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Abstract
Objective: To explore the association between dietary Na intake and non-alcoholic
fatty liver disease (NAFLD) in a nationally representative sample of theUSpopulation.
Design: In this cross-sectional study, the associations betweenNa intake and NAFLD,
defined by the hepatic steatosis index (HSI) and the fatty liver index (FLI), were
assessed through multivariable logistic regression models.
Setting: Communities in the USA from 2007 to 2014.
Participants: Men and women aged 20 years and older.
Results: A total of 11 022 participants were included in the HSI-defined NAFLD
analysis, and a subsample of 5320 participants was included in the FLI-defined
NAFLD analysis. Compared with the lowest quartile of Na intake, the highest
quartile had a multivariate-adjusted OR and 95% CI of 1·46 (1·29, 1·65) for NAFLD
as defined by HSI, and 1·41 (1·18, 1·69) for NAFLD as defined by FLI. This association
was, to some degree, attenuated but remained significant after adjusting for several
related metabolic parameters, including BMI, hypertension, hypercholesterolaemia,
and diabetes.
Conclusions: Findings from the current study indicate that dietary Na intake is
positively associated with NAFLD in US adults.
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Non-alcoholic fatty liver disease (NAFLD) is a hepatic clin-
icopathologic disorder that is histologically similar to alco-
holic liver disease, but occurs in the absence of excessive
alcohol consumption or alternative causes of hepatic
fat accumulation. NAFLD is usually diagnosed with an
imaging-based technology or a blood-based biomarker
test and is characterised by excessive fat accumulation
and persistent abnormal enzyme catalytic activities in the
liver. A number of metabolic syndromes, such as obesity,
diabetes, hypertension and insulin resistance, have been
linked to NAFLD, which may contribute/promote its
progression to cirrhosis, liver failure and hepatocellular
carcinoma(1–3). As a leading cause of chronic liver disease
worldwide, the global prevalence of NAFLD was estimated
to be around 24 %. In the USA, over 30 % of the population
is affected by NAFLD(4–6).

High dietary Na intake has been widely reported to be
associated with elevated blood pressure (BP)(7), an
increased risk of CVD(8), insulin resistance(9,10) and over-
weight/obesity(11–13). The linkage between Na intake and
NAFLD was established by a few studies. Through a large
population-based evaluation performed in Korea, Huh
et al.(14) demonstrated that high Na intake is independently
associated with an increased risk of NAFLD and advanced
liver fibrosis, while Choi et al.(15) found that higher
Na intake is associated with a greater prevalence of
NAFLD in young and middle-aged asymptomatic adults.
However, the relationship between Na intake and
NAFLD has not yet been evaluated in the US population.
In the current study, utilising data from the National
Health and Nutrition Examination Survey (NHANES)
(2007–2014), we explored the relationship between dietary
Na intake estimated from two timed 24-h dietary recalls and
NAFLD defined by the hepatic steatosis index (HSI) and the
fatty liver index (FLI) in US adults.†These authors contributed equally to this work.
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Methods

Study population
The data utilised in the current study were collected
from NHANES. NHANES is a programme that administers
ongoing cross-sectional surveys conducted by the
National Center for Health Statistics (NCHS), which is a part
of the Centers for Disease Control and Prevention (CDC).
A major objective of NHANES is to estimate the number
and percentage of people in the USA, and in designated
subgroups, with selected diseases and risk factors(16).
In total, 40 617 individuals completed the interviews in
the NHANES 2007–2014 cohort (10 149 in NHANES
2007–2008, 10 537 in NHANES 2009–2010, 9756 in
the NHANES 2011–2012, and 10 175 in the NHANES
2013–2014). Participates who met the following conditions
were excluded: (1) age<20 years (n 17 135); (2) dietary
data considered unreliable if the total energy intake from
any 24-h recall was <2092 or >20 920 kJ/d for women,
and <2092 or >33 472 kJ/d for men (n 5448); (3) any spe-
cial diet for medical reasons, weight loss or other purposes
was employed during the investigation (n 2740); (4) preg-
nant women (n 185); (5) heavy alcohol drinking as defined
by>21 drinks per week in men and>14 drinks per week in
women (n 2784)(17); (6) serum hepatitis B surface antigen
(HBsAg) or serum hepatitis C antibody were positive
(n 233). In addition, we excluded 1070 subjects whose
BMI, BP, HbA1c, serum alanine aminotransferase (ALT),
aspartate aminotransferase (AST) or total cholesterol (TC)
data were not available. Thus, a study population of
11 022 participants was included in the HSI-defined
NAFLD analysis. As FLI requires fasting blood tests,

a subsample of 5320 participants was included in the
FLI-defined NAFLD analysis. A detailed flowchart depicting
participant selection is shown in Fig. 1.

