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ABSTRACT

Several research studies have shown the beneficial impact of the DASH diet on liver enzyme levels. Nevertheless, the outcomes
have been conflicting. Our goal is to offer a summary of the existing documents related to how the dash diet impacts liver en-
zymes in adults when compared to other dietary patterns. The variables of interest were liver enzymes (ALT, AST). Involved
calculating the Weighted Mean Difference (WMD) and 95% confidence intervals (CIs) to assess the effect size. This systematic
review and meta-analysis included 6 studies. Consuming the DASH diet led to a notable alteration in AST levels (mean differ-
ence (MD): —3.3051U/L, 95% CI: —4.709, —1.901, p < 0.001). The subgroup analysis revealed that DASH diet consumption could
significantly reduce ALT in patients below 44 years old, baseline serum ALT above 30IU/L, BMI below 30kg/m?, and patients
with NAFLD. In addition, DASH diet consumption significantly reduces AST in patients below 44 years old, 8 weeks' duration of
study, baseline serum AST above 28 IU/L, BMI below 30kg/m?, and patients with NAFLD. Compared to other dietary patterns,
the DASH diet could decrease ALT and AST in general or in subgroup analyses. Additional research is required to gain a better
understanding of how the DASH diet affects liver enzymes in adults.

Trial Registration: PROSPERO registration no.: CRD42024588334

1 | Introduction et al. 2016). In the past 20years, the Dietary Approaches to
Stop Hypertension (DASH) as guidelines for eating health-
Clinical recommendations and guidelines should include fol- ily has become a standard. Diet recommendations include

lowing healthy eating patterns, which are crucial factors in consuming low-fat dairy products, fruits and veggies, whole
preventing non-communicable diseases in the world (Benziger ~ grains, and limiting intake of sweets, sodium, and red and
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processed meats (Flynn et al. 2017). The DASH diet is success-
ful in preventing chronic conditions like high blood pressure,
heart disease, and type 2 diabetes (DM2) (Forman et al. 2009;
Liese et al. 2009; Toledo et al. 2010). Following the DASH
diet may improve inflammation and liver function in obese
individuals with non-alcoholic fatty liver disease (NAFLD)
(Rooholahzadegan et al. 2023).

NAFLD is related to high enzyme levels and fat accumulation
in the hepatic area (Suri et al. 2020). Elevated levels of liver
enzymes such as aspartate aminotransferase (AST) and ala-
nine aminotransferase (ALT) in the blood can suggest liver
damage (Anderson et al. 1987). The advancement of NAFLD is
attributed to inflammation, as findings from recent research
suggest (Ucar et al. 2013). A diet rich in pro-inflammatory
components can worsen NAFLD by causing oxidative stress
and generating reactive oxygen species (Tyrovolas et al. 2019;
Ucar et al. 2013). The DASH diet with high fiber and anti-
oxidant ingredients may be advantageous for reducing in-
sulin resistance and inflammatory conditions (Azadbakht
et al. 2007, 2005).

In a controlled randomized clinical trial with double-blind
conditions, obese patients in the DASH group showed a
notable decrease in levels of AST and ALT after 8 weeks,
when accounting for initial values and weight changes
(Rooholahzadegan et al. 2023). But several trials suggested
that the DASH diet did not lead to a significant reduction in
ALT levels when compared to the control group (Azadbakht
et al. 2011; Badali et al. 2023). The DASH diet directed to a
more significant reduction in AST and ALT levels in DM2
patients compared to the control diet (Azadbakht et al. 2011).
The DASH diet's effect on satiety, weight, waist circumference
(WC), and glucose and lipid profile seems to be due to its high
dietary fiber content, and these beneficial changes result in
decreased liver enzyme levels and a decrease in steatosis for
patients with NAFLD (Badali et al. 2023). However, the incon-
sistency in results—particularly regarding ALT levels—high-
lights a knowledge gap. Therefore, this research is the initial
systematic review and meta-analysis focusing on examining
the impact of the DASH diet on the levels of liver enzymes
(ALT and AST) in adults.

2 | Methods

The present research followed the preferred reporting items of
systematic reviews and meta-analysis (PRISMA) guidelines.
This study was registered at PROSPERO (http://www.crd.york.
ac.uk/PROSPERO) (Moher et al. 2009).

