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Abstract
Background
As dietary approaches to stop hypertension (DASH) dietary pattern has been shown to be effective in hypertension and obesity, the present study investigated the effects of following DASH diet on glycemic, meta-inflammation, lipopolysaccharides (LPS) and liver function in obese patients with non-alcoholic fatty liver disease (NAFLD).

Methods
In this double-blind controlled randomized clinical trial, 40 obese patients with NAFLD were randomly allocated into either “DASH diet” (n = 20) or calorie-restricted diet as "Control” (n = 20) group for 8 weeks. Anthropometric measures, blood pressure, glycemic response, liver enzymes, toll-like reseptor-4 (TLR-4) and monocyte chemoattractant protein (MCP-1) and LPS as well as Dixon's DASH diet index were assessed at baseline and after 8 weeks.

Results
After 8 weeks, although all obesity indices decreased significantly in both groups, the reduction in all anthropometric measures were significantly greater in DASH vs control group, after adjusting for baseline values and weight change. Fasting glucose level decreased in both group, however, no inter-group significant difference was found at the end of study. Nevertheless, serum levels of hemoglobin A1c (HbA1c), TLR-4, MCP-1 and LPS as well as aspartate aminotransferase (AST) decreased significantly in DASH group, after adjusting for baseline values and weight change (p < 0.001, p = 0.004, p = 0.027, p = 0.011, and p = 0.008, respectively). The estimated number needed to treats (NNTs) for one and two grade reductions in NAFLD severity following DASH diet were 2.5 and 6.67, respectively.

Conclusion
Adherence to DASH diet could significantly improve weight, glycemia, inflammation and liver function in obese patients with NAFLD.
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Introduction
Exposure to an “obesogenic” environment such as sustained positive energy balance due to increased food supply and the overconsumption of energy-dense low nutrient-dense foods as well as modern sedentary lifestyle leads to excessive intrahepatic fat accumulation and increased adiposity known as nonalcoholic fatty liver disease (NAFLD), as a public health issue [1–3]. NAFLD is considered as an umbrella term that includes different types of fatty liver diseases unrelated to alcohol consumption [4]. Due to the metabolic roots of NAFLD, it has been recently proposed that to rename NAFLD as metabolic dysfunction-associated fatty liver disease or 'MAFLD' [5]. A recent systematic review and meta-analysis through the extraction of available epidemiological data on fatty liver disease demonstrated that MAFLD has an astonishingly high prevalence rate in overweight and obese adults [6]. Moreover, the global prevalence of NAFLD among general population is projected to raise up to 33.5%, which is largely related to obesity epidemic [7]. Genetic and epigenetic factors such as insulin resistance (IR), inflammation, oxidative stress and changes in gut microbiota are involved in the pathophysiology of NAFLD known as "Multi-Hit" [8]. IR-disturbances in intra-cellular insulin signaling pathways- plays a fundamental role in NAFLD [9]. Furthermore, simple steatosis could be followed by a number of metabolic abnormalities such as decreased fatty acid oxidation in the liver, increased de novo lipogenesis and adipose tissue lypolisis resulted in IR and in turn, IR is associated with other endocrine and metabolic disorders [9, 10]. The inter-relationship between obesity and NAFLD has been frequently reported and indicating the role of adipose tissue in regulating endocrine signaling pathways such as hormones, adipokines and pro-inflammatory cytokine [11, 12]. NAFLD is also called as the hepatic manifestation of metabolic syndrome (Mets) because of the coexistence of visceral obesity, IR, dyslipidemia, and hypertension [8, 13]. In addition, hypertrophy/ hyperplasia of adipose tissue is considered as one of the contributing factor in a low-grade chronic inflammation and metabolic dysfunction known as “meta‐inflammation” [14]. It is caused by an increased macrophage accumulation and the release of adipokines, cytokines and chemokines e.g. tumor necrosis factor α (TNF-α), toll-like receptors-4 (TLR-4), monocyte chemoattractant protein (MCP‐1) and some interleukins (inc. IL‐6, IL‐8, IL‐1β) [14]. There is evidence that weight reduction can be effective in the secretion of inflammatory markers [14]. TLR-4 plays a vital role in recognizing lipopolysaccharides (LPS)- an indicator of pathogenic bacteria invasion- and mediates signaling to produce pro-inflammatory cytokines [14]. Moreover, excessive adipose tissues releases free fatty acids (FFAs) due to degradation of triglycerides [15]. LPS and FFAs bind to TLR4 of monocytes/macrophages and produce inflammatory mediators, and therefore, lead to the prolonged production of inflammatory cytokines [15].
Despite the lack of an approved therapeutic approach in the treatment of NAFLD, evidence-based guidelines establish the fundamental role of lifestyle modifications, particularly calorie restriction, healthy diet, and regular physical activity in improving hepatic steatosis and histological features of NAFLD [16, 17]. In clinical and preclinical studies, several natural compounds have shown favorable effects in the prevention, inhibition and treatment of metabolic disorders [18–23]. This evidence represents a promising strategy for NALFD, whose pathogenesis is multifactorial [24]. Patients with NAFLD mostly consume diet which is low in whole grains, cereals, fruits, and vegetables and high in red meat, refined-grains and sugars, typically named as Western dietary pattern [25–27]. Moreover, results of a meta-analysis revealed the role of red meat intake and soft drinks in increased likelihood of NAFLD [28, 29]. One of the dietary strategies that has been studied in NAFLD management is the Dietary Approaches to Stop Hypertension (DASH) dietary pattern approved in the prevention and treatment of hypertension [30]. Previous studies have also shown that DASH diet has beneficial effects on several other disorders including obesity, Mets, type 2 diabetes mellitus (T2DM), cardiovascular disease, and depression [31–33]. DASH diet underlines fruits, vegetables, low-fat dairy products, whole grains, poultry, fish, nuts, seeds, and legumes intakes accompanied by reduction in fats, red meat, sweets, and sugar-containing drinks [30]. Meanwhile, this diet is low in sodium (< 2400 mg/day) and saturated fat while rich in protein, fiber, calcium, magnesium, potassium, zinc, and folate [34, 35]. Watzinger et al. [36] in a cross-sectional study showed that the DASH score was correlated to lower liver fat content and NAFLD. Indeed, in a case–control study, an inverse association was found between adherence to a DASH-style diet and odds of NAFLD [37]. Similarly, Maskarinec et al. [38] in the Multiethnic Cohort Study showed that higher quality diets during mid-to-late adulthood were associated with a lower risk of NAFLD. Moreover, results of a recent nested case–control study in the Multiethnic Cohort revealed that higher DASH score was negatively correlated with NAFLD risk [39]. The only interventional study aimed to assess 8-week adherence to DASH diet compared with low calorie diet showed improvements in body weight, liver enzymes, IR, lipid profile, inflammatory and oxidative stress biomarkers [40]. As a systematic review and meta-analysis of randomized controlled clinical trials reported that DASH diet seems to be more suitable dietary approach for weight loss compared with low-energy diets and lack of interventional study in investigating the effect of DASH diet on NAFLD [41, 42], this study compared the effect of adherence to DASH diet compared with calorie-restricted diet (CRD) on glycemic response, meta-inflammation and serum LPS in obese patients with NAFLD.


Materials and methods
Study design
This double-blinded controlled randomized clinical trial was designed to examine the adherence to DASH diet compared with CRD on cardiometabolic, inflammatory biomarkers and LPS in obese patients with NAFLD. The study was conducted according to the Declaration of Helsinki and approved by the ethics committee of research vice-chancellor and also registered in the Iranian Registry of Clinical Trials (IRCT20100209003320N17). In addition, an informed consent form was read and signed by the patients at baseline.