Data collection
Data were collected during interviews in the participants’
homes and through medical examinations and subsequent
laboratory assessments in the mobile examination centre
(MEC). The NHANES interviews were completed by
trained interviewers in participants’ homes using a
computer-assisted personal interview system. The ques-
tionnaire contained a number of questions on demographics,
health conditions and lifestyles such as smoking, drinking
and physical activity.

The NHANES 2007–2014 ethnicity variable included
Mexican American, other Hispanic, non-Hispanic White,
non-Hispanic Black and other races. To facilitate analysis,
we merged Mexican American and other Hispanic into one
group (Hispanic). The 2007–2014 Department of Health
and Human Services’ (HHS) poverty guidelines were used
to calculate family monthly poverty level index by dividing
family income by the poverty guidelines, specific to family
size as well as the appropriate year and state. The index
was then grouped into three categories (≤1·30, 1·31
−1·85 and >1·85), and we used the family monthly poverty
level category as the house income variable in the present
analysis.

With respect to lifestyle variables, smoking status was
categorised into current, former and never smoker accord-
ing to participants’ answers. Participants who drank alcohol
at least twelve times in the previous year were defined as

NHANES 2007–2014 (n 40 617)

Age ≥ 20 years (n 23 482)

Age < 20 years (n 17 135)

Exclusion

Unreliable dietary data (n 5448)

Any special diet (n 2740)

Pregnant women (n 185)

Heavy drinking (n 2784)

HBsAg or Anti-HCV positive (n 233)

Meet the inclusion criteria (n 12 092)

Final analysis (n 11 022)

Subsample for FLI (n 5320)

Missing data (n 1070)

BMI, SBP, DBP, HbA1c, TC, ALT, AST

Fig. 1 Flowchart of participant selection
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drinkers. For physical activity, metabolic equivalent
(MET)-h/week was calculated with the formula: (MET-h/
week= d × duration ×MET level).

Body weight (kg) was measured using a digital weigh-
ing scale, and standing height (cm) was measured using a
stadiometer. BMI was calculated using the formula: weight
(kg)/(height [m])2. Waist circumference (WC) was mea-
sured to the nearest 0·1 cm at the end of the participant’s
normal expiration using a tape by the standard method.
For BP measurement, the participants were asked to sit
in a height-adjustable office-style chair. BP readings may
begin after the participant has been seated and resting
quietly for at least 5 min. Themean of three systolic and dia-
stolic BP readings was used in the analysis. Hypertension
was defined as a systolic BP≥140 mmHg or a diastolic
BP≥90 mmHg, and/or current use of antihypertensive
medication.

The dietary interview component, called What We Eat
in America (WWEIA), is conducted as a partnership
between the US Department of Agriculture (USDA) and
the US Department of Health and Human Services
(DHHS). Under this partnership, DHHS’ National Center
for Health Statistics is responsible for survey sample
design and all aspects of data collection, and USDA’s
Food Surveys Research Group (FSRG) is responsible for
dietary data collection methodology, maintenance of data-
bases used to code and process the data, and data review
and processing(16). NHANES participants are eligible for
two 24-h dietary recall interviews. The first dietary recall
interview was collected face-to-face in the MEC, and the
second interview was collected via telephone 3–10 d later.
Dietary intake was estimated as a mean of the two
dietary recalls. Energy-adjusted dietary Na intake (mg per
8368 kJ) was used as the main exposure variable. Total
energy, dietary protein, SFA, PUFA, cholesterol and total
sugar intakes were included as potential confounding
factors in the analysis.

Laboratory tests and clinical definitions
Serum ALT was measured by a kinetic rate method. AST
and gamma-glutamyl transferase (GGT) were measured
by enzymatic rate methods. HbA1C was measured
by HPLC, and we defined diabetes as HbA1c ≥6·5 %
and/or current treatment with a hypoglycaemic agent
or insulin. The laboratory method used for TAG and
TC measurement were enzymatic assays. We defined
hypercholesterolaemia on the basis of TC ≥6·2 mmol/l
or current medication use.