2.1 | Search Strategy

To identify relevant research on the impact of the DASH diet
on liver enzyme changes until December 1, 2024. We system-
atically searched electronic databases, for example, Scopus,
PubMed/Medline, ISI Web of Science, Embase, and Cochrane
databases, by means of MeSH terms and non-MeSH terms using
the following keywords (details of the search strategy in data-
bases are shown in Appendix S1):

(“DASH”[Title/Abstract] OR “dietary approaches to stop hy-
pertension”[MeSH Terms] OR “dietary approaches to stop hy-
pertension”[Title/Abstract]) AND (“Liver”[Title/Abstract] OR
“Liver”’[MeSH Terms| OR “liver enzyme”[Title/Abstract] OR
“Transaminases”|[Title/Abstract] OR “Transaminases”’|[MeSH
Terms] OR “Aminotransferase”[Title/Abstract] OR “transpep-
tidase”[Title/Abstract] OR “Alanine Transaminase”[MeSH
Terms] OR  “Alanine  Transaminase”|[Title/Abstract]
OR  “Alanine  Aminotransferase”[Title/Abstract]  OR
“ALT”[Title/Abstract] OR  “SGPT”[Title/Abstract] OR
“Aspartate Aminotransferases”[MeSH Terms| OR “Aspartate
Aminotransferases”[Title/Abstract] OR “AST”[Title/Abstract]
OR “SGOT”[Title/Abstract] OR “Alkaline phosphatase”[Ti-
tle/Abstract] OR “Alkaline phosphatase”[MeSH Terms] OR
“ALP”[Title/Abstract] OR “Gamma-Glutamyl transferase”[Ti-
tle/Abstract] OR “GGT”[Title/Abstract] OR “lactate dehydro-
genase”[Title/Abstract] OR “L-Lactate Dehydrogenase”[MeSH
Terms] OR “L-Lactate Dehydrogenase”[Title/Abstract]
OR “Dehydrogenase L-Lactate”[Title/Abstract] OR
“Dehydrogenase Lactate”[Title/Abstract] OR “LDH”[Title/
Abstract] OR “ast to alt ratio”[Title/Abstract] OR “ast to alt
ratio”[Title/Abstract] OR “liver enzyme abnormality”[Title/
Abstract] OR “liver enzyme activity”[Title/Abstract] OR “liver
function tests”[MeSH Terms] OR “liver function tests”[Title/
Abstract] OR “LEA”[Title/Abstract] OR “AST/ALT”[Title/
Abstract]) AND (“Randomized Controlled Trial”[Title/
Abstract] OR “clinical trial”[Title/Abstract] OR “controlled
trial”[Title/Abstract] OR “intervention”[Title/Abstract] OR
“Randomized”[Title/Abstract] OR  “Randomized”[Title/
Abstract] OR “randomly”[Title/Abstract] OR “placebo”[Title/
Abstract] OR “trial”[Title/Abstract] OR “assignment”[Title/
Abstract] OR “RCT”[Title/Abstract] OR “cross-over”[Title/
Abstract] OR  “parallel”[Title/Abstract] OR  “single-
blind”[Title/Abstract] OR “double-blind”[Title/Abstract] OR
“Controlled Clinical Trial”[Title/Abstract]).

2.2 | Study Selection

The screening of articles was carried out independently
through two authors (Y.A. and A.M.) based on title and ab-
stract. We calculated the kappa statistic to determine the
level of agreement between reviewers for study selection
using SPSS software (ver. 26). To this end, the following in-
terpretation of kappa was used: chance agreement (< 0), slight
agreement (0.01-0.20), fair agreement (0.21-0.40), moderate
agreement (0.41-0.60), substantial agreement (0.61-0.80), al-
most perfect agreement (0.81-0.99). In this stage, there was
perfect agreement in study selection between the reviewers (K
statistic, 0.84; p <0.001). The studies included in the analysis
were selected based on the PICOS criteria (participants, inter-
ventions, comparisons, outcomes, and study design), shown in
Table 6. Studies were pooled along with the following criteria:
(1) studies performed in adults (> 18 years), (2) RCT (crossover
or parallel), (3) evaluation of the DASH diet on liver enzymes,
(4) report means and standard deviations (SDs). The search
was narrow to human studies and did not have any language
restrictions. Exclusion criteria included: (1) animal and review
studies, (2) non-RCT or RCT without a placebo group, (3) stud-
ies conducted on children or adolescents, case reports, confer-
ence papers, dissertations, editorial papers, and books.
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2.3 | Data Extraction