Participants
Sixty two males and females newly diagnosed patients with mild and moderate NAFLD aged 20–50 years with body mass index (BMI) = 30–40 kg/m2 were enrolled. NAFLD was confirmed by a single radiologist using ultrasonography (Sonoace X4 Medisio, South Korea) in a fasting state and then, liver steatosis severity was categorized into three grades, i.e. grade I as "mild", grade II as "moderate" based on Hamaguchi et al. [43].
The exclusion criteria were as follow: alcohol consumption, pregnancy, breastfeeding, menopause, regular exercise, following weight loss diet 3 months before the study, taking medications such as anti-diabetic, anti-lipidemic, anti-hypertensive, antibiotics, corticosteroids, oral contraceptives and anti-inflammatory drugs, as well as suffering from liver, kidney, thyroid, gastro-intestinal, autoimmune diseases, T2DM, polycystic ovary syndrome (PCOS), and cancer.

Sample size
According to mean and standard deviation of serum MCP-1 reported by Wamberg et al. [44] and by considering 95% confidence interval (CI) and %80 power among patients with NAFLD using sample size software (PASS; NCSS, LLC, US), sample size was found 20 for each group which then increased to 24 by considering 10% drop-out rate.

Randomization, blinding, and intervention
To randomly allocate the patients into two groups, Random Allocation Software (RAS) and randomized block procedure were used. The patients were assigned into either DASH or CRD groups (1:1) by an assistant not involved in the trial. Size 3 randomized block procedure was applied as follows; gender (female vs male), age (18–35 yrs. vs 36–55 yrs.) and BMI (< 35 kg/m2 vs ≥ 35 kg/m2)]. Before randomization for treatment, the assignment was concealed.
Energy requirement was estimated individually according to Mifflin formula and weight loss diet was planned by reducing 500 kcal from the estimated energy for all the patients [45]. Macronutrient distribution was 55–60%, < 30%, and 10–15% of energy from carbohydrates, fat, and protein, respectively. Meal plans were prepared based on these calculations and the food-based dietary guidelines for Iranians (available at http://​www.​fao.​org/​nutrition/​education/​food-baseddietary-guidelines/​regions/​countries/​iran/​fr/​) for CRD. For DASH diet, weight loss diet was designed according to DASH dietary pattern [46]. The DASH diet was rich in fruits, vegetables, whole grains, and low-fat dairy products and low in saturated fats, cholesterol, refined grains, and sweets. Suggested sodium in the DASH diet was < 2400 mg/day.
Food group exchange list and food album were delivered to each patient to follow the prescribed diet. The participants were also given a full explanation on how to use food exchange lists to replace the foods they did not have access to, by the foods of equal calorie from the corresponding food groups as well as delivering food group exchange list and food album to follow the prescribed diet.

Assessment of anthropometric measures, dietary intake, and physical activity
At the beginning and end of the trial, personal and disease details, anthropometric measurements, physical activity levels and dietary intakes were assessed. Weight and height were measured using Seca stadiometer (Hamburg, Germany) to the nearest 100 g and 0.5 cm with low clothes without shoes, respectively. BMI was estimated as weight (Kg) divided by height squared (m2). The circumferences of waist and hip were also measured at the halfway between the lower ribs and the iliac crest and around the widest portion of the buttocks to the nearest 0.1 cm, respectively. Then, BMI, Waist-to-hip ratio (WHR) and waist-to-height ratio (WHtR) were estimated.
A 3-day food record was completed by the patients at baseline, week 4 and 8 and then, mean of each 3-day food record was calculated for each food item, converted to grams and ml, finally energy and macronutrient intakes were obtained using Nutrition IV software (First Databank: Hearst, San Bruno, CA, USA) at baseline and after 8 weeks.
Furthermore, Dixon’s DASH diet index was estimated to confirm adherence to DASH diet [46]. Foods were categorized into 9 components based on the following daily recommendations: total fruits (≥ 4 servings), total vegetables (≥ 4 servings), whole grains ((≥ 4 servings), low-fat dairy products (≥ 2 servings), legumes, seeds and nuts (≥ 4 servings), meat/meat equivalents (< 170 g), added sugar (< 3% of total daily energy), alcoholic beverages (≤ 2 drink) and saturated fat (< 5% of total daily). Foods were categorized into 9 components based on the following daily recommendations were scored 1 point and other than recommendation were scored zero point: total fruits (≥ 4 servings), total vegetables (≥ 4 servings), whole grains ((≥ 4 servings), low-fat dairy products (≥ 2 servings), legumes, seeds and nuts (≥ 4 servings), meat/meat equivalents (< 170 g), added sugar (< 3% of total daily energy), alcoholic beverages (≤ 2 drink) and saturated fat (< 5% of total daily). An overall adherence to DASH diet, therefore, was obtained by summing up the points ranging from 0 to 9 [47–49].
To assess physical activity level, the international physical activity questionnaire-short form (IPAQ-SF) was applied through face-to-face interview [50]. The patients were asked to report the time spent doing each of the defined intensity-varied activities during the past week to calculate metabolic equivalent of task (MET-hours/week) score. Then, the participants were categorized into: “low”, “moderate”, or “high” activity level [50].

Laboratory assays
At baseline and at the end of study, after 12–14 h overnight fasting, blood sample was obtained from each patient and serum was separated. Metabolic factors including serum glucose, alanine aminotransferase (ALT) and aspartate transaminase (AST) concentrations were determined at the same day while the rest was stored at − 70 °C until assays. Serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) concentrations were assessed at baseline and at the end of study using the International Federation of Clinical Chemistry (IFCC) approved method. Hemoglobin A1C (HbA1c) was assessed using photometry in whole blood using Pars Azmoun Company kit (Pars Azmoun, Iran) and Hitachi auto analyzer (Hitachi-917, Tokyo, Japan). Furthermore, serum levels of TLR-4, MCP-1, and LPS were assessed using enzyme-linked immunosorbent assay (ELISA) kit (LSBio, Seattle, WA). According to complete blood count (CBC) results, white blood cell (WBC)-derived inflammatory indices including neutrophil to lymphocyte ratio (NLR), monocyte to lymphocyte ratio (MLR), platelets to to lymphocyte ratio (PLR), monocyte to high-density lipoprotein cholesterol (HDL-C) ratio (mHDL) and finally, systemic inflammation response index (SIRI)- as an index reflecting the host immune and inflammation balance—was estimated: SIRI = Neutrophil × monocyte/lymphocyte [51–53].

Study outcomes
Changes in energy and macronutrient intakes, serum glycemic indices, MCP-1 and TLR-4, LPS, blood pressure, and anthropometric indices were considered as the primary outcomes whereas changes in serum levels of liver enzymes and NAFLD grade were considered as the secondary outcomes.

Statistical analysis
All statistical analyses were performed using SPSS Statistics software (IBM SPSS Statistics, Armonk, USA, latest version). The distribution of continuous variables was checked using Kolmogorov–Smirnov test. For assessing both primary and secondary outcomes, after treatment approach was applied. Data were expressed as mean ± standard deviation (SD), median (min, max), and number (%) for continuous variables with symmetric and asymmetric distribution and categorical variables, respectively. Inter-group differences in the continuous and categorical variables at baseline were performed using independent samples t- and Chi-square tests, respectively. Paired samples t- and Sign tests were used for changes variables. At the end of the trial, the analysis of covariance (ANCOVA) test was used to compare between group changes in variables by adjusting for the confounders (i.e., baseline values and weight change). Absolute risk reduction (ARR) was calculated based on the difference in the event rate between DASH and control groups and then number needed to treat (NNT) was estimated according to the following formula: NNT = 1/ARR. The significance level was defined at p value lower than 0.05.


