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The study aimed to investigate the association of adults adhering to Dietary Approaches
to Stop Hypertension (DASH) and Mediterranean diet (MeD) with nonalcoholic fatty liver
disease (NAFLD) using structural equation modeling (SEM) in Iran. In this population-
based cross-sectional study, 3,220 adults (44.65% female) aged ≥18 years were
selected from the Amol Cohort Study (AmolCS). The dietary intakes were assessed
by a validated 168-item semi-quantitative food-frequency questionnaire (FFQ). Residual
method energy adjustment of MeD and DASH scores were calculated. Demographic
characteristics and anthropometric and laboratory measurements were collected.
NAFLD was diagnosed by an expert radiologist via ultrasound sonography. Based on
the primary hypothesis, DASH, MeD, and NAFLD were fitted into models. Metabolic
syndrome (MeS) as a potential risk factor directly affected NAFLD risk in all these
models. In both genders, the higher adherence to DASH negatively affected NAFLD
risk indirectly through the two following paths. (1) Dietary acid load (DAL) and metabolic
syndrome (2) DAL and hemoglobin A1c (HbA1c). In addition, the higher DAL positively
affected NAFLD risk among male participants indirectly via increasing HbA1c level and
MeS (from DAL to HbA1c: β = 0.07, P < 0.001; from HbA1c to MeS: β = 0.10,
P < 0.001). Similarly, in both genders, the relationship between MeD and NAFLD was
mediated through (1) DAL, HbA1c, and MeS and (2) DAL and MeS. Further, among
male participants, the MeD and NAFLD risk were also associated via the mediators of
HbA1c and MeS. In female participants, the higher MeD score was directly associated
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with a reduction of NAFLD risk (β = −0.07, P = 0.008). The present study found three
important mediators, including DAL, HbA1c, and MeS, in the association of DASH and
MeD scores with NAFLD risk. Preventive and therapeutic interventions should target
the mediators, including DAL, HbA1c, MeS, and its components, to reduce NAFLD
incidence in the general population.

Keywords: Mediterranean diet, DASH, NAFLD, dietary acid load, HbA1c, metabolic syndrome, structural
equation model

INTRODUCTION

Worldwide, the prevalence of nonalcoholic fatty liver disease
(NAFLD) has increased due to the global increase in overweight
and obesity (1, 2). Globally, 25% of the adult population suffers
from NAFLD, and its rate was reported to be as high as 40% in
some Asian countries (1, 3, 4). The prevalence of NAFLD has
been reported with wide variations in different areas of Iran.
Indeed, based on a meta-analysis study, the total prevalence of
NAFLD was 33.9% in Iran, whilst, in comparison, this rate was
reported at 16.47 and 43.8% in Shahrekord (southwest of Iran)
and Amol (north of Iran), respectively (5–8).

Nonalcoholic fatty liver disease is diagnosed based on fat
accumulation in 5% of hepatocytes by histological assessment
or non-invasive imaging (2, 9). NAFLD patients are at higher
risk for progression to cirrhosis or directly to Hepatocellular
Carcinoma (HCC) (2, 4). NAFLD is a multifactorial disease
that involves many risk factors related to lifestyle and diet,
including metabolic syndrome (MeS), obesity, type 2 diabetes
mellitus, dyslipidemia, and insulin resistance (4, 10). Indeed,
several studies have demonstrated that obesity, diabetes, and MeS
increase NAFLD risk (11–13).

Nutrition is one of the most critical factors affecting the
development of NAFLD. The different dietary patterns and
habits can prevent or, conversely, increase the progression of
NAFLD (14, 15). The relationship between dietary patterns
and NAFLD has been evaluated in several studies (8, 16–
18), and it has been shown that the Mediterranean diet
(MeD) (19) and Adherence to the Dietary Approaches to Stop
Hypertension (DASH) were inversely associated with NAFLD
(18, 20–23).

Iranian clinicians recommend MeD as a dietary choice for
NAFLD treatment according to the EASL-EASD-EASO Clinical
Practice Guidelines, which is effective mainly through reducing
insulin resistance and lipid serum concentrations (24). A high
intake of plant-based foods such as fruits, vegetables, legumes,
nuts and seeds, whole grains, and foods rich in monounsaturated
fatty acids (MUFA) characterizes the MeD (25), which is
associated with a lower risk of many chronic diseases (26–28).
In addition to MeD, the DASH diet, which is a low-glycemic
index, low sodium, low-energy-dense dietary pattern rich in
phytoestrogens, magnesium, potassium, and dietary fiber (29),
has been shown to improve blood pressure and hyperlipidemia,
which may also translate to protective effects in NAFLD (30).
Despite the apparent benefits of the MeD and DASH diet in
lowering the risk of chronic diseases (31, 32), evidence for their
effectiveness in NAFLD is scarce (22, 23).

