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A B S T R A C T

Introduction and Objectives: Our objective was to measure and compare the intake of macro and micronu-

trients in a cohort of individuals with Metabolic Syndrome Associated Steatotic Liver Disease (MASLD) com-

pared with matched controls to identify areas of further research in this area; we identified nutrition-

associated associations with MASLD in the United States general population.

Materials and Methods: We used the 2017 − 2018 NHANES dataset. Elastography Controlled Attenuation

Parameter (CAP score>280) in the absence of other liver disease was defined as MASLD in adults (>18).

Advanced fibrosis was defined by transient elastography >10 kPa. Controls were adults without liver disease.

Results: 1648 MASLD cases (11.4 % advanced fibrosis) and 2527 controls were identified. MASLD cases were

older (P<0.001), more likely males (P = 0.01), less likely to have a college education (P = 0.04) and more likely

married (P = 0.002). MASLD cases were more likely to be of Mexican American or Hispanic ethnicity

(P = 0.002), have higher BMI, and have higher prevalence of diabetes, hyperlipidemia and hypertension

(P<0.001 for all). MASLD cases had higher hs-CRP (P = 0.02) and ferritin (P = 0.02). MASLD cases had lower

total (P = 0.004) and added vitamin E in their diet (P = 0.002), lower vitamin K intake (P = 0.005), and higher

selenium intake (P = 0.03). Caloric intake (P = 0.04), carbohydrate intake (P = 0.02), cholesterol intake

(P = 0.03) and saturated fatty acid intake (P = 0.05) were higher in MASLD. Individuals with MASLD were

more likely to be on a diet (P<0.001), sedentary (P = 0.008) and less likely to participate in moderate or vigor-

ous recreational activities (P<0.001).

Conclusions: The deficiencies of micronutrients and excess of macronutrients point to oxidative stress, pro-

inflammatory state, and lipotoxicity as pathways linking the US diet to MASLD. MASLD patients are more

often on special diets, which may reflect prior provider counseling on diet changes to improve health.

Published by Elsevier España, S.L.U. on behalf of Fundación Clínica Médica Sur, A.C. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Metabolic Dysfunction-Associated Steatotic Liver Disease

(MASLD) is a common cause of chronic liver disease worldwide,

closely associated with metabolic syndrome and approximately 25

−33 % of the adult United States population is affected by MASLD

[1−4]. Disease progression can lead to non-alcoholic steatohepatitis

(NASH), fibrosis and cirrhosis, leading to an increased risk of liver-

related mortality, hepatocellular carcinoma (HCC) [5] and the need

for liver transplantation [6].

While the pathophysiology remains complex, MASLD reflects an

accumulation of fat, mainly in the form of triglycerides, in the hepato-

cyte, with further progression leading to hepatocyte cell damage and

liver fibrosis. Factors associated with MASLD pathogenesis include

obesity and insulin resistance [7,8].

Dietary factors are thought to play an essential role in the devel-

opment of MASLD. Excess caloric intake has been shown to increase

intrahepatic triglyceride deposition [9]. Furthermore, specific types

of carbohydrates, such as fructose, have been linked to increased inci-

dence of MASLD [10]. Excess intake of saturated fatty acids promotes

fatty liver and impairs insulin signaling, while dietary monounsatu-

rated fatty acids and polyunsaturated fatty acids have been shown to

reduce intrahepatic triglyceride accumulation and inflammation
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[11,12]. Micronutrients have been investigated in their role in MASLD

pathogenesis, and antioxidants, such as vitamin E, are now being

used in the treatment of MASLD. However, despite the high preva-

lence and public health burden, targeted therapeutic approaches for

MASLD remain limited, with no FDA approved medications for this

condition and lifestyle interventions of diet and exercise remain the

mainstay of treatment [13−16].

The aim of this study was to analyze nutritional, demographic,

physical activity and socioeconomic correlates of MASLD in a

nationwide sample of US adults (NHANES 2017−2018 cohort).

Our objective was to measure and compare the intake of macro

and micronutrients in a cohort of individuals with MASLD com-

pared with matched controls to identify areas of further research

in this area.

2. Materials and methods

2.1. Study design and population

This was a cross-sectional nationwide study utilizing the 2017

−2018 National Health and Nutrition Examination Study (NHANES),

which is an ongoing program that annually assesses the health and

nutritional status of a nationally representative sample of more than

9000 individuals in the United States [17]. We restricted our analysis

to adults in the survey (age≥18 years.) The MASLD group was defined

by a median controlled attenuated parameter (CAP) ≥ 280 dB/m on

the FibroScan� examination performed in the survey [4,18]. The con-

trol group had a CAP <280 dB/m. Exclusion criteria in both groups

included a positive hepatitis B surface antigen, positive hepatitis C

RNA, positive HIV-1, 2 combo test, transferrin saturation > 45 % with

ferritin >200 ng/mL, and dietary intake averaging more than 2 alco-

holic drinks daily for women and 3 for men to minimize contributing

etiologies of liver disease (Fig. 1). In the MASLD cohort, individuals

with a liver stiffness score of ≥ 10 kPa on FibroScan� were catego-

rized as MASLD with advanced fibrosis [4].

2.2. Data collection

Interview content included demographic, socioeconomic, dietary,

and health-related questions. Detailed dietary intake for a 24-hour

recall period was recorded utilizing the USDA’s Automated Multiple-

Pass Method. Interviews were conducted on two separate occasions,

with the first interview occurring in a medically equipped mobile

center staffed by trained interviewers. The second dietary intake

interview occurred within 3−10 days after the first and was con-

ducted via telephone. The data from each dietary recall was linked to

a nutritional database that was used to estimate the macronutrients

and micronutrients consumed [19,20].

Health measurements were performed in medically equipped

mobile centers that were staffed with a physician, medical and health

technicians, and trained interviewers [17]. The 2017−2018 dataset

was used as liver transient elastography was performed during this

cycle. FibroScan� was utilized to assess liver stiffness and was com-

pleted by trained technicians. Based on body habitus, either the M+

or XL+ probes were used and at least ten valid measurements were

obtained with an interquartile range/median (IQR/M) less than 30 %

to reduce sampling error [19,21]. The elastography was performed in

a mobile examination center on the same day as the dietary inter-

views. For Physical activity, sedentarism, as well as light, moderate

and heavy physical activity, was defined using the Global Physical

Activity Questionnaire and asked in the home by trained inter-

viewers.