Results
Of totally 62 patients enrolled the trial, 40 subjects (20 patients in each group)  completed the trial while 11 patients in each group lost to follow because of not following the prescribed diet (Fig. 1).
[image: ]
Fig. 1Flow chart of the study


Table 1 demonstrates baseline characteristics in two studied groups. More than half of the studied patients in both groups were women and married. At baseline, no significant differences were found for not only demographic characteristics but also for NAFDL severity and physical activity level between the groups.
Table 1Baseline characteristic of the study participants


	Variable
	DASH
(N = 20)
	Control (N = 20)
	p

	Age (yr.)
	38.80 ± 9.98
	37.10 ± 9.74
	0.589*

	Weight (Kg)
	93.32 ± 19.51
	93.49 ± 13.98
	0.976*

	Height (cm)
	166.49 ± 12.0
	165.52 ± 7.86
	0.764*

	BMI (Kg/m2)
	33.43 ± 4.09
	34.02 ± 3.61
	0.632*


	 	N (%)
	N (%)
	 
	Female
	13 (65.0)
	12 (60.0)
	0.594**

	Married
	17 (85.0)
	15 (75.0)
	0. 683**

	Educational level

	Less than Diploma
	6 (30.0)
	3 (15.0)
	0.520**

	Diploma
	6 (30.0)
	9 (45.0)

	University degrees
	8 (40.0)
	8 (40.0)

	Physical activity level

	Light
	10 (50.0)
	11 (55.0)
	0.674**

	Moderate
	7 (35.0)
	8 (40.0)

	Heavy
	3 (15.0)
	1 (5.0)

	NAFLD severity

	Mild
	10 (50.0)
	12 (60.0)
	0.751**

	Moderate
	10 (50.0)
	8 (40.0)


DASH, Dietary Approaches to Stop Hypertension, BMI Body mass index, NAFLD Non-alcoholic fatty liver disease. Data are presented as mean ± SD for numerical data and number (%) for categorical variables
*p value for Independent sample t-test
**p value for Chi square test



Changes in dietary energy and nutrient intakes over the study in control and DASH group are presented in Table 2. Apart from monounsaturated fatty acids (MUFA), dietary fiber, sodium and magnesium at baseline, no significant differences were found in not only energy and nutrient intakes but also the proportion of macronutrients from energy between the groups before and after the study. At baseline and end of the study, saturated fat intake in DASH group was significantly less than in control group (p < 0.001). Moreover, no significant changes were observed in physical activity level in both groups over the intervention (data not shown). Therefore, physical activity and dietary energy and nutrient intakes were not considered as confounders in data analysis.Table 2Daily dietary intakes before and after the study


	Variable
	DASH
(N = 20)
	Control
(N = 20)
	P

	Energy (Kcal)

	Baseline
	1585.60 ± 187.67
	1629.50 ± 206.54
	0.488**

	End
	1553.00 ± 134.07
	1640.10 ± 174.38
	0.104***

	P*
	0.326
	0.895
	 
	Carbohydrates (g)

	Baseline
	227.55 ± 31.46
	234.40 ± 36.20
	0.527**

	End
P*
	219.59 ± 22.94
0.243
	232.80 ± 25.70
0.949
	0.123***

	Protein (g)

	Baseline
	73.09 ± 8.17
	75.72 ± 12.51
	0.436**

	End
	69.52 ± 8.94
	70.85 ± 13.68
	0.978***

	P*
	0.192
	0.164
	 
	Fat (g)

	Baseline
	46.17 ± 6.18
	46.78 ± 10.11
	0.841**

	End
	48.21 ± 5.61
	49.84 ± 7.41
	0.461***

	P*
	0.094
	0.270
	 
	Carbohydrates (%)

	Baseline
	57.33 ± 2.28
	57.07 ± 3.46
	0.780**

	End
	56.54 ± 2.89
	56.66 ± 3.60
	0.910***

	P*
	0.290
	0.692
	 
	Protein (%)

	Baseline
	18.47 ± 1.00
	18.99 ± 2.26
	0.354**

	End
	17.90 ± 1.66
	17.46 ± 2.70
	0.535***

	P*
	0.211
	0.054
	 
	Fat (%)

	Baseline
	26.23 ± 2.03
	25.96 ± 4.00
	0.791**

	End
	27.94 ± 2.23
	27.49 ± 3.13
	0.609***

	P*
	0.006
	0.109
	 
	SFA (g)

	Baseline
	9.37 ± 2.73
	18.41 ± 5.66
	 < 0.001**

	End
	9.69 ± 2.00
	17.39 ± 3.28
	 < 0.001***

	P*
	0.242
	0.309
	 
	MUFA(g)

	Baseline
	21.09 ± 3.22
	14.25 ± 3.99
	 < 0.001**

	End
	21.63 ± 3.45
	15.60 ± 3.48
	0.057***

	P*
	0.415
	0.222
	 
	PUFA (g)

	Baseline
	8.89 ± 1.18
	7.63 ± 4.45
	0.227**

	End
	10.03 ± 1.93
	9.82 ± 4.81
	0.868***

	P*
	0.088
	0.096
	 
	Dietary fiber (g)

	Baseline
	23.06 ± 6.45
	17.89 ± 5.57
	0.010**

	End
	21.93 ± 6.32
	17.19 ± 6.32
	0.794***

	P*
	0.065
	0.346
	 
	Sodium (mg)

	Baseline
	925.69 ± 344.87
	1341.12 ± 504.75
	0.004**

	End
	987.39 ± 345.33
	1277.44 ± 412.15
	0.078***

	P*
	0.465
	0.536
	 
	Magnesium (mg)

	Baseline
	277.76 ± 65.74
	227.29 ± 69.42
	0.023**

	End
	266.94 ± 70.42
	211.73 ± 70.25
	0.705***

	P*
	0.340
	0.249
	 
	Potassium (mg)

	Baseline
	3181.75 ± 1457.01
	2916.95 ± 834.20
	 
	End
	3510.35 ± 1016.14
	2715.85 ± 970.19
	0.485**

	P*
	0.106
	0.296
	0.530***

	Calcium (mg)

	Baseline
	856.98 ± 308.63
	700.03 ± 269.69
	0.095**

	End
	921.32 ± 291.93
	592.40 ± 228.59
	0.074***

	P*
	0.357
	0.062
	 
	Vitamin D (µg)

	Baseline
	2.14 ± 1.21
	1.81 ± 1.34
	0.426**

	End
	2.25 ± 0.84
	1.08 ± 1.11
	0.091***

	P*
	0.850
	0.048
	 

Bold indicates p < 0.05 is statistically significant
DASH Dietary Approaches to Stop Hypertension, SFA Saturated fatty acid, MUFA Monounsaturated fatty acid, PUFA Polyunsaturated fatty acid. Mean (SD) and Mean Difference (95% CI) are presented for data
*p value for paired- t test
**p value for Independent samples t-test
***p value for ANCOVA test (adjusted for baseline values and weight change)



Table 3 demonstrates changes in anthropometric measures, obesity indices, as well as metabolic and inflammatory biomarkers in studied groups. Apart from hip circumference (HC), the reduction in all anthropometric measures were significantly greater in DASH group than in control group, after adjusting for baseline values and weight change. Although fasting blood sugar (FBS) decreased in both groups, between-group comparison did not reveal any significant difference after 8 weeks, after adjusting for baseline values and weight change. Nevertheless, despite significant difference in serum HbA1c between the groups at baseline, a significant reduction in HbA1c was observed in DASH group (P < 0.001) while there was an increase in serum HbA1c in control group. Inter-group changes in serum HbA1c was statistically significant, after adjusting for baseline values and weight change (p < 0.001) (Table 3).Table 3Anthropometric measures, metabolic and inflammatory biomarkers before and after the study


	Variable
	DASH
	Control
	P

	(N = 20)
	(N = 20)

	Weight (Kg)

	Baseline
	93.32 ± 19.51
	93.49 ± 13.98
	0.976**

	End
	85.57 ± 18.62
	87.88 ± 13.88
	0.021***

	MD (95% CI), P*
	−7.75 (−9.34, −6.17), > 0.001
	− 5.61 (− 6.71, − 4.50). < 0.001
	 
	BMI (Kg/m2)

	Baseline
	33.43 ± 4.09
	34.02 ± 3.61
	0.632**

	End
	30.64 ± 4.06
	31.96 ± 3.57
	0.025***

	MD (95% CI), P*
	−2.79 (−3.35, −2.22), < 0.001
	−2.06 (−2.47, −1.64), < 0.001
	 
	WC (cm)

