vitamin K and MAFLD in with or without dietary supplements.

Population Exposure Model 1a Model 2b Model 3c

Without dietary supplements Log vitamin K (continuous) 0.709(0.496,1.012) 0.057 0.632(0.425,0.938) 0.028 0.346(0.159,0.750) 0.011

Quartile of log vitamin K

Q1(≤1.75) 1.000 1.000 1.000

Q2(1.75–1.97) 1.273(0.802,2.022) 0.277 1.192(0.652,2.182) 0.503 0.962(0.504,1.837) 0.901

Q3(1.97–2.21) 0.938(0.648,1.356) 0.710 0.812(0.511,1.289) 0.302 0.721(0.420,1.239) 0.217

Q4(>2.21) 0.714(0.508,1.004) 0.052 0.658(0.434,0.996) 0.048 0.373(0.186,0.751) 0.009

P-trend 0.083 0.035 0.018

With dietary supplements Log vitamin K (continuous) 0.569(0.329,0.986) 0.045 0.509(0.286,0.906) 0.027 0.555(0.247,1.247) 0.142

Quartile of log vitamin K

Q1(≤1.75) 1.000 1.000 1.000

Q2(1.75–1.97) 0.816(0.598,1.115) 0.181 0.770(0.526,1.127) 0.144 0.500(0.300,0.833) 0.011

Q3(1.97–2.21) 0.717(0.467,1.101) 0.117 0.585(0.357,0.959) 0.038 0.519(0.286,0.940) 0.033

Q4(>2.21) 0.587(0.348,0.989) 0.046 0.517(0.297,0.902) 0.027 0.489(0.238,1.001) 0.050

P-trend 0.059 0.030 0.142

aNon adjusted model.
bMinimally adjusted model: adjusted for age, sex, and race.
cFully adjusted model: age, sex, race, body mass index, education, smoking, alcohol, aspartate aminotransferase, alanine Aminotransferase, minutes sedentary activity, energy, HEI-2015; 
diabetes mellitus; hypertension, and drug.
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