2.3. Statistical analysis

We applied all sample weights using the svyset command in

STATA [20,22]. This command allows for a single-stage survey design

NHANES 2017-2018

N= 9254

N= 6083

FIBROSCAN CAP>280 

MASLD CASES 

N= 1648 

FIBROSCAN AVAILABLE

N=4175

Exclude age<18

N= 3171

EXCLUDE (N=1908)
HCV RNA + 

HBSAG+,

HIV+, 

Transferrin 

sat>45%+Ferri�n>200,

Alcohol use>2 drinks/day 

women, , >3 per day men,

Fibroscan not available, 

FIBROSCAN CAP < 280

CONTROLS

N= 2527

Fig. 1. Flowchart of Study.
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with clustering and stratification without replacement. We applied

the full sample weights for the 2017 − 2018 survey. Subsequently,

each dietary data was weighted using either dietary day one or day

two sample weights together with masked variance PSU (clusters)

and masked variance strata. Categorical outcomes were summarized

as proportions and percentages using a survey-based Pearson cor-

rected Chi-square design. Continuous outcomes were summarized as

mean plus standard deviation and compared using a linearized sur-

vey regression to obtain p-values. Variables with greater than 5 %

missing data were corrected using multiple imputations with regres-

sion estimates. Due to the number of comparisons in this analysis, we

adjusted the significance level using a Sidak p-value adjustment

method ((1 − (1 − a)1/n), where n represents the number of indepen-

dent tests and a represents the significance level. We conducted all

analyses using STATA version 17 SE (StataCorp). 2021. Stata Statistical

Software: Release 17. College Station, TX: StataCorp LLC) [19,22].

2.4. Ethical statements

Written informed consent was obtained from each patient

included in the study and the study protocol conforms to the ethical

guidelines of the 1975 Declaration of Helsinki as reflected in a priori

approval by the Ethics Committee of National Center for Health Sta-

tistics (NCHS) (Protocol #2018−01).

3. Results

3.1. Study population

After applying inclusion and exclusion criteria, we identified a

MASLD cohort (n = 1648) and a control group (n = 2527) (Fig. 1). The

majority of individuals in the MASLD cohort did not have advanced

fibrosis (n = 1460) (Table 1), Individuals with MASLD were more

likely to be older (P<0.0001), male (P = 0.01), married or living with

partner (P = 0.002), of Mexican or Hispanic ethnicity (P = 0.002), and

have an educational level less than college (P = 0.04) compared to

controls but with similar income levels (P = 0.63) (Table 1). Individu-

als in the MASLD cohort were also less likely to participate in vigor-

ous recreational activities (P<0.001), moderate recreational activities

(P = 0.002), and less likely to walk or bicycle (P = 0.04), but more likely

to spend time sedentary (P = 0.008) (Table 2). Individuals with

MASLD were more likely to be on a special diet (P<0.001), especially

a diabetic diet (P<0.001) or low sodium diet (P = 0.03) compared to

controls (Table 2).

3.2. Micro and macronutrient variables

When comparing nutritional variables, we found that total vita-

min E (P = 0.004), added vitamin E (P = 0.002), vitamin K (p = 0.005)

were reduced in the MASLD cohort compared to the control group

and selenium intake was higher in the MASLD group, particularly the

MASLD advanced fibrosis cohort (P = 0.03). Carbohydrates (P = 0.02),

energy (kcal intake) (P = 0.04), total saturated fatty acids (P = 0.05),

cholesterol (P = 0.03) were all increased in the MASLD cohort com-

pared to control. Other micronutrients like folate, iron, vitamin D and

carotenes did not have an association with MASLD in our study, nor

did caffeine intake. Micro and macronutrient data is summarized in

Table 3.

4. Discussion

We analyzed nutritional and demographic correlates of MASLD in

a cohort of adults in the US general population. Individuals with

MASLD were more likely to be older, male, married or living with a

partner, of Mexican or Hispanic ethnicity, and have an educational

level less than college. The pattern of activity in individuals with

Table 1

MASLD Demographics, Elastography and Medical Conditions.

Controls (n = 2527) MASLD without advanced

fibrosis (n = 1460)

MASLD with Advanced

Fibrosis (n = 188)

P value

Demographics

Male: Female 1120 (44.3): 1407 (55.7) 773 (53.0): 687 (47.1) 116 (61.7) 72 (38.3) 0.01

Age in years at screening (median, std deviation) 44.6 (17.9) 50.6 (17.0) 50.8 (17.4) <0.001

Race/Hispanic origin

Mexican American 277 (11.0) 282 (19.3) 35 (18.6) 0.01

Other Hispanic 242 (9.6) 132 (9.0) 20 (10.6)

Non-Hispanic White 862 (34.1) 512 (35.1) 78 (41.5)

Non-Hispanic Black 638 (25.3) 265 (18.2) 30 (16.0)

Non-Hispanic Asian 363 (14.4) 193 (13.2) 15 (8.0)

Other Race − Including Multi-Racial 145 (5.7) 76 (5.2) 10 (5.3)

Mexican or Hispanic

Yes 519 (20.5) 414 (28.4) 55 (29.3) 0.002

No 2008 (79..5) 1046 (71.6) 133 (70.7)

Annual Household Income

>$25000 1976 (78.3) 1165 (79.8) 154 (81.9) 0.63

$0−24,999 548(21.7) 294 (20.2) 34 (18.1)

Education level (Adults) Less than 9th grade 169 (7.2) 133 (9.4) 18 (9.9) 0.04

Married/living with partner 1099 (43.5) 820 (56.2) 103 (54.8) 0.002

Elastography Controls (CAP<280 dB/m) NAFLD without advanced fibrosis

(CAP>280 LSM<10kPA)

NAFLD with Advanced Fibrosis

(CAP>280 LSM ≥10kPA)

Median stiffness (E), kilopascals (kPa)(median and std deviation) 4.9 (3.3) 5.4 (1.5) 19.1 (18.2) P<0.001

Median CAP, decibels per meter (dB/m))(median and std deviation 222.3 (37.0) 324.0 (33.6) 352.2 (40.7) P<0.001

Metabolic Conditions

Diabetes 289 (11.4) 435 (29.8) 93 (49.5) <0.001

Dyslipidemia 1389 (45.0) 1100 (75.3) 151 (80.3) <0.001

Hypertension 701 (27.8) 664 (45.5) 104 (55.3) <0.001

Body Mass Index (kg/m2) 26.9 (5.6) 33.1 (6.2) 41.0 (9.4) <0.001

Ferritin (ng/ml) 120.2 (126.2) 158.1 (152.9) 181.4 (200.2) 0.02

Hs-CRP (mg/L) 3.1 (6.9) 4.9 (8.5) 7.2 (10.0) 0.02

CAP+ Controlled Attenuation Parameter, hs-CRP- High sensitivity C-reactive protein.