	Baseline
	111.25 ± 12.29
	109.92 ± 9.80
	0.708**

	End
	103.32 ± 12.67
	105.0 ± 9.60
	0.002***

	MD (95% CI), P*
	−7.92 (−9.58, −6.27), < 0.001
	−4.92 (−5.94, −3.91), < 0.001
	 
	HC (cm)
	115.42 ± 10.47
	115.92 ± 5.84
	 
	Baseline
	111.07 ± 11.44
	112.20 ± 5.99
	0.853**

	End
	−4.35 (−5.22, −3.48), < 0.001
	−3.72 (−4.63, −2.82), < 0.001
	0.323***

	MD (95% CI), P*

	WHR
	 	0.95 ± 0.07
	 
	Baseline
	0.96 ± 0.04
	0.93 ± 0.07
	0.406**

	End
	0.93 ± 0.05
	−0.01 (−0.02, 0.00), 0.031
	0.014***

	MD (95% CI), P*
	−0.03 (−0.05, −0.02), < 0.001
	 	 
	WHtR

	Baseline
	0.67 ± 0.06
	0.66 ± 0.05
	0.821**

	End
	0.62 ± 0.06
	0.63 ± 0.05
	0.002***

	MD (95% CI), P*
	−0.05 (−0.06, −0.04), < 0.001
	−0.03 (−0.04, −0.02), < 0.001
	 
	FBS (mg/dl)

	Baseline
	93.41 ± 9.63
	93.12 ± 9.63
	0.933**

	End
	90.76 ± 5.69
	90.64 ± 4.69
	0.923***

	MD (95% CI), P*
	−2.64 (−5.82, 0.53), 0.098
	−0.21 (−0.37, −0.05), 0.013
	 
	HbA1c (%)

	Baseline
	5.30 ± 0.35
	5.49 ± 0.49
	 < 0.001**

	End
	5.09 ± 0.34
	5.56 ± 0.32
	 < 0.001***

	MD (95% CI), P*
	−2.49 (−7.54, 2.57), 0.314
	0.07 (−0.08, 0.21), 0.340
	 
	TLR-4 (ng/ml)

	Baseline
	0.82 ± 0.11
	0.80 ± 0.17
	0.656**

	End
	0.70 ± 0.13
	0.82 ± 0.14
	0.004***

	MD (95% CI), P*
	−0.13 (−0.20, −0.05),0.003
	0.02 (−0.05, 0.08), 0.634
	 
	MCP-1 (pg/ml)

	Baseline
	110.75 ± 7.56
	11.64 ± 16.48
	0.828**

	End
	100.44 ± 10.69
	110.01 ± 11.79
	0.027***

	MD (95% CI), P*
	−10.32 (−16.36, −4.27), 0.002
	−1.64 (−8.12, 4.85), 0.603
	 
	NLR

	Baseline
	1.92 ± 0.81
	1.81 ± 0.64
	0.238**

	End
	1.94 ± 0.83
	1.71 ± 0.60
	0.176***

	MD (95% CI), P*
	26.51 (19.08, 33.94), < 0.001
	37.44 (29.64, 45.23), < 0.001
	 
	MLR

	Baseline
	0.17 ± 0.09
	0.16 ± 0.07
	0.732**

	End
	0.23 ± 0.34
	0.16 ± 0.08
	0.179***

	MD (95% CI), P*
	0.06 (−0.09, 0.21), 0.399
	0.004 (−0.16, 0.02), 0.701
	 
	PLR

	Baseline
	0.12 ± 0.03
	0.11 ± 0.4
	0.731**

	End
	0.12 ± 0.04
	0.12 ± 0.05
	0.019***

	MD (95% CI), P*
	−0.002 (−0.010, 0.006), 0.680
	0.01 (0.001, 0.02), 0.030
	 
	SIRI

	Baseline
	688.53 ± 437.71
	720.85 ± 622.22
	0.850**

	End
	862.13 ± 1139.21
	706.92 ± 610.50
	0.151***

	MD (95% CI), P*
	173.59 (−308.57, 655.76), 0.460
	−13.92 (−68.06, 40.22), 0.597
	 
	mHDL

	Baseline
	7.59 ± 3.67
	10.56 ± 8.65
	0.166**

	End
	13.47 ± 29.77
	9.44 ± 6.70
	0.080***

	MD (95% CI), P*
	5.87 (−7.30, 19.04), 0.362
	− 1.12 (− 2.70, 0.45), 0.152
	 
	LPS (pg/ml)

	Baseline
	21.66 ± 1.83
	20.72 ± 2.43
	0.174**

	End
	18.91 ± 2.98
	20.90 ± 2.36
	0.011***

	MD (95% CI), P*
	−2.75 (−4.17, −1.33), < 0.001
	0.18 (− 1.18, 1.54), 0.785
	 
	AST (IU/L)

	Baseline
	24.10 ± 10.91
	26.75 ± 9.28
	0.413**

	End
	18.40 ± 6.57
	25.05 ± 8.70
	0.008***

	MD (95% CI), P*
	−5.70 (−9.42, −1.98), 0.005
	−1.70 (−3.53, 0.13), 0.067
	 
	ALT (IU/L)

	Baseline
	27.20 ± 14.0
	37.35 ± 18.37
	0.057**

	End
	18.75 ± 8.91
	31.60 ± 16.24
	0.149***

	MD (95% CI), P*
	−8.45 (−12.89, −4.01), 0.001
	−5.75 (−10.46, −1.04), 0.019
	 

Bold indicates p < 0.05 is statistically significant
DASH Dietary Approaches to Stop Hypertension, BMI Body mass index, WC Waist circumference, HC Hip circumference, WHR Waist to hip ratio, WHtR Waist to height ratio, FBS Fasting blood sugar, HbA1c hemoglobin A1c, NLR Neutrophil to lymphocyte, MLR Monocyte to lymphocyte, PLR Platelets to lymphocyte, SIRI Systemic inflammation response index, mHDL Monocyte to high-density lipoprotein cholesterol ratio, AST Aspartate aminotransferase, ALT Alanine aminotransferase, TLR-4 Toll-like receptor-4, MCP-1 Monocyte chemoattractant protein-1, LPS Lipopolysaccharides
Mean (SD) and Mean Difference (95% CI) are presented for data
*p value for paired- t test;
**p value for Independent samples t-test;
***p value for ANCOVA test (adjusted for baseline values and weight change)



There were significant reductions in serum levels of TLR-4, MCP-1 and LPS in DASH group while no changes were found in these variables in control group (Table 3). After adjusting for baseline values and weight change, inter-group analysis showed significant differences in serum concentrations of TLR-4, MCP-1 and LPS. Among WBC-derived inflammatory indices, only PLR change was statistically significant between the two groups, after adjusting for the baseline values and weight change (p = 0.019).

Regarding serum liver enzymes, significant reductions in both serum levels of AST and ALT were found in DASH group whereas serum ALT decreased significantly in control group (Table 3). After adjusting for baseline values and weight change, there was only significant between-group difference in serum concentration of AST (p = 0.008).
Table 4 summarizes the effectiveness of DASH diet in NAFLD improvement. It was observed significant improvement in liver steatosis for both group, i.e. the greatest improvement as being free from NAFLD was seen for DASH group (80%) and control group (40%), respectively. The estimated NNTs due to 8-week following DASH diet compared with control group for one and two grade improvements in NAFLD severity were 2.5 and 6.67, respectively.
Table 4Changes in liver steatosis


	Variable
	DASH
(N = 20)
	Control
(N = 20)
	P*

	NAFLD severity

	Baseline
	 	 	0.273

	Grade I
	10(50.0)
	8 (40.0)
	 
	Grade II
	10 (50.0)
	12 (60.0)
	 
	End

	Grade 0
	12 (60.0)
	4(20.0)
	0.012

	Grade I
	8 (40.0)
	12 (60.0)
	 
	Grade II
	0 (0.0)
	4 (20.0)
	 
	Liver steatosis severity

	No change
	1 (5.0)
	12 (60.0)
	 
	1 grade reduction
	16 (80.0)
	8(40.0)
	 
	2 grade reduction
	3 (15.0)
	0 (0.0)
	 
	ARR

	1 grade reduction (%)
	40
	–
	 
	2 grade reduction (%)
	15
	–
	 
	NNT

	1 grade reduction
	2.5
	–
	 
	2 grade reduction
	6.67
	–
	 

Bold indicate p < 0.05 is statistically significant
*Chi square test
DASH, Dietary Approaches to Stop Hypertension; Non-alcoholic fatty liver disease; ARR, Attributable risk reduction; NNT, Number needed to treat