The majority of existing research on this issue has focused
on western populations, and not all studies examined these
healthy dietary patterns compliance using a uniform scale.
However, the relationship between these dietary patterns has
not been well investigated in the Middle Eastern population,
including Iran, which has different dietary patterns of DASH
and MeD components than those in North America and Europe,
where the scores were initially developed (20, 33). Previous
studies have investigated the relationship between healthy dietary
patterns and NAFLD prevalence using the first generation of
multivariate techniques, which are limited by performing each
analysis separately (34–36). Since the predisposing nutritional,
lifestyle, and metabolic factors of NAFLD are closely interrelated,
considering the mediators of these associations, rather than
merely examining their direct associations, might help us better
understand how these variables contribute to the development of
NAFLD. Given that there is no approved specific medical therapy
for NAFLD, and lifestyle modifications are the cornerstone
of treatment for NAFLD, providing a comprehensive model
addressing the mechanisms of the effect of dietary patterns on
NAFLD to prevent or intervene on NAFLD is needed.

Accordingly, the purpose of the present study was to examine
the association of DASH and MeD with NAFLD using structural
equation modeling (SEM) while considering the effect of other
variables on both dietary patterns and NAFLD among Iranian
adults. SEM is increasingly popular, and it is a multivariate
analysis technique that enables the measurement of both direct
and indirect effects of variables and incorporates models with
multiple dependent variables by using several regressions (37).

Conceptual Framework
According to the literature review, a conceptual model
consisting of baseline predictors, mediators, and the NAFLD
outcome was developed (Figure 1).

In this study, the following hypotheses were tested:
Several studies have revealed the association between

demographics with dietary patterns (38–40), and according to
Mumme et al., females had higher scores of MeD (39). A previous
study showed that greater age was positively associated with
higher MeD adherence (40) (Hypothesis 1.1).

• Most researchers have reported that MeS prevalence was
related to demographic characteristics, including aging
(41–44) (Hypothesis 1.2).
• NAFLD was also associated with age and gender and

was more prevalent in older people and women (45, 46)
(Hypothesis 1.3).
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• Healthy lifestyle factors were expected to be related to
DASH or MeD patterns and decreased metabolic disorders
such as MeS and NAFLD. According to the findings of a
study, optimal adherence to the MeD was directly related to
education, non-smoking and higher physical activity levels
(47, 48) (Hypothesis 2.1).
• Many lifestyle factors affect the occurrence of MeS, and

dietary habits and physical activity are the main factors (49).
The prevalence of MeS is increasing worldwide due to the
increased prevalence of obesity and a sedentary lifestyle (50)
(Hypothesis 2.2).
• Increasing obesity due to low physical activity levels and

a sedentary lifestyle is an important predictor of NAFLD
(51). Lifestyle modification is the primary treatment of
NAFLD. Physical activity and MeD have effectively reduced
the NAFLD score (52) (Hypothesis 2.3).
• Acid levels are higher in diets that include more

animal products than fruits and vegetables (53). Diet
acidosis and acid load are estimated using established
methods, including net endogenous acid production
(NEAP), potential renal acid load (PRAL), endogenous acid
excretion (NAE), and dietary acid load (DAL). MeD and
DASH contain higher amounts of fruits and vegetables, and
it contributes to lower NEAP and PRAL and, therefore, a
lower acid load (54). Higher scores of DAL are associated
with adverse health outcomes, and adherence to MeD and
DASH was associated negatively with DAL indices (54, 55)
(Hypothesis 3.1).
• Dietary patterns can affect the expression of inflammatory

biomarkers (56), where several studies have shown that
MeD and DASH effectively improve circulating serum
inflammatory biomarkers, such as C-reactive protein (CRP)
(57, 58) (Hypothesis 3.2).
• MeD maybe had a beneficial effect on glycemic factors

such as hemoglobin A1c (HbA1c) (59, 60). Research has
also observed that DASH improves HbA1c, fasting blood
glucose, and HOMA-IR (31) (Hypothesis 3.3).
• DASH and MeD are inversely associated with MeS (61–64)