Reference ranges in NHANES: CAP (100−400 dB/m) Elastrography, Median Stiffness (1.6 − 75 kPa), Ferritin (1−5190 ng/ml), Hs-CRP (0.1 to 182).
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MASLD is that they are more sedentary and less likely to participate

in moderate to vigorous recreational activities. The increased preva-

lence of MASLD among individuals of Mexican or Hispanic ethnicity

may be attributed to dietary and higher prevalence of genetic factors,

including well-characterized polymorphisms (PNPLA3) [23−25]. The

MASLD cohort was less likely to have a college education. However,

income level was not significantly different between MASLD and con-

trol groups. This risk may be tied to lower health literacy among

MASLD group, which is a strong predictor of health outcomes rather

than the higher cost of healthier diets [26,27]. Cross-sectional studies

have shown that non-married people have lower BMI than their mar-

ried counterparts, which could explain our finding of increased prev-

alence of MASLD among married individuals [28−31]. Finally, MASLD

patients are more often on special diets, which may reflect prior pro-

vider counseling on diet changes to improve health [32,33]. Besides

the increased prevalence of metabolic diseases like diabetes, hyper-

tension, dyslipidemia and obesity, individuals with MASLD had evi-

dence of a pro-inflammatory state with elevated hs-CRP and ferritin

levels. In addition, ferritin is also an acute phase reactant that is asso-

ciated with advanced fibrosis in MASLD [34−36].

Our primary objective was to compare micro and macronutrient

intake in MASLD cohort within a general population to identify areas

of further research and inform targeted dietary counseling for treat-

ment and prevention of MASLD. Vitamin E intake was reduced in

MASLD cohort, consistent with previous clinical studies [37−40].

MASLD is a state of oxidative stress and inflammation with increased

denovo lipogenesis and triglyceride hepatic deposition [41,42]. Vita-

min E is an antioxidant that can inhibit reactive oxygen species and

may play a protective role in MASLD pathogenesis [14,43]. Other

potential roles for vitamin E include anti-apoptotic and anti-inflam-

matory roles that may be salutary in MASLD. In the US, the PIVENs

randomized controlled trial demonstrated that vitamin E supplemen-

tation was associated with improvement in histologic steatohepatitis

in non-diabetic individuals [44]. In a large population-based study of

over 200 K individuals in a UK biobank, vitamin E supplementation

was linked to reduced MASLD diagnoses in diabetic overweight indi-

viduals with reduced mortality [45].

Vitamin K intake was reduced in the MASLD cohort. While not

previously reported in a Western population, a Korean hospital-

based study showed vitamin K supplementation significantly low-

ered the risk of MASLD [46]. Vitamin K intake may reflect an overall

higher vegetable intake, which has been shown to be protective of

MASLD, putatively through antioxidant pathways [47]. Vitamin K

supplementation has been associated with reduced insulin resistance

in older individuals and higher vitamin K levels were associated with

reduced inflammation in the Framingham cohort [48,49]. Vitamin K

has been associated with increased beta cell insulin secretion and

adiponectin expression in mice with reduced lipopolysaccharide

(LPS) induced inflammation, which may improve insulin sensitivity

[50,51].

Table 2

MASLD diets and physical activity.

Controls (n = 2527) MASLD without advanced

fibrosis (n = 1460)

MASLD with Advanced

Fibrosis (n = 188)

P value

On special diet

Number (percentage)

335 (13.2) 269 (18.4) 46 (24.5) <0.001

Weight loss/Low calorie diet 180 (7.1) 150 (10.3) 25 (13.3) 0.001

Low salt/Low sodium diet 40 (1.6) 36 (2.5) 4 (2.1) 0.03

Diabetic diet 39 (1.5) 51 (3.5) 11 (5.9) <0.001

Physical Activity

Number (percentage)

Walk or bicycle 679 (26.9) 303 (20.8) 39 (20.7) 0.04

Vigorous recreational activities 791 (31.3) 279 (19.1) 30 (16.0) <0.001

Moderate recreational activities 1133 (44.8) 546 (37.4) 57 (30.3) 0.002

Minutes sedentary activity

Mean (std deviation)

334.6 (186.7) 355.1 (203.7) 417.6 (252.2) 0.008

Table 3

Macro and Micro nutrient intake MASLD.

Controls (n = 2527) MASLD without advanced

fibrosis (n = 1460)

MASLD with Advanced

Fibrosis (n = 188)

P value

Micronutrients

Mean (std deviation)

Vitamin E added (mg) 1.3 (4.2) 0.51 (2.7) 0.3 (2.0) 0.002

Vitamin E (mg) 9.4 (6.8) 8.1 (6.2) 9.1 (6.6) 0.004

Vitamin K (mcg) 137.1 (202.6) 104.4 (118.2) 116.4 (142.9) 0.005

Selenium (mcg) 112.4 (64.3) 119.3 (65.3) 135.9 (92.5) 0.03

Sodium (mg) 3451.1 (1817.8) 3619.4 (1905.7) 3879.0 (2225.9) 0.03

Macronutrients

Mean (std deviation)

Carbohydrates (gm) 243.1 (122.6) 253.9 (127.9) 262.3 (136.2) 0.02

Energy (kcal) 2103.5 (969.7) 2173.3 (998.5) 2323.1 (1098.7) 0.04

Total saturated fatty acids (gm) 27.9 (16.7) 29.7 (18.6) 34.0 (24.2) 0.05

Cholesterol (mg) 293.6 (232.2) 305.4 (228.7) 413.9 (388.9) 0.03

Kcal= Kilocalories, mg+ milligrams, mcg= micorgrams.