Two assessors (A.M. and F.N.) performed an unaffiliated evalua-
tion of the RCTs. Ineligible studies were excluded. Finally, K sta-
tistic was calculated to determine the agreement level between
reviewers for data extraction using SPSS software (ver. 26). In
this stage, there was perfect agreement in study selection be-
tween the reviewers (K statistic, 0.87; p<0.001). Data extracted
included the following: publication details (first author's full
name, year of publication, and country where the study was con-
ducted), characteristics of participants (age, health status, body
mass index, and gender), characteristics of the study (number of
participants, type of control treatment, duration of intervention,
study design), and outcomes (ALT, AST). The lack of this infor-
mation, the mean value at the initiation was deducted from the
mean value at the end of the intervention, and the mean changes
were computed.

2.4 | Quality Assessment

Two researchers (F.N.and A.M.) evaluated the quality of the stud-
ies included using the Cochrane Collaboration tool separately
(Higgins et al. 2011). Among the six included RCTs, it was found
that all studies had a low risk of bias (Azadbakht et al. 2011;
Badali et al. 2023; Panizza et al. 2019; Razavi Zade et al. 2016;
Sangouni, Nadjarzadeh, et al. 2024; Sangouni, Hosseinzadeh,
and Parastouei 2024). All studies reported randomization and
described the randomization procedure (Azadbakht et al. 2011;
Badali et al. 2023; Panizza et al. 2019; Razavi Zade et al. 2016;
Sangouni, Nadjarzadeh, et al. 2024; Sangouni, Hosseinzadeh,
and Parastouei 2024). Details of the quality assessment results
are shown in Table 1. Also, the K statistic was calculated to de-
termine the level of agreement between reviewers for assessing
the quality of included studies using SPSS software (ver. 26).
Additionally, the general quality of the evidence related to liver
enzyme levels was evaluated using the GRADE evidence pro-
files, which indicate that the overall quality of evidence for ALT
and AST levels is low and high, respectively (Table 2).

2.5 | Statistical Analysis

In the present study, mean and SD changes were used to define
the overall effect size. SD changes were calculated based on the
formula: (SDbaseline2 + SDfinalz) —(2XRx SDbaseline X SDfinal) as-
suming a correlation coefficient of 0.5, as a conservative esti-
mate for R which ranges between 0 and 1. If SE was used in the
studies, the formula (SD=SEx y/n (n=the number of individ-
uals in each group)) was used to convert standard errors (SE),
interquartile ranges (IQRs), and 95% confidence interval (CI) to
SD (Hozo et al. 2005).

3 | Results
3.1 | Study Selection
Two authors independently screened the title, abstract, and full

text of the articles. In this stage, there was perfect agreement
in study screening between the reviewers (K statistic, 0.86;

Quality assessment of the studies included using the Cochrane Collaboration tool investigating the effect of the DASH diet on liver enzyme levels.

TABLE 1

Other
potential
threats to

Selective

Blinding
of outcome

Blinding of

Random
sequence

General
risk of bias

outcome
reporting

Incomplete
outcome data

participants
and personnel

Allocation
concealment

validity

assessment

generation

Studies

Low

Azadbakht et al. (2011)

Low

Panizza et al. (2019)

Low

Sangouni, Nadjarzadeh,

et al. (2024)

Low

Badali et al. (2023)

Low

Sangouni, Hosseinzadeh,
and Parastouei (2024)

Low

Razavi Zade et al. (2016)

Abbreviations: H, high risk of bias; L, low risk of bias; U, unclear risk of bias.
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p<0.001). Eighty-five duplicate articles were removed from
a total of 366 articles found in PubMed-MEDLINE, Cochrane
Library, Scopus, Web of Science, Google Scholar databases,
and Embase. An additional 261 articles were eliminated after
reviewing their titles and abstracts. After reading all 20 arti-
cles, we excluded 14 studies for not having enough information
(Figure 1).