(Hypothesis 3.4).
• Since MeS and NAFLD share multiple risk factors, we

expected that DASH/ MeD would be associated inversely
with NAFLD (18, 23, 65) (Hypothesis 3.5).
• DAL can play a role in metabolic acidosis, leading to

inflammation. Based on previous studies, we expected a
positive association between DAL, CRP, and HbA1c (66)
(Hypothesis 4.1 and Hypothesis 4.2).
• The hypothesis is that higher scores of DAL, NEAP, PRAL,

and NAE increase the risk of MeS (55, 67) (Hypothesis 4.3)
and are associated with NAFLD (Hypothesis 4.4) (68).
• Inflammatory biomarkers such as CRP are positively

associated with MeS (69–71) (Hypothesis 5.1).
• Given this evidence, we hypothesized that CRP level is high

in NAFLD patients, and this relationship has been reported
in previous studies (72, 73) (Hypothesis 5.2).
• HbA1c level may be used as a marker in identifying MeS

(74). It has been reported that HbA1c levels ≥5% is a risk
factor for MeS (75) (Hypothesis 6.1).

• We expected that there would be a direct association
between HbA1c level and NAFLD (76, 77) (Hypothesis 6.2),
and NAFLD patients are also at higher risk for developing
MeS (78, 79) (Hypothesis 7).

MATERIALS AND METHODS

Study Population
The current study data were obtained from a large cohort study
in Amol city (AmolCS) in the north of Iran. The details of
the AmolCS are presented elsewhere (80). Briefly, in AmolCS,
a total of 5,147 adults aged ≥18 years in both urban and rural
areas were followed up for MeS, cardiovascular disease (CVD),
diabetes mellitus, and NAFLD. At the beginning of AmolCS,
people who had a history of diseases, including malignancy,
thyroid disorder, autoimmune diseases, and physical and mental
disability, were excluded.

Inclusion and Exclusion Criteria
In this cross-sectional study, the study participants were adults
of Iranian nationality aged ≥18 years, willing to engage in the
study, and longtime inhabitants of Amol. The exclusion criteria
were alcohol consumption (>30 g/day for men and >20 g/day
for women), viral hepatitis, regular consumption of drug-related
steatosis (except for NAFLD), lactation, pregnancy, and following
a specific dietary or physical activity regimens.

A total of 829 subjects were eliminated due to missing data
in assessing abdominal ultrasonography, food frequency
questionnaire (FFQ), and energy intake misreporting.
Finally, data from 3,220 participants (1,438 females and
1,782 males) were analyzed.

The ethics committee of the Iran University of Medical
Sciences (IUMS) approved the study, and all participants signed
written informed consent.

Demographic Characteristics and
Anthropometric Measurements
Demographic characteristics, including age, smoking, physical
activity (MET-h/d), alcohol drinking, and having diseases
including diabetes, MeS, and CVD, were obtained from the
cohort study data. Anthropometric indices [waist circumference
(WC), height, and weight] were measured in the participants, and
body mass index (BMI) was calculated using the BMI = weight
(kg)/height (m2) formula. Weight was measured in light clothing
and reported to the closest 100 g. WC was measured using tape
while standing with feet shoulder-width apart position in the
midpoint between the iliac crest and lowest rib. Blood pressures
were measured in a sitting position after five minutes of rest.
A minimum of two readings at intervals of at least one minute
was obtained, and the average of those readings was reported for
the blood pressure of patients (81).

Laboratory Measurements
One blood sample was drawn from participants after eight
hours of fasting. Blood samples were incubated, and then they
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were centrifuged at 3,000 rpm for ten min. Fasting blood sugar
(FBS), HbA1c, and lipid profiles, including HDL (high-density
lipoprotein), TG (triglycerides), and TC (total cholesterol), were
measured. In addition, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), gamma-glutamyl transferase (GGT),
CRP, hepatitis B virus surface antigens, and hepatitis C virus
antibodies, were all assessed.

The A1C level was measured by a Variant machine (Bio-
Rad, Hercules, CA, United States). The BS200 Auto analyzer
was used to assess laboratory measurements enzymatically
according to the manufacturer’s protocol (Mindray, China). The
Friedewald equation was used to determine serum low-density
lipoprotein cholesterol (LDL) (5). The third-generation ELISA
(Enzyme-Linked Immuno-Sorbent Assay) technique was utilized
to evaluate hepatitis B viruses (HBV) indicators such as HbsAg,
HBsAb, and HBcAb by Acon kits (Acon Laboratory, San Diego,
CA, United States).