References range:.

Vitamin E added: 0−55 mg, vitamin E: 0−123 mg, vitamin K 0−2237 mcg.

Selenium 0−2550 mcg, Sodium 0−13,608 mg, Carbohydrates 0−719 gm.

Energy 0−3523 kcal, Total Saturated fatty acids 0−115 gm, Cholesterol 0−2319 mg.
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Selenium intake was higher in MASLD group and highest in

MASLD with advanced fibrosis (P = 0.001). Selenium is a trace mineral

that protects against oxidative stress and is found in animal proteins,

breads and cereals. Selenium deficiency is rare. Most individuals in

the US consume more than the recommended daily allowance of

55 micrograms/day. More than 150 micrograms/day can be harmful.

Prior studies have shown a dose-related relationship between sele-

nium and MASLD, with harmful associations found at serum sele-

nium levels >130 mg/L and <130 mg/L serum selenium had no

association with MASLD [52]. This association between high selenium

levels and liver fibrosis has also been seen in epidemiologic studies

[53]. The exact mechanism remains unclear, but studies suggest that

high levels of selenium are associated with insulin resistance,

increased lipogenesis, and oxidative stress [53]. In a randomized con-

trolled trial of selenium supplementation for prostate cancer preven-

tion, selenium supplementation was associated with an increased

incidence of type 2 diabetes [54]. The higher selenium intake in indi-

viduals with MASLD could also be higher due to their greater con-

sumption of food in general (higher caloric intake), including bread,

meat and cereals. Although we did not find an association in our

studies, reduced folate intake and lower vitamin D have been incon-

sistently reported in association with MASLD [55,56].

In an analysis of macronutrients, the MASLD group had an

increased intake of carbohydrates, calories, cholesterol and total satu-

rated fatty acids. Epidemiologic and experimental studies have

shown saturated fats and cholesterol intake are associated with

MASLD [57,58]. Mice fed a high fat and cholesterol diet developed

sequential progression of hepatic steatosis, steatohepatitis, fibrosis

and eventually liver cancer [59,60]. Prior studies have suggested that

free fatty acids and their derivates trigger several intracellular

responses, including cytokine release and macrophage activation,

leading to lipotoxic stress and pro-inflammatory states [61,62]. Satu-

rated fat has been shown to provoke insulin resistance and endotoxi-

nemia associated with MASLD and increase harmful plasma

ceramides compared to high carbohydrate or unsaturated fat diets

[63]. Excess caloric intake and carbohydrates have also been linked to

MASLD, particularly fructose (either found naturally, as added sugar,

or as high fructose corn syrup). Elevated triglyceride levels and

denovo lipogenesis have been seen in carbohydrate and fructose

enriched diets [64,65]. However, the role of total caloric intake versus

carbohydrate intake remains a challenging one, with some studies

suggesting energy or caloric deficit is the mainstay of decreased liver

fat accumulation with no extra benefit of carbohydrate restriction

[66].

The role of specific diets in MASLD remains an area of active inves-

tigation. Weight loss seems to be beneficial in preventing or even

reversing MASH and fibrosis [67]. Caloric restriction can be effective,

whether achieved through hypocaloric diets or intermittent fasting.

The role of very low carbohydrate diets (ketogenic diets), although

resulting in weight loss, remains controversial for MASH reversal,

especially in the long term. An increase in vegetable proteins rather

than animal proteins may be beneficial, and the Mediterranean diet

has been shown to be effective in reducing liver fat, even if not result-

ing in weight loss [65].

The limitations of our study include the NHANES cross-sec-

tional design, due to which causality cannot be conclusively

proven and there could be confounding factors. Given the nature

of dietary intake collection, there could be recall and reporting

bias. While there is no established CAP cutoff score to diagnose

MASLD, 280 dB/m is a widely accepted threshold that has been

used in prior studies. The major strengths of our study include a

large, nationwide study population that is representative of the

general United States population. Dietary intake was taken via a

validated method on two separate occasions and Fibroscan� data

was obtained via trained technicians with appropriately sized

wands. At least 10 valid measurements were obtained with an

interquartile range/median (IQR/M) of less than 30 % to reduce

sampling error. Future animal and prospective studies would help

better characterize the association between our findings.

5. Conclusions

We found that MASLD patients in the US general population are

more often on special diets, suggesting increased awareness and

interest in utilizing diet changes to improve health. We also found

that certain nutritional variables, including vitamin E and vitamin K,

may play a protective role against MASLD. Excessive intake of sele-

nium in the US diet may be associated with an increased risk of

MASLD, and increased intake of macronutrients, such as carbohy-

drates, cholesterol, total saturated fatty acids, and total caloric intake,

may promote the development of MASLD. This research should

prompt further prospective studies to confirm these findings. Such

an association, if confirmed, would have the potential to offer specific

dietary recommendations for individuals with MASLD as well as

potential nutraceutical options.

Funding

None.

Author contributions

All authors contributed to the conception and design of the study,

interpretation of data, and drafting of the article, and provided final

approval of the version to be submitted. Fay Osman and Adnan Said

participated in data analysis, while Adnan Said also contributed to

critically revising the article for important intellectual content.

Declaration of interests

None.

References

[1] Diehl AM, Day C. Cause, pathogenesis, and treatment of non-alcoholic steatohepa-
titis. N Engl J Med 2017;377(21):2063–72. https://doi.org/10.1056/NEJM-
ra1503519.

[2] Vernon G, Baranova A, Younossi ZM. Systematic review: the epidemiology and
natural history of non-alcoholic fatty liver disease and non-alcoholic steatohepa-
titis in adults. Aliment Pharmacol Ther 2011;34(3):274–85. https://doi.org/
10.1111/j.1365-2036.2011.04724.x.

[3] Rinella ME, Lazarus JV, Ratziu V, Francque SM, Sanyal AJ, Kanwal F, et al. A multi-
society Delphi consensus statement on new fatty liver disease nomenclature. Ann
Hepatol 2023;29(1):101133. https://doi.org/10.1016/j.aohep.2023.101133.