Definition of NAFLD
NAFLD was defined using HSI and FLI, both of which
have been validated externally and used in epidemiologic
studies, in the absence of other causes of chronic liver
disease(17–20).

HSI was calculated using the published formula:
HSI = 8 × (ALT/AST ratio)þ BMI (þ2, if female; þ2, if
diabetes).

NAFLD was defined as HSI>36 according to a previous
publication(18).

FLI was calculated with the following formula: FLI=
(e0·953× loge (TAG)þ 0·139×BMIþ 0·718× loge (GGT)þ 0·053×WC – 15·745)/
(1þ e0·953× loge (TAG)þ 0·139×BMIþ 0·718× loge (GGT)þ 0·053×WC – 15·745)
× 100.

NAFLD was defined as FLI≥60 in accordance with a
previous publication(19).

Statistical analysis
Data are presented as mean ± SD or median (P25, P75) for
continuous variables, and as percentages for categorical
variables. We tested differences in characteristics between
groups with one-way ANOVA or Wilcoxon rank-sum test
for continuous variables according to whether the continu-
ous variable was normally distributed, and with χ2 test for
categorical variables. The OR and 95 % CI of the second,
third and fourth quartiles of Na intake were estimated using
multivariate non-conditional logistic regressionmodels that
used the first quartile as the reference. To test for trends, we
calculated themedian amount of Na intake in each quartile,
and then modelled these median values as a continuous
variable in all models. Potential covariates such as age,
sex, ethnicity, education levels, family monthly poverty
level categories, metabolic equivalent, smoking status,
drinking status, total energy, dietary protein, SFA, PUFA,
cholesterol and total sugar intakes were included in the
multivariate models. Considering that some metabolic-
related variables may share their aetiology with NAFLD,
and that they may play a mediating role in the relationship
between Na intake and NAFLD, we further adjusted
for BMI, hypertension, hypercholesterolaemia and dia-
betes separately. We also conducted subgroup analyses
according to age group, sex and ethnicity. A two-tailed
P value<0·05 was considered statistically significant. All
analyses were performed using SAS, version 9.4 (SAS
Institute).

Results

Data from 11 022 participants (5293 men and 5729
women) with a mean age of 51·7 ± 17·6 years were
analysed in the current study. The mean energy-adjusted
dietary Na intake of the participants was 3370·4 ±
841·3 mg/d. The prevalence of NAFLD as defined by HSI
was 52·6 %, and the prevalence of NAFLD as defined by
FLI was 40·1 %. The characteristics of the population
according to the quartile categories of energy-adjusted
Na intake are shown in Table 1. Overall, participants with
a high relative intake of Na were more likely to be men,
other races or diagnosed with hypertension or diabetes.
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Table 1 Characteristics of the study population according to quartile categories of energy-adjusted sodium intake (NHANES 2007–2014)

Energy-adjusted Na intake (mg per 8368 kJ)

P

All (N 11 022) Quartile 1 (N 2758) Quartile 2 (N 2752) Quartile 3 (N 2756) Quartile 4 (N 2756)

Characteristics n % N % n % n % n %

Age (years)
Mean 51·7 51·9 51·6 51·0 52·2 0·0662
SD 17·6 17·6 17·5 17·4 17·7

Sex
Men 5293 48·0 1275 46·2 1289 46·8 1332 48·3 1397 50·7 0·0045
Women 5729 52·0 1483 53·8 1463 53·2 1424 51·7 1359 49·3

Ethnicity
Hispanic 2484 22·5 702 25·5 623 22·6 636 23·1 523 19·0 <0·0001
White 5307 48·2 1319 47·8 1336 48·6 1328 48·2 1324 48·0
Black 2198 19·9 585 21·2 570 20·7 559 20·3 484 17·6
Others 1033 9·4 152 5·5 223 8·1 233 8·5 425 15·4

Education categories
Less than fifth grade 2518 22·9 705 25·6 607 22·1 609 22·1 597 21·7 0·0076
Fifth to eighth grade 2480 22·5 622 22·6 611 22·2 627 22·8 620 22·5
More than or equal to ninth grade 6024 54·7 1431 51·9 1534 55·7 1520 55·2 1539 55·8