Discussion
The results of the present study designed to examine the effect of adherence to DASH diet compared with CRD on glycemic response, meta-inflammation and serum LPS in obese patients with NAFLD showed greater reductions in weight and obesity indices, serum levels of HbA1c, AST, LPS and inflammatory biomarkers.
As energy for both DASH diet and CRD had been estimated based on Mifflin formula (around 1550–1650 kcal/day) with similar macronutrient distribution from energy, no significant differences in energy and macronutrient intakes were found between the groups (Table 2). Results of the estimation of Dixon's DASH diet index revealed good adherence to DASH diet i.e. score 8 to 9 (ranged 0–9) at baseline and end of the study, respectively. Therefore, changes in the study outcomes could be attributed to the weight loss intervention diet. Apart from saturated fat intake in DASH group which was approximately half of that in CRD group (p < 0.001) at baseline and end of the study, there were no significant differences in micronutrients intakes (being the characteristic of DASH diet i.e. sodium, potassium, magnesium, calcium and vitamin D) between the groups at the end of the study.
Our findings also revealed that reductions in weight and obesity indices were significantly greater in DASH group than CRD group, after adjusting for the confounders (Table 3). There is evidence indicating that as DASH diet includes high fruits, vegetables, dietary fiber and calcium as well as low fat intake, particularly in the form of dairy products, and also simple sugar, following DASH diet is an effective approach in weight loss in obesity and a number of metabolic diseases [31–33]. For example, Asemi et al. [54] showed that adherence to DASH diet compared with usual low-calorie diet in patients with PCOS for 8 weeks resulted in greater reductions in weight and BMI. Similar findings were also reported by subsequent studies conducted on patients with NAFLD [40, 55]. Meanwhile, Rifai et al. [56] in patients with heart failure failed to show any noticeable effect on weight and BMI after 3 months. In a randomized controlled trial in 2021, 12-week following DASH diet with and without exercise on anthropometric indices, DASH diet plus exercise resulted in significantly lower weight and WHR, although at the end of the study, the inter-group differences were not statistically significant [57]. Moreover, a cross-sectional study on 305 overweight and obese women showed that adherence to DASH diet was inversely associated with greater weight reduction [58]. Soltani et al. [42] in a meta-analysis of randomized controlled trials on the effect of low calorie DASH diet on weight (N = 10), BMI (N = 6) and WC (N = 2) demonstrated its lowering effect on the studied anthropometric measures. It appears that DASH diet because of its low energy density, high content of dietary fiber, particularly due to the higher intake of whole grains and vegetables could be effective in delaying carbohydrate absorption and increasing satiety [42].

Although the results of the present trial failed to show any difference in micronutrients such as calcium and magnesium between the two diets at the end of the study, cummulative evidence shows that DASH diet contains high calcium and magnesium. Studies have demonstrated that dietary calcium increases lipolysis and plays an important role in weight management [34, 59]. Hence, calcium and magnesium intakes are inversely related with obesity due to their roles in the saponificantion of fatty acids [34]. On the other hand, increased sodium intake-which is low in DASH diet-results in fat accumulation through increasing leptin [42]. Therefore, following DASH diet for long term appears to help in weight control.
Previous studies have also demonstrated that high sodium intake is associated with the risk of NAFLD [60]. Uetake et al. [61]. found that high-salt diet exacerbated nonalcoholic steatohepatitis in high-fat diet-fed lipoprotein receptor-1 (LOX-1) transgenic /apoE knockout mice and that this effect was associated with the induction of oxidative and inflammatory processes. Oxidative stress and chronic inflammation play a major role in pathophysiology of NAFLD [62]. A high-salt diet also activates the aldose reductase-fructokinase pathway in the liver and hypothalamus, which leads to endogenous fructose production with the development of leptin resistance and hyperphagia that cause obesity, IR, and NAFLD [63].
Our results also failed to find any significant difference in serum FBS change after 8 weeks between the groups, however, a significant reduction in serum HbA1c was observed in DASH group (P < 0.001) compared with an increase in control group, after adjusting for the confounding factors (p < 0.001) (Table 3). There is evidence with a great emphasis on the consumption of whole grains, fruits and vegetables in DASH diet, therefore, the high content of dietary fiber in DASH diet decreases carbohydrate absorption and lowers blood glucose level [54]. Furthermore, DASH diet also includes food items with low glycemic index and low energy content which is efficient not only in hypertension but also could be considered as an efficient dietary approach in the management of IR-related chronic diseases [54, 64]. Shirani et al. [65] have reported that the adherence to DASH diet is more likely to be associated with lower risk of hyperglycemia.
In this study, apart from PLR (p = 0.019), there were no significant inter-group differences in WBC-derived inflammatory biomarkers at the end of study. Nevertheless, serum levels of TLR-4, MCP-1 and LPS decreased significantly in DASH group while no changes were found in control group. Even after adjusting for confounding variables, between-group analysis showed significant differences in serum concentrations of TLR-4, MCP-1 and LPS (Table 3). Fung et al. [66] in a prospective cohort study showed that DASH diet was associated with lower serum interleukin-6 (IL-6) and C- reactive protein (CRP). Holt et al. [67] also illustrated that high consumption of fruits and vegetables decreased IL-6, CRP and TNF-α. Similar findings have been reported on patients with metabolic syndrome [68], T2DM [69], Mets [70] and NAFLD [40]. DASH diet has shown favorable effects on serum CRP and hs-CRP levels been through previous studies [55, 71, 72]. However, Asemi et al. [73] on those with gestational diabetes (24–24 weeks)  reported no effect of DASH diet on CRP level. Studies investigating the effect of DASH diet with other inflammatory biomarkers are few. Taheri et al. [58] showed that DASH diet compared with other dietary pattern did not affect serum levels of MCP-1. A systematic review on 16 observational and 13 interventional studies concluded that plant-based dietary patterns (such as Mediterranean or DASH diet) reduce inflammatory biomarkers such as serum hs-CRP, TNF-α and IL-6 [74].
Because DASH diet is rich in fruits and vegetables as well as flavonoids with antioxidant activity, adherence to DASH diet results in a decrease in free radicals, lipid peroxidation and inflammation and in turn, leads to reduced secretion of leptin and therefore, weight control [64]. Hence, considering the close link between oxidative stress and inflammation, inflammatory cells can produce large amounts of reactive oxygen species (ROS)- as a part of mechanism for immunological defense-to protect human organisms against invading pathogens [8].
Moreover, studies have demonstrated that the low glycemic index diet may decrease inflammation by slowing glucose absorption, altering gut microflora and therefore suppress the production of inflammatory cytokines, stimulate the production of short-chain fatty acids in intra-lumen which results in lower circulating FFA levels and thus subsequent inflammation [42]. Furthermore, parallel to the effect of DASH diet on meta-inflammation observed in serum levels of TLR-4 and MCP-1, the concentration of LPS decreased. Studies investigating the effect of DASH diet on serum LPS is limited. Observational and interventional studies have suggested that phytochemicals and other compounds present in DASH diet are directly or indirectly attributed in the modulation of inflammatory biomarkers as well as intestinal permeability and therefore, the body's susceptible to infection [75]. The link between obesity and high intestinal permeability has been well documented. The systemic levels of LPS are elevated in obese individuals through several mechanisms. e.g. impaired clearance in the liver, alterations in the gut microbiota, permeability, motility and enzyme levels, and serum levels of HDL-C [75]. Intercellular tight junctions can regulate intestinal permeability and factors such as fatty acids and proinflammatory cytokines are necessary to maintaining intestinal mucosa integrity [75]. Therefore, it appears obesity as well as impaired oxidative stress and chronic inflammation in response to the characteristics of DASH diet are involved in the improvement of inflammation.
Serum AST and ALT reduced significantly in DASH group whereas serum ALT decreased significantly in control group (Table 3). After adjusting for the confounders, there was only significant between-group difference in serum concentration of AST (p = 0.008) which is in line with other studies. For example, reduced levels of serum liver enzymes followed by DASH diet have been reported in patients with T2DM [69] and NAFLD [40, 76]. Moreover, Xiao et al. [55] in population-based cohort study illustrated that following DASH diet was less likely to be associated with NAFLD risk, particularly in women and those without abdominal obesity. Mahdavi et al. [71] also reported following DASH diet led to reductions in liver steatosis and fibrosis in male adolescents with hemophilia after 10 weeks. In the present study, the NNT was calculated for assessing the clinical importance of DASH diet. The estimated NNTs for 8-week following DASH diet compared with RCT for one and two grade improvements in NAFLD severity were found 2.5 and 6.67, respectively.