[4] Eddowes PJ, Sasso M, Allison M, Tsochatzis E, Anstee QM, Sheridan D, et al. Accu-
racy of fibroscan controlled attenuation parameter and liver stiffness measure-
ment in assessing steatosis and fibrosis in patients with non-alcoholic fatty liver
disease. Gastroenterology 2019;156(6):1717–30. https://doi.org/10.1053/j.gas-
tro.2019.01.042.

[5] Sheka AC, Hameed B, Ikramuddin S. Non-alcoholic steatohepatitis-reply. JAMA
2020;324(9):899–900. https://doi.org/10.1001/jama.2020.10437.

[6] Byrne CD, Targher G. NAFLD: a multisystem disease. J Hepatol 2015;62(1 Suppl):
S47–64. https://doi.org/10.1016/j.jhep.2014.12.012.

[7] Juanola O, Martinez-Lopez S, Frances R, Gomez-Hurtado I. Non-Alcoholic fatty
liver disease: metabolic, genetic, epigenetic and environmental risk factors. Int J
Environ Res Public Health 2021;18(10). https://doi.org/10.3390/ijerph18105227.

[8] Fang J, Yu CH, Li XJ, Yao JM, Fang ZY, Yoon SH, Yu WY. Gut dysbiosis in non-alco-
holic fatty liver disease: pathogenesis, diagnosis, and therapeutic implications.
Front Cell Infect Microbiol 2022;12:997018. https://doi.org/10.3389/fcimb.2022.
997018.

[9] Chakravarthy MV, Waddell T, Banerjee R, Guess N. Nutrition and non-alcoholic
fatty liver disease: current perspectives. Gastroenterol Clin North Am 2020;49
(1):63–94. https://doi.org/10.1016/j.gtc.2019.09.003.

[10] Sevastianova K, Santos A, Kotronen A, Hakkarainen A, Makkonen J, Silander K,
et al. Effect of short-term carbohydrate overfeeding and long-term weight loss on
liver fat in overweight humans. Am J Clin Nutr 2012;96(4):727–34. https://doi.
org/10.3945/ajcn.112.038695.

[11] Datz C, Muller E, Aigner E. Iron overload and non-alcoholic fatty liver disease.
Minerva Endocrinol 2017;42(2):173–83. https://doi.org/10.23736/S0391-1977.
16.02565-7.

M. Nemer, F. Osman and A. Said Annals of Hepatology 29 (2024) 101491

5

https://doi.org/10.1056/NEJMra1503519
https://doi.org/10.1056/NEJMra1503519
https://doi.org/10.1111/j.1365-2036.2011.04724.x
https://doi.org/10.1111/j.1365-2036.2011.04724.x
https://doi.org/10.1016/j.aohep.2023.101133
https://doi.org/10.1053/j.gastro.2019.01.042
https://doi.org/10.1053/j.gastro.2019.01.042
https://doi.org/10.1001/jama.2020.10437
https://doi.org/10.1016/j.jhep.2014.12.012
https://doi.org/10.3390/ijerph18105227
https://doi.org/10.3389/fcimb.2022.<?A3B2 re3j?>997018
https://doi.org/10.3389/fcimb.2022.<?A3B2 re3j?>997018
https://doi.org/10.1016/j.gtc.2019.09.003
https://doi.org/10.3945/ajcn.112.038695
https://doi.org/10.3945/ajcn.112.038695
https://doi.org/10.23736/S0391-1977.<?A3B2 re3j?>16.02565-7
https://doi.org/10.23736/S0391-1977.<?A3B2 re3j?>16.02565-7


[12] Nagashimada M, Ota T. Role of vitamin E in non-alcoholic fatty liver disease.
IUBMB Life 2019;71(4):516–22. https://doi.org/10.1002/iub.1991.

[13] Jiang Q. Natural forms of vitamin E: metabolism, antioxidant, and anti-inflamma-
tory activities and their role in disease prevention and therapy. Free Radic Biol
Med 2014;72:76–90. https://doi.org/10.1016/j.freeradbiomed.2014.03.035.

[14] Niki E. Role of vitamin E as a lipid-soluble peroxyl radical scavenger: in vitro and
in vivo evidence. Free Radic Biol Med 2014;66:3–12. https://doi.org/10.1016/j.
freeradbiomed.2013.03.022.

[15] Oseini AM, Sanyal AJ. Therapies in Non-Alcoholic Steatohepatitis (NASH). Liver Int
2017;37(Suppl 1):97–103 Suppl 1. https://doi.org/10.1111/liv.13302.

[16] Romero-Gomez M, Zelber-Sagi S, Trenell M. Treatment of NAFLD with diet, physi-
cal activity and exercise. J Hepatol 2017;67(4):829–46. https://doi.org/10.1016/j.
jhep.2017.05.016.

[17] CDC. Center for disease control: national center for health statistics. NHANES;
2017 −2018.

[18] Siddiqui MS, Vuppalanchi R, Van Natta ML, Hallinan E, Kowdley KV, Abdelmalek
M, et al. Vibration-Controlled transient elastography to assess fibrosis and steato-
sis in patients with non-alcoholic fatty liver disease. Clin Gastroenterol Hepatol
2019;17(1):156–63 e2. https://doi.org/10.1016/j.cgh.2018.04.043.

[19] CDC. CDC, center for disease control: national center for health statistics.
NHANES; 2017. 2018 https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/
default.aspx?BeginYear=2017.

[20] 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(1):121–34. https://doi.org/10.3945/an.115.009
258.

[21] CDC. NHANES Liver Ultrasound Transient Elastography Procedures Manual 2018.
2018.

[22] Judkins D. Fay’s method for variance estimation, https://www.proquest.com/doc-
view/1266811483; 1990.

[23] Saab S, Manne V, Nieto J, Schwimmer JB, Chalasani NP. Non-alcoholic fatty liver
disease in latinos. Clin Gastroenterol Hepatol 2016;14(1):5–12 quiz e9-0. https://
doi.org/10.1016/j.cgh.2015.05.001.

[24] Shaheen M, Schrode KM, Pan D, Kermah D, Puri V, Zarrinpar A, et al. Sex-Specific
differences in the association between race/ethnicity and NAFLD among US popu-
lation. Front Med (Lausanne) 2021;8:795421. https://doi.org/10.3389/fmed.2021.
795421.