3.2 | Study Characteristics
A summary of the features of qualifying studies can be found in

Table 3. The articles that were included had a sample size rang-
ing from 40 to 67 participants. Among the 6 studies analyzed, 5

were conducted in Iran and 1 was conducted in the USA. The
trials lasted for a period ranging from 8 to 12weeks. Research
has been carried out on both males and females in all studies.
There were five studies that used a parallel design and one
study that used a crossover design. Participant characteristics
were different in various studies, with a focus on special and
diseased populations like metabolic syndrome, T2DM, NAFLD,
and healthy.

3.3 | Meta-Analysis Results

ALT was reported as an outcome measure in six studies with a
total of 348 contributors. The pooled findings from the random

TABLE 2 | Grade profile regarding the effect of DASH diet on liver enzyme levels.

Quality assessment
Publication Quality of
Outcomes Risk of bias Inconsistency Indirectness Imprecision bias evidence
ALT No serious Very serious No serious Serious No serious Low
limitation limitation limitation limitation limitation Hp0O0
AST No serious No serious No serious No serious No serious High
limitation limitation limitation limitation limitation DODD

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.

Identification of studies via databases and registers

Identification studies via other methods

Records removed before screening:

Duplicate records removed (n = 85)

Websites (n=0)

Organizations (n=0)

Records removed on based

1)Unrelated title (n = 238)

2) Animal studies (n = 20)

excluded, with reasons

1) Lack of sufficient

information (n = 14)

g Records identified from: identified
p= database (n = 366) —»
Q
.‘g Registers (n = 0)
5
=
Records screen (n = 281) R title or abstract
on
£
g
Q
5
“n 4) Review (n = 3)
e Full-text articles
Report assessed for eligibility »
=
Q
= o
-g Articles included (n = 6)

FIGURE1 | Flow diagram of the study selection procedure showing the number of eligible studies for the meta-analysis of the effect of DASH

diet on liver enzymes.
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effects model exhibited no significant alteration in ALT lev-
els after consuming the DASH diet (mean difference (MD):
—3.711U/L, 95% CI: —7.813, 0.392, p=0.076) (Figure 2) with sub-
stantial heterogeneity among the studies (I>=76.62%, p=0.001,
Mean PI=-3.71,95% PI1 =—16.37, 8.95, TAU?=16.43). Also, one-
stage dose response, Galbraith plot, and Hartung-Knapp adjust-
ment analysis for the ALT outcome was done (95% CI: —8.15,
7.37, p=0.9). AST was reported as an outcome measure in six
studies with a total of 348 participants. The fixed-effects model
exhibited that consuming the DASH diet led to a notable AST
change (mean difference (MD): —3.3051U/L, 95% CI: —4.709,
—1.901, p<0.001) (Figure 3). There was no notable heterogene-
ity between these studies (I?=43.67%, p=0.114, Mean PI=-3.3,
95% PI=-8.37, 1.77, TAU?=2.83). Also, one-stage dose re-
sponse, Galbraith plot, and Hartung-Knapp adjustment analysis
for the AST outcome was done (95% CI: —4.54, 3.76, p=0.81).

3.4 | Sensitivity Analysis

We conducted a leave-one-out sensitivity analysis to detect each
trial's effect on the pooled effect size. The effect size for the in-
fluence of the DASH diet on AST levels was robust in the leave-
one-out sensitivity analysis, suggesting that omitting each single
trial did not significantly affect the meta-analysis results (Figure 4
panel A). However, the effect size aimed at the impact from the
DASH diet on ALT levels was sensitive to the study of Panizza
et al. (2019). Eliminating this study from the analysis significantly
changed the meta-analysis results (Figure 4 panel B).