Our study had several strengths including studying NAFLD patients who newly diagnosed without receiving any medication or treatment, providing an individualized low-calorie diet as an approved strategy for NAFLD management) on the basis of DASH dietary pattern, good adherence to DASH diet by the patients and assessing specific inflammatory biomarkers compared with previous studies. However, lack of liver biopsy because of ethical considerations, not assessing other inflammatory factors as well as insulin resistance indices could be considered as the study limitations.

Conclusion
It is concluded that following DASH diet for 8 weeks could significantly improve liver function in patients with NAFLD due to reduced weight and BMI, glycemic response, and meta-inflammation.

Author contributions
The authors’ responsibilities were as follows: FR and TB help in data collection; MK contributed in patient selection; FR and SA wrote the original paper; FR and MEM did statistical analysis; MEM and HT contributed to the conception of the article as well as to the final revision of the manuscript. All authors read and approved the final version of the manuscript.

Funding
This study was funded by the ‘Research Vice-Chancellor’ of Tabriz University of Medical Sciences, Tabriz, Iran. This paper is a part of the data obtained from an MSc dissertation submitted to Tabriz University of Medical Sciences (Farnaz Rooholahzadegan).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from the corresponding author on a reasonable request.

Declarations
Ethics approval and consent to participate
All procedures performed in this study were in accordance with the ethical standards of the Ethics Committee of Tabriz University of Medical Science. In this study all subjects signed a consent form and the study protocol was approved by the ethical committee of Tabriz University of Medical Sciences (Ethics code: TBZMED. REC. 1398.741) and also registered in the Iranian Registry of Clinical Trials (IRCT20100209003320N17).

Competing interests
The authors declare that they have no competing interests.


References
	1.
Swinburn B, Egger G, Raza F. Dissecting obesogenic environments: the development and application of a framework for identifying and prioritizing environmental interventions for obesity. Prev Med. 1999;29(6):563–70.PubMed

	2.
Swinburn BA, Sacks G, Hall KD, McPherson K, Finegood DT, Moodie ML, et al. The global obesity pandemic: shaped by global drivers and local environments. The Lancet. 2011;378(9793):804–14.

	3.
Bedogni G, Nobili V, Tiribelli C. Epidemiology of fatty liver: an update. World J Gastroenterol: WJG. 2014;20(27):9050.PubMedPubMedCentral

	4.
Chalasani N, Younossi Z, Lavine JE, Diehl AM, Brunt EM, Cusi K, et al. The diagnosis and management of non-alcoholic fatty liver disease: Practice Guideline by the American Association for the Study of Liver Diseases, American College of Gastroenterology, and the American Gastroenterological Association. Hepatology. 2012;55(6):2005–23.PubMed

	5.
Arefhosseini S, Ebrahimi-Mameghani M, Najafipour F, Tutunchi H. Non-alcoholic fatty liver disease across endocrinopathies: interaction with sex hormones. Front Endocrinol. 2022;13:1032361.

	6.
Liu J, Ayada I, Zhang X, Wang L, Li Y, Wen T, et al. Estimating global prevalence of metabolic dysfunction-associated fatty liver disease in overweight or obese adults. Clin Gastroenterol Hepatol. 2022;20(3):e573–82.PubMed

	7.
Estes C, Razavi H, Loomba R, Younossi Z, Sanyal AJ. Modeling the epidemic of nonalcoholic fatty liver disease demonstrates an exponential increase in burden of disease. Hepatology. 2018;67(1):123–33.PubMed

	8.
Marchisello S, Di Pino A, Scicali R, Urbano F, Piro S, Purrello F, et al. Pathophysiological, molecular and therapeutic issues of nonalcoholic fatty liver disease: an overview. Int J Mol Sci. 2019;20(8):1948.PubMedPubMedCentral

	9.
Marušić M, Paić M, Knobloch M, Liberati Pršo A-M. NAFLD, insulin resistance, and diabetes mellitus type 2. Can J Gastroenterol Hepatol. 2021;2021:6613827.

	10.
Koliaki C, Szendroedi J, Kaul K, Jelenik T, Nowotny P, Jankowiak F, et al. Adaptation of hepatic mitochondrial function in humans with non-alcoholic fatty liver is lost in steatohepatitis. Cell Metab. 2015;21(5):739–46.PubMed

	11.
Younossi Z, Tacke F, Arrese M, Chander Sharma B, Mostafa I, Bugianesi E, et al. Global perspectives on nonalcoholic fatty liver disease and nonalcoholic steatohepatitis. Hepatology. 2019;69(6):2672–82.PubMed

	12.
Tarantino G, Savastano S, Colao A. Hepatic steatosis, low-grade chronic inflammation and hormone/growth factor/adipokine imbalance. World J Gastroenterol: WJG. 2010;16(38):4773.PubMedPubMedCentral

	13.
Younossi ZM, Rinella ME, Sanyal AJ, Harrison SA, Brunt EM, Goodman Z, et al. From NAFLD to MAFLD: implications of a premature change in terminology. Hepatology. 2021;73(3):1194–8.PubMed

	14.
Russo S, Kwiatkowski M, Govorukhina N, Bischoff R, Melgert BN. Meta-inflammation and metabolic reprogramming of macrophages in diabetes and obesity: the importance of metabolites. Front Immunol. 2021;12:746151.PubMedPubMedCentral

	15.
Suzuki K. Chronic inflammation as an immunological abnormality and effectiveness of exercise. Biomolecules. 2019;9(6):223.PubMedPubMedCentral

	16.
Liver EAftSoT, Diabetes EAftSo. EASL-EASD-EASO Clinical Practice Guidelines for the management of non-alcoholic fatty liver disease. Obesity facts. 2016;9(2):65–90.

	17.
Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, et al. The diagnosis and management of nonalcoholic fatty liver disease: practice guidance from the American Association for the Study of Liver Diseases. Hepatology. 2018;67(1):328–57.PubMed

	18.
Palacka P, Kucharska J, Murin J, Dostalova K, Okkelova A, Cizova M, et al. Complementary therapy in diabetic patients with chronic complications: a pilot study. Bratisl Lek Listy. 2010;111(4):205–11.PubMed

	19.
Hadi V, Pahlavani N, Malekahmadi M, Nattagh-Eshtivani E, Navashenaq JG, Hadi S, et al. Nigella sativa in controlling Type 2 diabetes, cardiovascular, and rheumatoid arthritis diseases: Molecular aspects. J Res Med Sci: The Off Jf Isfahan Univ Med Sci. 2021;26:20.

	20.
Pahlavani N, Roudi F, Zakerian M, Ferns GA, Navashenaq JG, Mashkouri A, et al. Possible molecular mechanisms of glucose-lowering activities of Momordica charantia (karela) in diabetes. J Cell Biochem. 2019;120(7):10921–9.PubMed

	21.
Malekahmadi M, Moradi Moghaddam O, Islam SMS, Tanha K, Nematy M, Pahlavani N, et al. Evaluation of the effects of pycnogenol (French maritime pine bark extract) supplementation on inflammatory biomarkers and nutritional and clinical status in traumatic brain injury patients in an intensive care unit: a randomized clinical trial protocol. Trials. 2020;21(1):1–9.

	22.
Pahlavani N, Sedaghat A, Moghaddam AB, Kiapey SSM, Navashenaq JG, Jarahi L, et al. Effects of propolis and melatonin on oxidative stress, inflammation, and clinical status in patients with primary sepsis: study protocol and review on previous studies. Clin Nutr ESPEN. 2019;33:125–31.PubMed

	23.
Pahlavani N, Rostami D, Ebrahimi F, Azizi-Soleiman F. Nuts effects in chronic disease and relationship between walnuts and satiety: review on the available evidence. Obes Med. 2020;17: 100173.