The Iranian National Reference Laboratory re-evaluated 10%
of the blood samples, and all laboratory readings were found to
have a variance coefficient of 1.7–3.8%.

Dietary Assessment
A validated semi-quantitative food-frequency questionnaire
(FFQ) was used to evaluate the dietary intakes (82). For each
food item on the list, participants were asked about the usual
frequency of consumption in a commonly used unit or portion
size (daily, weekly, and monthly) over the previous year. The
consumption intake of each food item was calculated as gram/day
by household measures (83). The food composition table (FCT)
of the United States Department of Agriculture (USDA) (84) and
Iranian FCT for traditional Iranian foodstuffs (85) were used to
determine nutrients and energy consumption.

Dietary Approaches to Stopping Hypertension Score
Dietary Approaches to Stopping Hypertension dietary score
as a measure of adherence to the DASH dietary pattern was
calculated using the typical DASH diet rating initially defined
by Fung et al. (29). This method considered quintile intakes
of eight components (vegetables, fruits, whole grains, nuts and
legumes, low-fat dairy products, salt, red and processed meats,
and sweetened drinks). The lowest intake receives one point, and
the highest receives five points. The overall score ranges from 8
(the lowest adherence) to 40 (the highest adherence).

Mediterranean Diet Score
The degree of adherence to the MeD was assessed based on the
Trichopoulou et al. scale (86). Each of the nine components was
assigned a value of 0 or 1 on this scale, using the median as the
cutoff threshold. Participants whose consumption was below the
median for the beneficial components, such as fruits, vegetables,
legumes, nuts, cereal, and fish, were given a value of 0, while
those whose consumption was at or above the median were given
a value of 1. The above coding was inversely applied for dairy
products, poultry, red, and processed meats (below the median
consumption: value 1, equal or above the median consumption:
value 0). Before the score ranking, the adjustment for energy
intake using the residual method was made for all food groups.

Dietary Acid Load
Three scores, including the NEAP, PRAL score, and the net
NAE score, are commonly used to estimate DAL. The intestinal
absorption rates for protein, potassium, calcium, magnesium,
and phosphate define urine pH in healthy adults estimated by the
PRAL score. A positive PRAL or NEAP score reflects an alkaline-
forming potential, whereas a negative score is an acid-forming
indicator (87, 88).

The following formula calculated net acid excretion (NAE):

1) Potential renal acid load (PRAL)

PRAL (mEq/day) = [(0.49× protein [(g/day)] + [(0.037

×phosphorus(mg/day)] − [(0.0211× potassium (mg/day)]

−[0.0263 × magnesium(mg/day)]

−[0.013 × calcium (mg/day)]

2) Organic acids (OA)

OA
(
mEq/day

)
=

[
body surface area

(
m2)]

× 41
(
mEq/day per 1.73 m2) .

3) Body surface area (BSA) (89, 90)

Body surface area
(
m2)
= 0.007184

× height (cm) 0.725× weight
(
kg

)
0.425

4) DAL proxy (NAE)
NAE

(
mEq/day

)
= potential renal acid load(PRAL) +

organic acids (OA) (87)

MeS Definition and Diagnostic
Metabolic syndrome was identified when three of the following
five risk factors were present, according to the National
Cholesterol Education Program Adult Treatment Panel III (91).

• Fasting blood glucose of more than 100 mg/dl or
medication treatment for high blood sugar
• Waist circumference more than 102 cm in men, waist

circumference more than 88 cm in women
• Serum TAG more than 150 mg/dl or TAG therapy with

medication
• Serum HDL levels of less than 40 mg/dl in men and

50 mg/dl in women, or medication treatment for low HDL
levels
• Blood pressure of more than 130/85 mmHg or medication

treatment for high blood pressure.

Abdominal Ultrasonography
Nonalcoholic fatty liver disease was diagnosed by an expert
radiologist using ultrasound sonography. A 3–5 MHz transducer
was used to provide sagittal, longitudinal, lateral, and intercostal
views. In the same way, blurring of portal or hepatic veins, as well
as a significant rise in hepatic echogenicity, were related criteria
for fatty liver confirmation.
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Statistical Analysis
Participant characteristics, including age, physical activity, and
mediating factors, such as DAL, HbA1c, BMI, CRP, MeS,
and its components by gender, were summarized in terms of
Mean ± SD for continuous variable and as a percentage (%) for
categorical variables.