[25] Morrill KE, Bland VL, Klimentidis YC, Hingle MD, Thomson CA, Garcia DO. Assess-
ing interactions between PNPLA3 and dietary intake on liver steatosis in mexi-
can-origin adults. Int J Environ Res Public Health 2021;18(13). https://doi.org/
10.3390/ijerph18137055.

[26] Carbone ET, Zoellner JM. Nutrition and health literacy: a systematic review to
inform nutrition research and practice. J Acad Nutr Diet 2012;112(2):254–65.
https://doi.org/10.1016/j.jada.2011.08.042.

[27] Berkman ND, Sheridan SL, Donahue KE, Halpern DJ, Crotty K. Low health literacy
and health outcomes: an updated systematic review. Ann Intern Med 2011;155
(2):97–107. https://doi.org/10.7326/0003-4819-155-2-201107190-00005.

[28] Jeffery RW, Rick AM. Cross-sectional and longitudinal associations between body
mass index and marriage-related factors. Obes Res 2002;10(8):809–15. https://
doi.org/10.1038/oby.2002.109.

[29] Sobal J, Rauschenbach B, Frongillo EA. Marital status changes and body weight
changes: a US longitudinal analysis. Soc Sci Med 2003;56(7):1543–55. https://doi.
org/10.1016/s0277-9536(02)00155-7.

[30] Syrda J. The impact of marriage and parenthood on male body mass index: static
and dynamic effects. Soc Sci Med 2017;186:148–55. https://doi.org/10.1016/j.
socscimed.2017.05.033.

[31] Wilson SE. Marriage, gender and obesity in later life. Econ Hum Biol 2012;10
(4):431–53. https://doi.org/10.1016/j.ehb.2012.04.012.

[32] Tincopa MA, Wong J, Fetters M, Lok AS. Patient disease knowledge, attitudes and
behaviours related to non-alcoholic fatty liver disease: a qualitative study. BMJ
Open Gastroenterol 2021;8(1). https://doi.org/10.1136/bmjgast-2021-000634.

[33] Riazi K, Raman M, Taylor L, Swain MG, Shaheen AA. Dietary patterns and compo-
nents in Non-alcoholic Fatty Liver Disease (NAFLD): what key messages can
health care providers offer? Nutrients 2019;11(12). https://doi.org/10.3390/
nu11122878.

[34] Kowdley KV, Belt P, Wilson LA, Yeh MM, Neuschwander-Tetri BA, Chalasani N,
et al. Serum ferritin is an independent predictor of histologic severity and
advanced fibrosis in patients with non-alcoholic fatty liver disease. Hepatology
2012;55(1):77–85. https://doi.org/10.1002/hep.24706.

[35] Lee J, Yoon K, Ryu S, Chang Y, Kim HR. High-normal levels of hs-CRP predict the
development of non-alcoholic fatty liver in healthy men. PLoS ONE 2017;12(2):
e0172666. https://doi.org/10.1371/journal.pone.0172666.

[36] Ndumele CE, Nasir K, Conceicao RD, Carvalho JA, Blumenthal RS, Santos RD.
Hepatic steatosis, obesity, and the metabolic syndrome are independently and
additively associated with increased systemic inflammation. Arterioscler Thromb
Vasc Biol 2011;31(8):1927–32. https://doi.org/10.1161/ATVBAHA.111.228262.

[37] Ivancovsky-Wajcman D, Fliss-Isakov N, Salomone F, Webb M, Shibolet O, Kariv R,
Zelber-Sagi S. Dietary vitamin E and C intake is inversely associated with the
severity of non-alcoholic fatty liver disease. Dig Liver Dis 2019;51(12):1698–705.
https://doi.org/10.1016/j.dld.2019.06.005.

[38] Jeon D, Son M, Shim J. Dynamics of serum retinol and alpha-tocopherol levels
according to non-alcoholic fatty liver disease status. Nutrients 2021;13(5).
https://doi.org/10.3390/nu13051720.

[39] Erhardt A, Stahl W, Sies H, Lirussi F, Donner A, Haussinger D. Plasma levels of vita-
min E and carotenoids are decreased in patients with Non-alcoholic

Steatohepatitis (NASH). Eur J Med Res 2011;16(2):76–8. https://doi.org/10.1186/
2047-783x-16-2-76.

[40] Cicero AFG, Colletti A, Bellentani S. Nutraceutical approach to Non-Alcoholic Fatty
Liver Disease (NAFLD): the available clinical evidence. Nutrients 2018;10(9).
https://doi.org/10.3390/nu10091153.

[41] Palmieri VO, Grattagliano I, Portincasa P, Palasciano G. Systemic oxidative altera-
tions are associated with visceral adiposity and liver steatosis in patients with
metabolic syndrome. J Nutr 2006;136(12):3022–6. https://doi.org/10.1093/jn/
136.12.3022.

[42] Masarone M, Rosato V, Dallio M, Gravina AG, Aglitti A, Loguercio C, et al. Role of
oxidative stress in pathophysiology of non-alcoholic fatty liver disease. Oxid Med
Cell Longev 2018;2018:9547613. https://doi.org/10.1155/2018/9547613.

[43] Podszun MC, Alawad AS, Lingala S, Morris N, Huang WA, Yang S, et al. Vitamin E
treatment in NAFLD patients demonstrates that oxidative stress drives steatosis
through upregulation of de-novo lipogenesis. Redox Biol 2020;37:101710.
https://doi.org/10.1016/j.redox.2020.101710.

[44] Sanyal AJ, Chalasani N, Kowdley KV, McCullough A, Diehl AM, Bass NM, et al. Pio-
glitazone, vitamin E, or placebo for nonalcoholic steatohepatitis. N Engl J Med
2010;362(18):1675–85. https://doi.org/10.1056/NEJMoa0907929.

[45] Scorletti E, Creasy KT, Vujkovic M, Vell M, Zandvakili I, Rader DJ, et al. Dietary
vitamin E intake is associated with a reduced risk of developing digestive diseases
and non-alcoholic fatty liver disease. Am J Gastroenterol 2022;117(6):927–30.
https://doi.org/10.14309/ajg.0000000000001726.

[46] Han JM, Jo AN, Lee SM, Bae HS, Jun DW, Cho YK, et al. Associations between
intakes of individual nutrients or whole food groups and non-alcoholic fatty liver
disease among Korean adults. J Gastroenterol Hepatol 2014;29(6):1265–72.
https://doi.org/10.1111/jgh.12520.