	24.
Salvoza N, Giraudi PJ, Tiribelli C, Rosso N. Natural compounds for counteracting nonalcoholic fatty liver disease (NAFLD): advantages and limitations of the suggested candidates. Int J Mol Sci. 2022;23(5):2764.PubMedPubMedCentral

	25.
Parra-Vargas M, Rodriguez-Echevarria R, Jimenez-Chillaron JC. Nutritional approaches for the management of nonalcoholic fatty liver disease: an evidence-based review. Nutrients. 2020;12(12):3860.PubMedPubMedCentral

	26.
Mirmiran P, Amirhamidi Z, Ejtahed H-S, Bahadoran Z, Azizi F. Relationship between diet and non-alcoholic fatty liver disease: a review article. Iran J Public Health. 2017;46(8):1007.PubMedPubMedCentral

	27.
Kalafati I-P, Borsa D, Dimitriou M, Revenas K, Kokkinos A, Dedoussis GV. Dietary patterns and non-alcoholic fatty liver disease in a Greek case–control study. Nutrition. 2019;61:105–10.PubMed

	28.
Zelber-Sagi S, Ivancovsky-Wajcman D, Isakov NF, Webb M, Orenstein D, Shibolet O, et al. High red and processed meat consumption is associated with non-alcoholic fatty liver disease and insulin resistance. J Hepatol. 2018;68(6):1239–46.PubMed

	29.
He K, Li Y, Guo X, Zhong L, Tang S. Food groups and the likelihood of non-alcoholic fatty liver disease: a systematic review and meta-analysis. Br J Nutr. 2020;124(1):1–13.PubMedPubMedCentral

	30.
Harsha DW, Lin P-H, Obarzanek E, Karanja NM, Moore TJ, Caballero B, et al. Dietary Approaches to Stop Hypertension: a summary of study results. J Am Diet Assoc. 1999;99(8):S35–9.PubMed

	31.
Chiavaroli L, Viguiliouk E, Nishi SK, Blanco Mejia S, Rahelić D, Kahleová H, et al. DASH dietary pattern and cardiometabolic outcomes: an umbrella review of systematic reviews and meta-analyses. Nutrients. 2019;11(2):338.PubMedPubMedCentral

	32.
Pahlavani N, Khayyatzadeh SS, Banazadeh V, Bagherniya M, Tayefi M, Eslami S, et al. Adherence to a dietary approach to stop hypertension (DASH)-style in relation to daytime sleepiness. Nat Sci Sleep. 2020;12:325.PubMedPubMedCentral

	33.
Valipour G, Esmaillzadeh A, Azadbakht L, Afshar H, Hassanzadeh A, Adibi P. Adherence to the DASH diet in relation to psychological profile of Iranian adults. Eur J Nutr. 2017;56(1):309–20.PubMed

	34.
Conlin PR, Chow D, Miller ER, Svetkey LP, Lin P-H, Harsha DW, et al. The effect of dietary patterns on blood pressure control in hypertensive patients: results from the Dietary Approaches to Stop Hypertension (DASH) trial. Am J Hypertens. 2000;13(9):949–55.PubMed

	35.
Lin P-H, Aickin M, Champagne C, Craddick S, Sacks FM, McCarron P, et al. Food group sources of nutrients in the dietary patterns of the DASH-Sodium trial. J Am Diet Assoc. 2003;103(4):488–96.PubMed

	36.
Watzinger C, Nonnenmacher T, Grafetstätter M, Sowah SA, Ulrich CM, Kauczor H-U, et al. Dietary factors in relation to liver fat content: a cross-sectional study. Nutrients. 2020;12(3):825.PubMedPubMedCentral

	37.
Hekmatdoost A, Shamsipour A, Meibodi M, Gheibizadeh N, Eslamparast T, Poustchi H. Adherence to the dietary approaches to stop hypertension (DASH) and risk of nonalcoholic fatty liver disease. Int J Food Sci Nutr. 2016;67(8):1024–9.PubMed

	38.
Maskarinec G, Lim U, Jacobs S, Monroe KR, Ernst T, Buchthal SD, et al. Diet quality in midadulthood predicts visceral adiposity and liver fatness in older ages: the Multiethnic Cohort Study. Obesity. 2017;25(8):1442–50.PubMed

	39.
Park S-Y, Noureddin M, Boushey C, Wilkens LR, Setiawan VW. Diet quality association with nonalcoholic fatty liver disease by cirrhosis status: the multiethnic cohort. Curr Dev Nutr. 2020;4(3):24.

	40.
Razavi Zade M, Telkabadi MH, Bahmani F, Salehi B, Farshbaf S, Asemi Z. The effects of DASH diet on weight loss and metabolic status in adults with non-alcoholic fatty liver disease: a randomized clinical trial. Liver Int. 2016;36(4):563–71.PubMed

	41.
Soltani S, Shirani F, Chitsazi MJ, Salehi-Abargouei A. The effect of dietary approaches to stop hypertension (DASH) diet on weight and body composition in adults: a systematic review and meta-analysis of randomized controlled clinical trials. Obes Rev. 2016;17(5):442–54.PubMed

	42.
Soltani S, Chitsazi MJ, Salehi-Abargouei A. The effect of dietary approaches to stop hypertension (DASH) on serum inflammatory markers: a systematic review and meta-analysis of randomized trials. Clin Nutr. 2018;37(2):542–50.PubMed

	43.
Hamaguchi M, Kojima T, Itoh Y, Harano Y, Fujii K, Nakajima T, et al. The severity of ultrasonographic findings in nonalcoholic fatty liver disease reflects the metabolic syndrome and visceral fat accumulation. Off J Am Coll Gastroenterol| ACG. 2007;102(12):2708–15.

	44.
Wamberg L, Cullberg K, Rejnmark L, Richelsen B, Pedersen S. Investigations of the anti-inflammatory effects of vitamin D in adipose tissue: results from an in vitro study and a randomized controlled trial. Horm Metab Res. 2013;45(06):456–62.PubMed

	45.
Mifflin MD, St Jeor ST, Hill LA, Scott BJ, Daugherty SA, Koh YO. A new predictive equation for resting energy expenditure in healthy individuals. Am J Clin Nutr. 1990;51(2):241–7.PubMed

	46.
Dixon LB, Subar AF, Peters U, Weissfeld JL, Bresalier RS, Risch A, et al. Adherence to the USDA Food Guide, DASH Eating Plan, and Mediterranean dietary pattern reduces risk of colorectal adenoma. J Nutr. 2007;137(11):2443–50.PubMed

	47.
Sacks FM, Svetkey LP, Vollmer WM, Appel LJ, Bray GA, Harsha D, et al. Effects on blood pressure of reduced dietary sodium and the Dietary Approaches to Stop Hypertension (DASH) diet. N Engl J Med. 2001;344(1):3–10.PubMed

	48.
Heidari Z, Mohammadi E, Aghamohammadi V, Jalali S, Rezazadeh A, Sedaghat F, et al. Dietary Approaches to Stop Hypertension (DASH) diets and breast cancer among women: a case control study. BMC Cancer. 2020;20(1):1–10.

	49.
Miller PE, Cross AJ, Subar AF, Krebs-Smith SM, Park Y, Powell-Wiley T, et al. Comparison of 4 established DASH diet indexes: examining associations of index scores and colorectal cancer. Am J Clin Nutr. 2013;98(3):794–803.PubMedPubMedCentral

	50.
Committee IR. Guidelines for data processing and analysis of the International Physical Activity Questionnaire (IPAQ)-short and long forms. http://​www.​ipaqkise/​scoring pdf. 2005.