In the current study, the hypothesized model of the direct and
indirect relationship among observed and latent variables was
identified and evaluated through the following steps. First, the
confirmatory factor analysis (CFA) method was applied to verify
the measurement model of MeS and its components by testing the
association among the observed variables and their underlying
latent construct (s). After that, the SEM statistical approach was
applied to test the suggested hypothesis. The model estimation
underwent several iterations. There was no multi-collinearity
issue (r > 0.7 or r < −0.7) between variables, conferring on a
correlation matrix.

The χ2, χ2/df, Root Mean Square Error of Approximation
(RMSEA), goodness-of-fit index (GFI), adjusted goodness-of-
fit index (AGFI), and comparative fit index (CFI) were used
to evaluate the absolute fit of the final models to the data.
A satisfactory model fit was defined as GFI, AGFI, and CFI
values greater than 0.90 and RMSEA values less than 0.08 (92).
All data analyses were conducted by SPSS 24.0 (Chicago, IL,
United States) and AMOS 24.0 software (IBM Corp., Armonk,
NY, United States). The statistical significance level was set,
a priori, at P < 0.05.

RESULTS

Baseline Characteristics of the Study
Participants
Baseline characteristics by gender are shown in Table 1. The
mean age of participants was 46.96 ± 14.67 years, and NAFLD
was diagnosed in 44.6% of participants, with no significant
difference between the two genders. The prevalence of MeS was
significantly higher in females (P < 0.001). Significant differences

between males and females were observed in all anthropometric,
lifestyle, and laboratory variables, except for LDL (P = 0.30).
Means of all variables were higher in males than females, except
for BMI, TC, HDL, FBS, HBA1, and CRP.

Confirmatory Factor Analysis
Based on the CFA, the constructs of MeS components had an
acceptable fit index (χ2/df = 17.94, GFI = 0.98, AGFI = 0.96,
CFI = 0.97, IFI = 0.97, SRMR = 0.03, RMSEA = 0.07). All
components were significantly related to MeS (P < 0.001). Waist
circumstance and systolic blood pressure explained the highest
proportion of the variance of MeS (Figure 2).

The Link Between Dietary Patterns and
Nonalcoholic Fatty Liver Disease Using
Structural Equation Modeling
Dietary Approaches to Stopping Hypertension, MeD, and
NAFLD were fitted in models based on the primary hypothesis
(Figures 3, 4). MeS, as a potential risk factor, directly affected
NAFLD in all models. Age was a demographic factor that
positively affected MeS and NAFLD. The prevalence of MeS and
NAFLD was higher in older adults. In both genders, the higher
score of the DASH diet was negatively related to NAFLD risk
indirectly through the two following paths. (1) DAL (from DASH
to DAL, in males β = −0.28, P < 0.001; in females β = −0.37,
P < 0.001), and MeS (for both gender from DAL to MeS: β = 0.14,
P < 0.001; from MeS to NAFLD, in male β = 0.58, P < 0.001;
in female β = 0.80, P < 0.001), (2) DAL and HbA1c (from DAL
to HbA1c, in both genders: β = 0.07, P < 0.001; from HbA1c
to NAFLD, in males: β = 0.05, P = 0.03; in females: β = 0.06,
P = 0.03). In addition, the higher DAL positively affected NAFLD
risk among male participants indirectly via increasing HbA1c
level and MeS (from HbA1c to MeS: β = 0.10, P < 0.001).

Similarly in both genders, the relationship between MeD and
NAFLD was mediated by two pathways, including (1) through the
mediators of DAL, HbA1c, and MeS (of MeD to DAL, in males:
β = −0.19, P < 0.001, in females: β = −0.23, P < 0.001; of DAL

FIGURE 1 | Proposed model of the relationship between dietary patterns (DASH and MeD) and NAFLD considering the effect of other variables on determinants and
outcome.
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TABLE 1 | Characteristics of the study population by gender in Iranian adults of AmolCS.

Characteristic All (n = 3,220) Female (n = 1,438) Male (n = 1,782) P-value

Age (years) 46.96 (14.67) 45.68 (14.05) 48.00 (15.08) <0.001

BMI (kg/m2) 28.0 (5.0) 29.52 (5.33) 26.78 (4.34) <0.001

Waist circumference (cm) 88.83 (11.24) 87.90 (12.05) 89.63 (10.48) <0.001

Past/current smoking (%) 467 (14.5) 8 (0.60) 459 (25.80) <0.001

Alcohol drinking (%) 189 (5.9) 5 (0.30) 184 (10.30) <0.001

NAFLD (%) 1,473 (44.6) 637 (44.3) 800 (44.9) 0.73

MeS (%) 866 (26.90) 512 (35.60) 354 (19.90) <0.001

Physical activity level (%) 0.02

Low (<600) 1,229 (38.20) 585 (40.70) 644 (36.10)