Family monthly poverty levels
≤1·30 3318 30·1 893 32·4 822 29·9 786 28·5 817 29·6 <0·0001
1·31~1·85 1955 17·7 546 19·8 443 16·1 480 17·4 486 17·6
>1·85 5749 52·2 1319 47·8 1487 54·0 1490 54·1 1453 52·7

Smoking status
Current 1738 15·8 520 18·9 424 15·4 419 15·2 375 13·6 <0·0001
Former 2808 25·5 656 23·8 685 24·9 675 24·5 792 28·7
Never 6476 58·8 1582 57·4 1643 59·7 1662 60·3 1589 57·7

Drinking 7051 64·0 1742 63·2 1743 63·3 1773 64·3 1793 65·1 0·4178
Physical activity (MET-h/week)
Median 16·0 16·0 16·0 18·0 14·7 0·0007
P25, P75 0·0, 57·0 0·0, 60·0 0·0, 56·7 1·0, 60·0 0·0, 52·0

BMI (kg/m2)
Mean 28·7 28·0 28·8 29·0 28·9 <0·0001
SD 6·6 6·2 6·6 6·7 6·8

ALT (IU/l)
Mean 24·0 23·5 23·9 24·6 24·1 0·1229
SD 16·9 17·1 13·4 21·5 14·3

AST (IU/l)
Mean 25·1 25·1 24·8 25·3 25·1 0·6590
SD 15·6 11·7 9·2 21·0 17·6

Hypertension 4099 37·2 964 35·0 1036 37·7 1000 36·3 1099 39·9 0·0013
Hypercholesterolaemia 3381 30·7 793 28·8 879 31·9 840 30·5 869 31·5 0·0489
Diabetes 1316 11·9 249 9·0 283 10·3 356 12·9 428 15·5 <0·0001
Selected dietary nutrients
Total energy (kJ/d)
Mean 8462·1 8782·2 8791·4 8554·6 7721·2 <0·0001
SD 3167·7 3312·9 3202·0 3178·2 2837·2
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No significant differences were found in age, drinking sta-
tus and serum ALT or AST levels.

The prevalence and adjusted OR with 95 % CI for
NAFLD according to the quartile categories of Na intake
are shown in Table 2. The prevalence of NAFLD as defined
by HSI in the first, second, third and fourth quartile was
47·8, 52·8, 55·2 and 54·7 %, respectively. The prevalence
of NAFLD as defined by FLI in these four categories was
36·5, 39·6, 40·8 and 43·3 %, respectively. Multivariate-
adjusted logistic regression models showed a positive
association between Na intake and NAFLD after adjusting
for age, sex, ethnicity, education levels, family monthly
poverty level categories, metabolic equivalent, smoking
status, drinking status, total energy, dietary protein, SFA,
PUFA, cholesterol and total sugar intakes. Compared with
the lowest quartile of Na intake, the highest quartile had a
multivariate-adjusted OR and 95 % CI of 1·46 (1·29, 1·65)
for NAFLD as defined by HSI, and 1·41 (1·18, 1·69) for
NAFLD as defined by FLI.

Considering that some metabolism-related variables
may play a role in modulating the relationship between
Na intake and NAFLD, we further adjusted for several
metabolic-related parameters, including BMI, hyperten-
sion, hypercholesterolaemia and diabetes, separately.
We found that the relationship between Na intake and
NAFLD as defined by HSI was somewhat attenuated but
remained significant after the adjustment. Similar results
were found for NAFLD as defined by FLI in addition to
the case where BMI was included in the model (Table 3).

The adjustedORwith 95 % CI for NAFLD comparing the
highest with the lowest quartile of Na intake stratified by
demographic characteristics are presented in Fig. 2. The
relationship between Na intake and NAFLDwas consistent
throughout the whole population, and was not affected by
sex or age.

Discussion

In this cross-sectional study conducted on a nationally rep-
resentative sample of US adults, we found that a higher Na
intake was independently associated with NAFLD as
defined by both HSI and FLI after adjusting for a variety
of confounding factors including demographics, lifestyle
and dietary nutrients intake. This association was some-
what attenuated but remained significant even after adjust-
ing for BMI, hypertension, hypercholesterolaemia and
diabetes separately.