[47] Musso G, Gambino R, De Michieli F, Cassader M, Rizzetto M, Durazzo M, et al. Die-
tary habits and their relations to insulin resistance and postprandial lipemia in
non-alcoholic steatohepatitis. Hepatology 2003;37(4):909–16. https://doi.org/
10.1053/jhep.2003.50132.

[48] Shea MK, Booth SL, Massaro JM, Jacques PF, D’Agostino Sr. RB, Dawson-Hughes B,
et al. Vitamin K and vitamin D status: associations with inflammatory markers in
the framingham offspring study. Am J Epidemiol 2008;167(3):313–20. https://
doi.org/10.1093/aje/kwm306.

[49] Yoshida M, Jacques PF, Meigs JB, Saltzman E, Shea MK, Gundberg C, et al. Effect of
vitamin K supplementation on insulin resistance in older men and women. Dia-
betes Care 2008;31(11):2092–6. https://doi.org/10.2337/dc08-1204.

[50] Reddi K, Wilson M, Poole S, Meghji S, Henderson B. Relative cytokine-stimulating
activities of surface components of the oral periodontopathogenic bacterium
Actinobacillus actinomycetemcomitans. Cytokine 1995;7(6):534–41. https://doi.
org/10.1006/cyto.1995.0072.

[51] Ferron M, Hinoi E, Karsenty G, Ducy P. Osteocalcin differentially regulates beta
cell and adipocyte gene expression and affects the development of metabolic dis-
eases in wild-type mice. Proc Natl Acad Sci USA 2008;105(13):5266–70. https://
doi.org/10.1073/pnas.0711119105.

[52] Wang X, Seo YA, Park SK. Serum selenium and non-alcoholic fatty liver disease
(NAFLD) in US adults: national Health and Nutrition Examination Survey
(NHANES) 2011-2016. Environ Res 2021;197:111190. https://doi.org/10.1016/j.
envres.2021.111190.

[53] Liu J, Tan L, Liu Z, Shi R. The association between non-alcoholic fatty liver disease
(NAFLD) and advanced fibrosis with blood selenium level based on the NHANES
2017-2018. Ann Med 2022;54(1):2259–68. https://doi.org/10.1080/07853890.
2022.2110277.

[54] Kristal AR, Darke AK, Morris JS, Tangen CM, Goodman PJ, Thompson IM, et al.
Baseline selenium status and effects of selenium and vitamin e supplementation
on prostate cancer risk. J Natl Cancer Inst 2014;106(3):djt456. https://doi.org/
10.1093/jnci/djt456.

[55] Zhang B, Cao JC, Liu FR, Deng Z, Chen CJ, Sun YY. Folate intake and non-alcoholic
fatty liver disease in US adults. Asia Pac J Clin Nutr 2023;32(1):158–67. https://
doi.org/10.6133/apjcn.202303_32(1).0019.

[56] Ciardullo S, Muraca E, Cannistraci R, Perra S, Lattuada G, Perseghin G. Low 25 (OH)
vitamin D levels are associated with increased prevalence of non-alcoholic fatty
liver disease and significant liver fibrosis. Diabetes Metab Res Rev 2023;39(5):
e3628. https://doi.org/10.1002/dmrr.3628.

[57] Rosqvist F, Kullberg J, Stahlman M, Cedernaes J, Heurling K, Johansson HE, et al.
Overeating saturated fat promotes fatty liver and ceramides compared with poly-
unsaturated fat: a randomized trial. J Clin Endocrinol Metab 2019;104(12):6207–
19. https://doi.org/10.1210/jc.2019-00160.

[58] Fan JG, Cao HX. Role of diet and nutritional management in non-alcoholic fatty
liver disease. J Gastroenterol Hepatol 2013;28(Suppl 4):81–7. https://doi.org/
10.1111/jgh.12244.

[59] Zhang X, Coker OO, Chu ES, Fu K, Lau HCH, Wang YX, et al. Dietary cholesterol
drives fatty liver-associated liver cancer by modulating gut microbiota and
metabolites. Gut 2021;70(4):761–74. https://doi.org/10.1136/gutjnl-2019-
319664.

[60] Teratani T, Tomita K, Suzuki T, Oshikawa T, Yokoyama H, Shimamura K, et al. A
high-cholesterol diet exacerbates liver fibrosis in mice via accumulation of free
cholesterol in hepatic stellate cells. Gastroenterology 2012;142(1):152–64 e10.
https://doi.org/10.1053/j.gastro.2011.09.049.

[61] Li H, Yu XH, Ou X, Ouyang XP, Tang CK. Hepatic cholesterol transport and its role
in non-alcoholic fatty liver disease and atherosclerosis. Prog Lipid Res
2021;83:101109. https://doi.org/10.1016/j.plipres.2021.101109.

[62] Kazankov K, Jorgensen SMD, Thomsen KL, Moller HJ, Vilstrup H, George J, et al.
The role of macrophages in non-alcoholic fatty liver disease and non-alcoholic