	51.
Zhao M, Duan X, Mi L, Shi J, Li N, Yin X, et al. Prognosis of hepatocellular carcinoma and its association with immune cells using systemic inflammatory response index. Future Oncol. 2022;18(18):2269–88.PubMed

	52.
Alkhouri N, Morris-Stiff G, Campbell C, Lopez R, Tamimi TAR, Yerian L, et al. Neutrophil to lymphocyte ratio: a new marker for predicting steatohepatitis and fibrosis in patients with nonalcoholic fatty liver disease. Liver Int. 2012;32(2):297–302.PubMed

	53.
Aktas G, Duman TT, Kurtkulagi O, Tel BMA, Bilgin S, Kahveci G, et al. Liver steatosis is associated both with platelet distribution width, neutrophil/lymphocyte and monocyte/lymphocyte ratios. Prim Health Care: Open Access. 2020;10(4):1–4.

	54.
Asemi Z, Esmaillzadeh A. DASH diet, insulin resistance, and serum hs-CRP in polycystic ovary syndrome: a randomized controlled clinical trial. Horm Metab Res. 2015;47(03):232–8.PubMed

	55.
Xiao M-L, Lin J-S, Li Y-H, Liu M, Deng Y-Y, Wang C-Y, et al. Adherence to the Dietary Approaches to Stop Hypertension (DASH) diet is associated with lower presence of non-alcoholic fatty liver disease in middle-aged and elderly adults. Public Health Nutr. 2020;23(4):674–82.PubMed

	56.
Rifai L, Pisano C, Hayden J, Sulo S, Silver MA, editors. Impact of the DASH diet on endothelial function, exercise capacity, and quality of life in patients with heart failure. Baylor University Medical Center Proceedings; 2015: Taylor & Francis

	57.
Hassanian-Fard S, Jalali-Dehkordi K, Rahimi H. The effect of combined training with dietary approaches to stop hypertension (DASH) on liver damage indices in patients with non-alcoholic fatty liver disease. J Isfahan Med School. 2021;39(634):533–41.

	58.
Taheri A, Mirzababaei A, Setayesh L, Yarizadeh H, Shiraseb F, Imani H, et al. The relationship between Dietary approaches to stop hypertension diet adherence and inflammatory factors and insulin resistance in overweight and obese women: a cross-sectional study. Diabetes Res Clin Pract. 2021;182: 109128.PubMed

	59.
Mansouri M, Pahlavani N, Sharifi F, Varmaghani M, Shokri A, Yaghubi H, et al. Dairy consumption in relation to hypertension among a large population of university students: the MEPHASOUS study. Diabetes, Metab Synd Obes: Targets Therapy. 2020;13:1633.

	60.
Shojaei-Zarghani S, Safarpour AR, Fattahi MR, Keshtkar A. Sodium in relation with nonalcoholic fatty liver disease: a systematic review and meta-analysis of observational studies. Food Sci Nutr. 2022;10(5):1579–91.PubMedPubMedCentral

	61.
Uetake Y, Ikeda H, Irie R, Tejima K, Matsui H, Ogura S, et al. High-salt in addition to high-fat diet may enhance inflammation and fibrosis in liver steatosis induced by oxidative stress and dyslipidemia in mice. Lipids Health Dis. 2015;14(1):1–8.

	62.
Masarone M, Rosato V, Dallio M, Gravina AG, Aglitti A, Loguercio C, et al. Role of oxidative stress in pathophysiology of nonalcoholic fatty liver disease. Oxid Med Cell Longev. 2018;2018:9547613.PubMedPubMedCentral

	63.
Lanaspa MA, Kuwabara M, Andres-Hernando A, Li N, Cicerchi C, Jensen T, et al. High salt intake causes leptin resistance and obesity in mice by stimulating endogenous fructose production and metabolism. Proc Natl Acad Sci. 2018;115(12):3138–43.PubMedPubMedCentral

	64.
Suri S, Kumar V, Kumar S, Goyal A, Tanwar B, Kaur J, et al. DASH dietary pattern: a treatment for non-communicable diseases. Curr Hypertens Rev. 2020;16(2):108–14.PubMedPubMedCentral

	65.
Shirani F, Salehi-Abargouei A, Azadbakht L. Effects of Dietary Approaches to Stop Hypertension (DASH) diet on some risk for developing type 2 diabetes: a systematic review and meta-analysis on controlled clinical trials. Nutrition. 2013;29(7–8):939–47.PubMed

	66.
Fung TT, Chiuve SE, McCullough ML, Rexrode KM, Logroscino G, Hu FB. Adherence to a DASH-style diet and risk of coronary heart disease and stroke in women. Arch Intern Med. 2008;168(7):713–20.PubMed

	67.
Holt EM, Steffen LM, Moran A, Basu S, Steinberger J, Ross JA, et al. Fruit and vegetable consumption and its relation to markers of inflammation and oxidative stress in adolescents. J Am Diet Assoc. 2009;109(3):414–21.PubMedPubMedCentral

	68.
North C, Venter C, Jerling J. The effects of dietary fibre on C-reactive protein, an inflammation marker predicting cardiovascular disease. Eur J Clin Nutr. 2009;63(8):921–33.PubMed

	69.
Azadbakht L, Surkan PJ, Esmaillzadeh A, Willett WC. The Dietary Approaches to Stop Hypertension eating plan affects C-reactive protein, coagulation abnormalities, and hepatic function tests among type 2 diabetic patients. J Nutr. 2011;141(6):1083–8.PubMedPubMedCentral

	70.
Saneei P, Hashemipour M, Kelishadi R, Esmaillzadeh A. The Dietary Approaches to Stop Hypertension (DASH) diet affects inflammation in childhood metabolic syndrome: a randomized cross-over clinical trial. Ann Nutr Metab. 2014;64(1):20–7.PubMed

	71.
Mahdavi A, Mohammadi H, Bagherniya M, Foshati S, Clark CC, Moafi A, et al. The effect of the Dietary Approaches to Stop Hypertension (DASH) diet on body composition, complete blood count, prothrombin time, inflammation, and liver function in hemophilic adolescents. Br J Nutr. 2021:128(9):1771–9.PubMed

	72.
Sakhaei R, Shahvazi S, Mozaffari-Khosravi H, Samadi M, Khatibi N, Nadjarzadeh A, et al. The dietary approaches to stop hypertension (DASH)-style diet and an alternative Mediterranean diet are differently associated with serum inflammatory markers in female adults. Food Nutr Bull. 2018;39(3):361–76.PubMed

	73.
Asemi Z, Samimi M, Tabassi Z, Sabihi S-s, Esmaillzadeh A. A randomized controlled clinical trial investigating the effect of DASH diet on insulin resistance, inflammation, and oxidative stress in gestational diabetes. Nutrition. 2013;29(4):619–24.PubMed

	74.
Aleksandrova K, Koelman L, Rodrigues CE. Dietary patterns and biomarkers of oxidative stress and inflammation: a systematic review of observational and intervention studies. Redox Biol. 2021;42: 101869.PubMedPubMedCentral

	75.
Huang Z, Kraus VB. Does lipopolysaccharide-mediated inflammation have a role in OA? Nat Rev Rheumatol. 2016;12(2):123–9.PubMed

	76.
Doustmohammadian A, Clark CC, Maadi M, Motamed N, Sobhrakhshankhah E, Ajdarkosh H, et al. Favorable association between Mediterranean diet (MeD) and DASH with NAFLD among Iranian adults of the Amol Cohort Study (AmolCS). Sci Rep. 2022;12(1):1–9.



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		The effect of DASH diet on glycemic response, meta-inflammation and serum LPS in obese patients with NAFLD: a double-blind controlled randomized clinical trial


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/12986_2023_733_Fig1_HTML.png
Enrollment

(N=150)

'

Eligible patients
(N=i 00)

Y

Random Allocation

(N=62)

I

Excluded (N=38)

- Did not meet inclusion
criteria (N=30)

- Declined to participate
(N=8)

!

!

DASH group

(N=31)

Received DASH diet

Received calorie-restricted diet

Control group

(N=31)

[ Intervention for 8 weeks ]

Loss-to-Follow (N=11)

-Not following the diet

Loss-to-Follow (N=11)

-Not following the diet

[ Data analysis }

Analysis

(N=20)

Analysis
(N=20)






OEBPS/css/sidebar.gif