Prior to the current study, only two studies estimated
the relationship between dietary Na intake and NAFLD
in Korean adults. One study analysed data from 27 433 par-
ticipants in the Korea National Health and Nutrition
Examination Surveys (2008–2010) and found that the
prevalence of NAFLD as assessed by both FLI and HSI
was significantly higher in the highest estimated 24-h uri-
nary Na excretion tertile group. A significant associationT
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was also found between higher estimated 24-h urinary Na
excretion and NAFLD. OR (95 % CI) comparing the highest
with the lowest tertiles of Na excretion were 1·39 (1·26,
1·55) for the HSI-defined NAFLD, and 1·75 (1·39, 2·20)
for the FLI-defined NAFLD(14). However, the technique of
estimating 24-h Na excretion with spot urine specimens
using Tanaka’s equation that was utilised in the current
study has been criticised because of the large bias in the
estimation of individual salt intake(21,22). In addition,
detailed information on physical activity level, an important

factor for NAFLD, was not included(23). Another studywas a
hospital-based cross-sectional analysis of 100 177 partici-
pants (46 596 men and 53 581 women) who underwent
a health screening examination. It suggested that there
was a correlation between Na intake and prevalence of
NAFLD in young and middle-aged asymptomatic Korean
adults. The multivariable-adjusted prevalence ratios (PR)
comparing the highest with the lowest quintile of energy-
adjusted Na intake were 1·25 (95 % CI 1·18, 1·32) in men
and 1·32 (95 % CI 1·18, 1·47) in women. The association

Table 3 OR with 95% CI for non-alcoholic fatty liver disease (NAFLD) according to the quartiles of sodium intake after adusting for several
intermediate variables separately*

Energy-adjusted Na intake (mg per 8368 kJ)

Quartile 2 Quartile 3 Quartile 4

Quartile 1 OR 95% CI OR 95% CI OR 95% CI Ptrend

HSI-defined NAFLD
Multivariable-adjusted† 1·00 (Ref) 1·25 1·11, 1·39 1·37 1·22, 1·54 1·46 1·29, 1·65 <0·0001
Plus BMI 1·00 (Ref) 1·05 0·86, 1·30 1·06 0·86, 1·32 1·30 1·04, 1·64 0·0243
Plus hypertension 1·00 (Ref) 1·22 1·09, 1·37 1·36 1·21, 1·53 1·42 1·26, 1·61 <0·0001
Plus hypercholesterolaemia 1·00 (Ref) 1·23 1·10, 1·37 1·36 1·21, 1·53 1·45 1·28, 1·64 <0·0001
Plus diabetes 1·00 (Ref) 1·25 1·11, 1·39 1·34 1·19, 1·51 1·41 1·24, 1·59 <0·0001

FLI-defined NAFLD
Multivariable-adjusted† 1·00 (Ref) 1·16 0·99, 1·37 1·20 1·01, 1·42 1·41 1·18, 1·69 0·0002
Plus BMI 1·00 (Ref) 0·95 0·73, 1·24 0·89 0·68, 1·18 1·08 0·80, 1·44 0·6643
Plus hypertension 1·00 (Ref) 1·13 0·95, 1·33 1·18 0·99, 1·41 1·37 1·14, 1·65 0·0008
Plus hypercholesterolaemia 1·00 (Ref) 1·14 0·96, 1·34 1·20 1·01, 1·42 1·41 1·18, 1·69 0·0002
Plus diabetes 1·00 (Ref) 1·16 0·98, 1·37 1·15 0·97, 1·37 1·34 1·11, 1·61 0·0031

FLI, fatty liver index; HSI, hepatic steatosis index.
*OR (95% CI) was calculated by logistic regression models.
†Estimates obtained with model 3 as shown in Table 2.