M. Nemer, F. Osman and A. Said Annals of Hepatology 29 (2024) 101491

6

https://doi.org/10.1002/iub.1991
https://doi.org/10.1016/j.freeradbiomed.2014.03.035
https://doi.org/10.1016/j.freeradbiomed.2013.03.022
https://doi.org/10.1016/j.freeradbiomed.2013.03.022
https://doi.org/10.1111/liv.13302
https://doi.org/10.1016/j.jhep.2017.05.016
https://doi.org/10.1016/j.jhep.2017.05.016
http://refhub.elsevier.com/S1665-2681(24)00285-0/sbref0017
http://refhub.elsevier.com/S1665-2681(24)00285-0/sbref0017
https://doi.org/10.1016/j.cgh.2018.04.043
https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/default.aspx?BeginYear=2017
https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/default.aspx?BeginYear=2017
https://doi.org/10.3945/an.115.009<?A3B2 re3j?>258
https://doi.org/10.3945/an.115.009<?A3B2 re3j?>258
https://www.proquest.com/docview/1266811483
https://www.proquest.com/docview/1266811483
https://doi.org/10.1016/j.cgh.2015.05.001
https://doi.org/10.1016/j.cgh.2015.05.001
https://doi.org/10.3389/fmed.2021.<?A3B2 re3j?>795421
https://doi.org/10.3389/fmed.2021.<?A3B2 re3j?>795421
https://doi.org/10.3390/ijerph18137055
https://doi.org/10.3390/ijerph18137055
https://doi.org/10.1016/j.jada.2011.08.042
https://doi.org/10.7326/0003-4819-155-2-201107190-00005
https://doi.org/10.1038/oby.2002.109
https://doi.org/10.1038/oby.2002.109
https://doi.org/10.1016/s0277-9536(02)00155-7
https://doi.org/10.1016/s0277-9536(02)00155-7
https://doi.org/10.1016/j.socscimed.2017.05.033
https://doi.org/10.1016/j.socscimed.2017.05.033
https://doi.org/10.1016/j.ehb.2012.04.012
https://doi.org/10.1136/bmjgast-2021-000634
https://doi.org/10.3390/nu11122878
https://doi.org/10.3390/nu11122878
https://doi.org/10.1002/hep.24706
https://doi.org/10.1371/journal.pone.0172666
https://doi.org/10.1161/ATVBAHA.111.228262
https://doi.org/10.1016/j.dld.2019.06.005
https://doi.org/10.3390/nu13051720
https://doi.org/10.1186/2047-783x-16-2-76
https://doi.org/10.1186/2047-783x-16-2-76
https://doi.org/10.3390/nu10091153
https://doi.org/10.1093/jn/136.12.3022
https://doi.org/10.1093/jn/136.12.3022
https://doi.org/10.1155/2018/9547613
https://doi.org/10.1016/j.redox.2020.101710
https://doi.org/10.1056/NEJMoa0907929
https://doi.org/10.14309/ajg.0000000000001726
https://doi.org/10.1111/jgh.12520
https://doi.org/10.1053/jhep.2003.50132
https://doi.org/10.1053/jhep.2003.50132
https://doi.org/10.1093/aje/kwm306
https://doi.org/10.1093/aje/kwm306
https://doi.org/10.2337/dc08-1204
https://doi.org/10.1006/cyto.1995.0072
https://doi.org/10.1006/cyto.1995.0072
https://doi.org/10.1073/pnas.0711119105
https://doi.org/10.1073/pnas.0711119105
https://doi.org/10.1016/j.envres.2021.111190
https://doi.org/10.1016/j.envres.2021.111190
https://doi.org/10.1080/07853890.<?A3B2 re3j?>2022.2110277
https://doi.org/10.1080/07853890.<?A3B2 re3j?>2022.2110277
https://doi.org/10.1093/jnci/djt456
https://doi.org/10.1093/jnci/djt456
https://doi.org/10.6133/apjcn.202303_32(1).0019
https://doi.org/10.6133/apjcn.202303_32(1).0019
https://doi.org/10.1002/dmrr.3628
https://doi.org/10.1210/jc.2019-00160
https://doi.org/10.1111/jgh.12244
https://doi.org/10.1111/jgh.12244
https://doi.org/10.1136/gutjnl-2019-319664
https://doi.org/10.1136/gutjnl-2019-319664
https://doi.org/10.1053/j.gastro.2011.09.049
https://doi.org/10.1016/j.plipres.2021.101109


steatohepatitis. Nat Rev Gastroenterol Hepatol 2019;16(3):145–59. https://doi.
org/10.1038/s41575-018-0082-x.

[63] Luukkonen PK, Sadevirta S, Zhou Y, Kayser B, Ali A, Ahonen L, et al. Saturated fat is
more metabolically harmful for the human liver than unsaturated fat or simple
sugars. Diabetes Care 2018;41(8):1732–9. https://doi.org/10.2337/dc18-0071.

[64] Wijarnpreecha K, Thongprayoon C, Edmonds PJ, Cheungpasitporn W. Associa-
tions of sugar- and artificially sweetened soda with non-alcoholic fatty liver dis-
ease: a systematic review and meta-analysis. QJM 2016;109(7):461–6. https://
doi.org/10.1093/qjmed/hcv172.

[65] Vancells Lujan P, Vinas Esmel E, Sacanella Meseguer E. Overview of Non-Alcoholic
Fatty Liver Disease (NAFLD) and the role of sugary food consumption and other

dietary components in its development. Nutrients 2021;13(5). https://doi.org/
10.3390/nu13051442.

[66] Haufe S, Engeli S, Kast P, Bohnke J, Utz W, Haas V, et al. Randomized comparison
of reduced fat and reduced carbohydrate hypocaloric diets on intrahepatic fat in
overweight and obese human subjects. Hepatology 2011;53(5):1504–14. https://
doi.org/10.1002/hep.24242.

[67] Vilar-Gomez E, Martinez-Perez Y, Calzadilla-Bertot L, Torres-Gonzalez A, Gra-
Oramas B, Gonzalez-Fabian L, et al. Weight loss through lifestyle modifica-
tion significantly reduces features of non-alcoholic steatohepatitis. Gastroen-
terology 2015;149(2):367–78 e5; quiz e14-5. https://doi.org/10.1053/j.
gastro.2015.04.005.

M. Nemer, F. Osman and A. Said Annals of Hepatology 29 (2024) 101491

7

https://doi.org/10.1038/s41575-018-0082-x
https://doi.org/10.1038/s41575-018-0082-x
https://doi.org/10.2337/dc18-0071
https://doi.org/10.1093/qjmed/hcv172
https://doi.org/10.1093/qjmed/hcv172
https://doi.org/10.3390/nu13051442
https://doi.org/10.3390/nu13051442
https://doi.org/10.1002/hep.24242
https://doi.org/10.1002/hep.24242
https://doi.org/10.1053/j.gastro.2015.04.005
https://doi.org/10.1053/j.gastro.2015.04.005

	Dietary macro and micronutrients associated with MASLD: Analysis of a national US cohort database
	1. Introduction
	2. Materials and methods
	2.1. Study design and population
	2.2. Data collection
	2.3. Statistical analysis
	2.4. Ethical statements

	3. Results
	3.1. Study population
	3.2. Micro and macronutrient variables

	4. Discussion
	5. Conclusions
	Funding
	Author contributions
	Declaration of interests
	References