Moderate (600 to <3,000) 1,984 (61.60) 851 (59.20) 1,133 (63.60)

High (≥3,000) 7 (0.20) 2 (0.10) 5 (0.30)

Laboratory factors (M ± SD)

TG (mg/dl) 133.58 (90.08) 127.93 (88.34) 138.15 (91.23) 0.001

Total cholesterol (mg/dl) 180.62 (40.33) 183.47 (41.94) 178.31 (38.85) <0.001

HDL (mg/dl) 43.71 (11.74) 46.10 (11.76) 41.77 (11.36) <0.001

LDL (mg/dl) 99.15 (26.42) 99.69 (26.72) 98.72 (26.16) 0.30

SBP (mmHg) 114.77 (19.20) 113.51 (20.48) 115.79 (18.04) 0.001

DBP (mmHg) 71.66 (11.81) 70.78 (12.28) 72.36 (11.36) <0.001

FBS (mg/dl) 105.81 (34.97) 108.45 (40.33) 103.68 (29.79) <0.001

HbA1c (%) 4.56 (0.91) 4.60 (0.94) 4.53 (0.90) 0.02

ALT (IU/L) 24.04 (18.10) 19.74 (13.89) 27.50 (20.23) <0.001

AST (IU/L) 21.60 (10.39) 19.44 (8.22) 23.35 (11.56) <0.001

GGT (IU/L) 27.01 (19.02) 24.04 (18.54) 29.42 (19.07) <0.001

ALKP (IU/L) 197.79 (59.89) 195.87 (67.37) 199.34 (53.05) 0.10

CRP 1.60 (0.70-4.00) 2.00 (1.00-5.00) 1.10 (0.50–3.00) <0.001

Dietary factors (M ± SD)

Energy intake (kcal/day) 2,329.99 (664.12) 2,171.07 (599.92) 2,458.24 (658.51) <0.001

DAL (mEq/day) 645.84 (143.20) 596.39 (130.47) 693.57 (150.78) <0.001

Data are presented as mean (SD) for quantitative variables, median (25–75 percentile) for CRP, and n (%) for qualitative variables.

to HbA1c, in males: β = 0.08, P < 0.001, in females: β = 0.09,
P < 0.001; of HbA1c to NAFLD, in males: β = 0.05, P = 0.02,
in females: β = 0.06, P = 0.02) and (2) through the mediators
of DAL and MeS (of DAL to MeS, in both genders: β = 0.13,

FIGURE 2 | Confirmatory factor analysis (CFA) of the measurement model of
metabolic syndrome components. Ellipses represent latent variables; boxes
represent observed variables. All coefficients are standardized and have a
P-value < 0.001. Fit indices: CMIND/DF = 13.64, DF = 4, GFI = 0.99,
AGFI = 0.97, CFI = 0.99, IFI = 0.99, SRMR = 0.02, RMSEA = 0.06
(∗∗∗ P < 0.001).

P < 0.001; of MeS to NAFLD, in males: β = 0.60, P < 0.001, in
females: β = 0.80, P < 0.001). Further, among male participants,
the association of MeD and NAFLD was also mediated via HbA1c
and MeS (of HbA1c to MeS, β = 0.11, P < 0.001). In female
participants, the higher MeD score was directly associated with
a reduction of NAFLD risk (β = −0.07, P = 0.008) (see Table 2
and Figures 3, 4).

DISCUSSION

To our knowledge, this is the first study to have examined the
association between adherence to healthy dietary patterns and the
prevalence of NAFLD in a large-scale general population using
the SEM approach. The main advantage of the SEM method
is its ability to explore complex correlations among variables
using a systematic approach while also managing measurement
errors (93).

The findings of the current study suggested that DAL,
HbA1c, and MeS were the main mediators of the association
between low adherence to healthy diets (DASH and MeD)
and the high prevalence of NAFLD. Previous studies have
discussed the relationship between the components of
MeS and the risk of developing NAFLD (94). Indeed, in a
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FIGURE 3 | The final structural model of the relationship between residual adjusted DASH and NAFLD. The model fit indices: χ2/df = 5.21, P < 0.001, GFI = 0.98,
AGFI = 0.96, CFI = 0.95, IFI = 0.95, SRMR = 0.03, RMSEA = 0.03. The values on the paths represent standardized regression coefficients. The upper-faced
numbers refer to men, whereas the numerical values below them refer to women. Arrows in bold represent statistically significant associations (∗P < 0.05;
∗∗P < 0.01; ∗∗∗P < 0.001). Blue arrows refer to males.