Table 2 Prevalence and adjusted OR with 95% CI for non-alcoholic fatty liver disease (NAFLD) according to the quartile categories of
sodium intake*

Energy-adjusted Na intake (mg per 8368 kJ)

PtrendQuartile 1 Quartile 2 Quartile 3 Quartile 4

HSI-defined NAFLD
N 2758 2752 2756 2756
Median of Na (mg/d) 2510·5 3056·2 3525·1 4258·2
No. of cases 1317 1453 1521 1508
Prevalence (%) 47·8 52·8 55·2 54·7 <0·0001

OR 95% CI OR 95% CI OR 95% CI
Model 1† 1·00 (Ref) 1·23 1·10, 1·37 1·36 1·22, 1·51 1·34 1·20, 1·49 <0·0001
Model 2‡ 1·00 (Ref) 1·28 1·15, 1·43 1·44 1·29, 1·60 1·54 1·37, 1·72 <0·0001
Model 3§ 1·00 (Ref) 1·25 1·11, 1·39 1·37 1·22, 1·54 1·46 1·29, 1·65 <0·0001

FLI-defined NAFLD
N 1331 1329 1332 1328
Median of Na (mg/d) 2520·5 3064·8 3524·8 4264·7
No. of cases 486 526 544 575
Prevalence (%) 36·5 39·6 40·8 43·3 0·0002

OR 95% CI OR 95% CI OR 95% CI
Model 1† 1·00 (Ref) 1·15 0·98, 1·34 1·21 1·04, 1·42 1·32 1·13, 1·54 0·0006
Model 2‡ 1·00 (Ref) 1·21 1·03, 1·42 1·27 1·08, 1·49 1·51 1·28, 1·78 <0·0001
Model 3§ 1·00 (Ref) 1·16 0·99, 1·37 1·20 1·01, 1·42 1·41 1·18, 1·69 0·0002

FLI, fatty liver index; HSI, hepatic steatosis index.
*OR (95% CI) was calculated by logistic regression models.
†Model 1 was adjusted for age and sex.
‡Model 2 was adjusted for variables in model 1 plus ethnicity, education levels, family monthly poverty level categories, metabolic equivalent, smoking status, drinking status
and total energy intake.
§Model 3 was adjusted for variables in model 2 plus dietary protein, SFA, PUFA, cholesterol and total sugar intakes.
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became attenuated when additionally adjusted for body fat
percentage. The corresponding PR of NAFLD was 1·15
(95 % CI 1·09, 1·21) in men and 1·06 (95 % CI 0·95, 1·17)
in women(15). However, a limitation of the current study
is that the population included was not a nationwide ran-
dom sample given that the study designwas hospital-based
but not community-based.

NAFLD has been considered the hepatic component of
metabolic syndrome,with excessive fat accumulation and insu-
lin resistance acting as key factors in its pathophysiology(5,6).
Animal studies have demonstrated a significant association
between increased Na intake and insulin resistance(9,10).
A potential independent association between Na intake and
obesity has been reported in population studies. A study based
on the UK National Diet and Nutrition Survey rolling pro-
gramme that included 785 adults reported that a 1 g/d higher
salt intakewasassociatedwithhigheroddsofbeingoverweight
or obese of 26% (OR1·26; 95%CI 1·16, 1·37) after adjusting for
several potential confounding factors, including energy
intake(11). A cross-sectional study based on data from a sample
of 730 participants aged 20–69 years found that a 1000 mg/d
higher Na excretion was significantly associated with 3·8 units

higher BMI (95% CI 2·8, 4·8 kg/m2). Compared with partici-
pants in the lowest quartile of Na excretion, the adjusted
PR in the highest quartile was 1·93 (95% CI 1·69, 2·20) for
overweight/obesity(12). The International Study of Macro-/
Micro-nutrients and Blood Pressure (INTERMAP Study)
reported that a 1 g/d higher salt intake was associated with
odds of overweight/obesity 21% higher in Japan, 4% higher
in China, 29% higher in the UK and 24% higher in the
USA(13). Considering that some metabolic parameters such as
BMI may play a mediating role in the relationship between
Na intake and NAFLD, we further adjusted for BMI, hyperten-
sion, hypercholesterolaemia and diabetes, and found that the
relationship between Na intake and NAFLD was reduced but
remained statistically significant. An exception is that the
association between Na intake and FLI-defined NAFLD was
non-significant after adjusting for BMI, likely due to the fact that
FLI-defined NAFLD is body weight-oriented. The formula for
FLI includes both BMI and WC(19).

Although the mechanisms underlying Na intake in rela-
tion to NAFLD remain unclear, experimental studies
showed that a high-salt diet enhanced insulin sensitivity
in adipocytes, which improved glucose uptake and insu-
lin-induced glucose metabolism, promoted adipocyte
hypertrophy, and increased the mass of white adipose
tissue and leptin production in rats(10,24). A recent study
in mice showed that a high salt intake activated the aldose
reductase–fructokinase pathway in the liver and hypo-
thalamus, leading to endogenous fructose production
with the development of leptin resistance and hyperphagia
that caused obesity, insulin resistance and a fatty liver(25).

To the best of our knowledge, the current study is the
first to explore the association between dietary Na intake
and NAFLD using a nationally representative sample of
US adults, with a large sample size and comprehensive
covariates included in the multivariate regression models.
The mean energy-adjusted dietary Na intake of the partici-
pants was 3370·4 ± 841·3 mg/d in the current study,
much more than 2300 mg/d recommended by the
Dietary Guidelines for Americans(26). Our current study
provides new evidence for the health hazards of excessive
Na intake. Our study has several limitations. First, the def-
inition of NAFLD was not based on hepatic imaging and
biopsy but rather on predictive equations. Although
hepatic imaging and biopsy methods have a better accu-
racy for the diagnosis of NAFLD, it is difficult to apply these
methods in large-scale population studies. Second, we
used two timed 24-h dietary recalls to estimate Na intake
instead of 24-h urine collections, which is considered a gold
standard for the estimation of Na intake in humans. To
overcome this limitation, we took some measures to min-
imise the measurement bias caused by 24-h dietary recalls.
For example, we excluded 5448 participants whose dietary
data were considered unreliable. We also excluded 2740
participants with any special diet for medical reasons,
weight loss or other purposes during the investigation.
Even so, 24-h dietary recall has its inherent limitations,

Subgroup Adjusted OR 95 % Cln

HSI-defined NAFLD
Sex

5293 1·46 1·22, 1·74
1·55 1·30, 1·85

1·47 1·16, 1·86
1·79 1·43, 2·22
1·32 1·07, 1·62

1·49 1·14, 1·94
1·60 1·35, 1·91
1·25 0·94, 1·66
0·68 0·43, 1·09

1·37 1·06, 1·77
1·64 1·27, 2·13

1·22 0·84, 1·76
1·68 1·22, 2·30
1·51 1·03, 2·02

1·29 0·90, 1·85
1·51 1·16, 1·95
1·84 1·20, 2·80
0·64 0·28, 1·46

5729

3192
3681
4149

2484
5307
2198
1033

2545
2775

1535
1803
1982

1260
2566
977
517

0 0·5 1·5 2·52 31

Men
Women
Age group
20–39 years
40–59 years

Ethnicity
Hispanic
White
Black
Others

FLI-defined NAFLD
Sex

60 years–

Men
Women
Age group
20–39 years
40–59 years

Ethnicity
Hispanic
White
Black
Others

60 years–

Fig. 2 OR with 95% CI for non-alcoholic fatty liver disease
(NAFLD) comparing the highest with the lowest quartile of
sodium intake stratified by demographic characteristics. Sex
subgroups were adjusted for age, ethnicity, education levels,
family monthly poverty level categories, metabolic equivalent,
smoking status, drinking status, total energy, dietary protein,
SFA, PUFA, cholesterol and total sugar intakes. Age subgroups
were adjusted for age, sex, ethnicity, education levels, family
monthly poverty level categories, metabolic equivalent, smoking
status, drinking status, total energy, dietary protein, SFA, PUFA,
cholesterol, and total sugar intakes. Ethnicity subgroups were
adjusted for age, sex, education levels, family monthly poverty
level categories, metabolic equivalent, smoking status, drinking
status, total energy, dietary protein, SFA, PUFA, cholesterol and
total sugar intakes. The quartile of Na intake in each subgroup
was calculated separately
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and two times of 24-h dietary recalls cannot reflect the
long-term dietary habits. Multiple 24-h urine collections
are needed to evaluate the relationship between Na intake
and NAFLD in the future. Third, cross-sectional studies
cannot provide information on temporal associations.
Hence, a long-term prospective cohort analysis may be
needed to better understand this relationship.

In conclusion, our findings indicate that dietary Na
intake is positively associated with NAFLD in the US
population. Further studies with a comprehensive molecu-
lar method are required to uncover the mechanisms under-
lying this association.
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