FIGURE 4 | The final structural model of the relationship between residual adjusted MeD and NAFLD. The model fit indices: χ2/df = 5.21, p < 0.001, GFI = 0.98,
AGFI = 0.96, CFI = 0.95, IFI = 0.95, SRMR = 0.03, RMSEA = 0.03. The values on the paths represent standardized regression coefficients. The upper-faced
numbers refer to males, whereas the numerical values below them refer to females. Arrows in bold represent statistically significant associations (∗P < 0.05;
∗∗P < 0.01; ∗∗∗P < 0.001). Pink arrows refer to females whereas blue arrows refer to males.

meta-analysis, Sookoian and Pirola (95) explored 15 well-
structured studies and concluded that the components
of MeS were strong predictors of NAFLD. Our findings
were concordant with previous studies suggesting that

MeS remains the most potent factor related to NAFLD
risk (96).

In our study, adherence to DASH was indirectly (through
the negative effect on DAL and MeS) associated with a lower
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prevalence of NAFLD. Several mechanisms may explain the
health benefits of the DASH dietary pattern. High consumption
of vegetables, fruits, whole grains, and unsaturated vegetable oils
characterizes this diet. High dietary fiber consumption attenuates
metabolic abnormalities, including TG and abdominal obesity, by
delaying stomach emptying (97). Calcium, another crucial DASH
component, protects against MeS by lowering adiposity (98). It is
also crucial to reduce fat absorption by forming insoluble fatty
acid soaps in the gut. Therefore, calcium plays a critical function
in WC reduction (98). Moreover, it is low (≤5 serves of sweets
and added sugars per week for a 2,000-calorie diet) in sugar-
sweetened drinks, added sugars, and red and processed meats
(99). As a result, this diet improves glycemic and lipid metabolism
and aids weight loss while lowering CVDs. All of these outcomes
are primary goals of NAFLD treatment; hence, this diet has
attracted the attention of NAFLD specialists. In a randomized
controlled trial of 60 obese adults with NAFLD and elevated
serum ALT levels, the results revealed that consumption of the
DASH diet for eight weeks decreased BMI and steatosis severity,
as well as improved aminotransferases and metabolic markers,
including insulin, HOMA index, serum TG, and the total to HDL
cholesterol ratio compared to control group (97). Other studies
among the Chinese general population have reported an inverse
association between adherence to DASH and risk of NAFLD
(with 22 and 18% low risk of NAFLD) (22, 35).

On the other hand, the DASH-type dietary pattern as an
alkali-rich diet containing high amounts of alkalizing minerals,
potassium, calcium, and magnesium could explain the DAL
lowering effect of this diet (100, 101). Indeed, adherence to the
MeD pattern in both genders was indirectly associated with the
risk of NAFLD in this population through the negative effect on
DAL and MeS. The MeD is characterized by high consumption
of legumes, grains, vegetables, fresh fruits, olive oil, and nuts.
Fish and white meat are consumed in moderation in this diet,
and the consumption of red and processed meats and high-fat
dairy products are limited. The MeD is also characterized by a
low ratio of saturated fatty acids (SFAs) and cholesterol (9% total
energy intake); whilst, in contrast, mono-unsaturated fatty acids
(MUFAs) and poly-unsaturated fatty acids (PUFAs) are high
(19% total energy intake from MUFA, and 5% total energy intake
from PUFA), with a favorable ratio of omega-3 to omega-6 (102).

Several studies have reported that dietary patterns high in
omega-3 PUFAs can lower insulin resistance and intrahepatic TG
levels, resulting in steatohepatitis improvement (102).

Furthermore, PUFAs have been shown to help prevent
cardiovascular events by improving insulin sensitivity,
functioning as an anti-inflammatory, and lowering oxidative
stress (7).

The MeD also has a high content (55–60% of the total energy
intake) of complex carbs and fibers, which helps to prevent
fatty liver disease. In epidemiological studies, refined sugar,
particularly high-fructose corn syrup, has been linked to NAFLD
risk (103). Furthermore, the MeD is high in whole grains, which
includes a lot of fiber, which may be advantageous to NAFLD
patients for various reasons. The first is that regulation of gut
microbiota through their prebiotic actions may be improved,
which is known to play a role in the development and progression

of NAFLD. Second, whole grain consumption can reduce the
risk of dyslipidemia, CVD, and diabetes (37, 80, 104). Another
feature of the MeD is low consumption of red and processed
meat, including SFAs and cholesterol, which has been linked to
NAFLD development in case-control and cross-sectional studies
(11, 105).

The content of vegetables and fruits in MeD are sources
of potassium salts of organic acids, which form bicarbonate;
thus, MeD is net-base-yielding and can reduce DAL (106).
Observational studies reveal that a low DAL may help to reduce
the incidence of obesity, MeS, diabetes, hypertension, CVDs,
and mortality (107–110). The underlying mechanisms that link
DAL to NAFLD may be related to the Insulin Resistance (IR)
associated with acidic diets. The consequent hyperglycemia
appears to increase the inflammation and IR in the liver, which
may cause NAFLD to increase available free fatty acids (110). In

TABLE 2 | Standardized total effect, direct effect, and indirect effect of the
association of DASH and MeD with NAFLD in Iranian adults of AmolCS.

From To Direct effect Indirect effect Total effect

DASH structural equation model (model 1)

Male

DASH DAL −0.276 – −0.276***

DAL HbA1c 0.071 – 0.071**

MeS 0.140 0.010 0.150***

CRP MeS 0.099 – 0.099***

HbA1c MeS 0.103 – 0.103*

NAFLD 0.046 0.059 0.105*

MeS NAFLD 0.576 – 0.576***

Female

DASH DAL −0.370 – −0.37***

DAL HbA1c 0.075 – 0.075**

MeS 0.144 0.010 0.154***

CRP MeS 0.192 – 0.192***

HbA1c NAFLD 0.056 0.037 0.093*

MeS NAFLD 0.799 – 0.799***

MeD structural equation model (model 2)

Male

MeD DAL –0.189 – –0.189***

HbA1c 0.059 –0.015 0.044*

DAL HbA1c 0.078 – 0.078***

MeS 0.133 0.010 0.143***

CRP MeS 0.098 – 0.099***

HbA1c MeS 0.106 – 0.106***

NAFLD 0.047 0.060 0.107*

MeS NAFLD 0.577 – 0.577***

Female

MeD DAL –0.233 – –0.233***

NAFLD –0.067 0.003 –0.067**

DAL HbA1c 0.092 – 0.092***

MeS 0.133 0.010 0.143***

CRP MeS 0.196 – 0.196***

HbA1c NAFLD 0.059 0.036 0.095*

MeS NAFLD 0.804 0.804***

*p < 0.05, **p < 0.01, ***p < 0.001.
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Asian adults, Chan et al., in a study conducted on 793 subjects,
reported a positive association between estimated diet-induced
acid load via NEAP with an increased likelihood of NAFLD (111).

Although we present a novel addition to the literature, our
study also has several limitations. First, the conclusions of this
study may not apply to other countries, particularly the western
population, given that the study sample was drawn only from
the Iranian people. Because different countries have diverse
eating cultures, more research is needed to ascertain whether
the mediation model proposed in this study can be applied to
other countries with different dietary patterns. Second, because
we lacked data on socioeconomic factors such as education level,
job position, income, and ethnicity information (112) as well as
OCP (113) and supplement (114) usage, some confounders may
not have been captured and adjusted in the proposed mediation
model. As a result, considering the potential influence of such
uncontrolled confounders, the results should be interpreted with
caution. Nonetheless, the findings of the current study can be
used to offer baseline data and/or markers for future studies
to control confounding variables. Third, the FFQ is a dietary
evaluation instrument with a strong recall bias. Despite this, FFQs
are still the most common dietary assessment technique in cohort
studies. Finally, the cross-sectional nature of the present study
precludes making inferences regarding the directionality of the
association, resulting in a high risk of reverse-causality bias.

The causal links between mediators and NAFLD are unclear
because the mediators and follow-up NAFLD status were
collected at the same time. As a result, more research is needed to
determine whether strategies for addressing mediated disorders
can also treat NAFLD problems among the general population.

CONCLUSION

The present study found three important mediators, including
DAL, HbA1c, and MeS, in associating current dietary patterns
and NAFLD. Based on our findings, adherence to DASH and
MeD should be emphasized in programs attempting to elicit
changes in lifestyle for subjects with NAFLD. This study suggests
that preventive and therapeutic interventions should target the
mediators, DAL, HbA1c, MeS, and their components, to reduce
NAFLD incidence in the general population.
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