3.5 | Results From Subgroup Analysis

The results of the subgroup analyses are provided in Table 4.
We stratified the studies based on the type of study population,
age (years), duration (weeks), BMI, and baseline serum ALT and
AST. The subgroup analysis presented that DASH diet consump-
tion could significantly reduce ALT in patients below 44 years
old (WMD: —6.5421U/L, 95% CI: —9.957, —3.127, p<0.001),
baseline serum ALT over 30IU/L (WMD: —-7.182IU/L, 95%
CI: —9.79, —4.575, p<0.001), BMI below 30kg/m? (WMD:
—7.2371U/L, 95% CI: —11.207, —=3.266, p<0.001), and patients
with NAFLD (WMD: -6.5421U/L, 95% CI. —9.957, —3.127,
p<0.001). In addition, DASH diet consumption significantly re-
duces AST in patients below 44 years old (WMD: —5.298 IU/L,
95% CI: =7.994, —2.601, p<0.001), 8 weeks' duration of study
(WMD: —3.4391U/L, 95% CI: —5.357, —1.521, p <0.001), baseline
serum AST over 28 IU/L (WMD: —4.3821U/L, 95% CI: —6.524,
—2.239, p<0.001), BMI below 30kg/m? (WMD: —5.6661U/L,
95% CI:. —8.721, —2.61, p<0.001), and patients with NAFLD
(WMD: —5.2981U/L, 95% CI: =7.994, —2.601, p <0.001).

3.6 | Publication Bias

The funnel plots of the influence of the DASH diet on ALT and
AST levels are shown in Figure 5. After applying the “trim
and fill” method, one potentially missing study was imputed
for the meta-analysis of each AST or ALT for adjusting pub-
lication bias (Figure 5, Appendix S2). Table 5 summarizes

Study name for each study Difference in means and 95% CI
Difference Standard Lower Upper
in means error Variance limit limit Z-value

Abbas Ali Sangouni 2024 (1)
Taghi Badali 2023

Leila Azadbakht 2011
Mohsen Razavi Zade 2016
Chloe E. Panizza 2019
Abbas Ali Sangouni 2024 (2)

3.573
22.666
0.798
27.956
26.632
4.007
4.381

-10.935
-12.031
-3.151
-22.563
0.785
-10.333
-7.813

=l

-25.00 -12.50 o0.00 12.50 2s5.00

Favours Dash diet Favours Placebo

FIGURE 2

| Forest plot of randomized controlled trials that compares the effects of the intervention (DASH diet) and the control (placebo) groups

on ALT. Effects are presented as means and standard error (SE) for within-group change from baseline and standardized (Std) mean differences with
random 95% CI. The findings exhibited no significant alteration in ALT levels after consuming the DASH diet (mean difference (MD): —3.711U/L,

95% CI: —7.813, 0.392, p=0.076).

AST

Study name for each study
Difference Standard Lower Upper
in means error Variance limit limit
Abbas Ali Sangouni etal. 2024 (1) 3.140 1.533 2.350 -6.144 0.136
Taghi Badali 2023 -4.000 2.928 8.572 -9.738 1.738
Leila Azadbakht 2011 3.100 1.062 1.128 -5.182 1.018
Mohsen Razavi Zade 2016 9.100 4.906 24.072 - 0.516

Chloe E. Panizza 2019
Abbas Ali Sangouni etal 2024 (2)

9.240 -
2.703 -
0.513 -

Z-value

Difference in means and 95% CI

p-Value

—-—
<>

-25.00 -12.50 0.00 12.50 25.00

Favours Dash diet Favours Placebo

FIGURE3

| Forest plot of randomized controlled trials that compares the effects of the intervention (DASH diet) and the control (Placebo) groups

on AST. Effects are presented as means and standard error (SE) for within-group change from baseline and standardized (Std) mean differences
with random 95% CI. The results showed that consuming the DASH diet led to a notable AST change (mean difference (MD): —3.305 IU/L, 95% CI:

—4.709, —1.901, p <0.001).
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A. Aspartate aminotransferase

Study name Statistics with study removed Difference in means (95%

Standard Lower Upper Cl) vith study removed
Point  emor  Variance limit limt Z-Value p-Value
Abbas Ali Sangouni etal. 2024 (1) -3.351 0810 0657 -4.939 -1.762 -4.135 0.000
Taghi Badali 2023 -3.260 0739 0546 4708 -1.812 -4.413 0.000
Leila Azadbakht 2011 -3475 0970 0942 -5377 -1574 -3582 0.000
Mohsen Razavi Zade 2016 3178 0724 0524 4598 -1.759 -4.389 0.000
Chloe E. Panizza 2019 -3.740 0737 0543 5185 -2295 -5.074 0.000
Abbas Ali Sangouni etal. 2024 (2) -2.842 079 0634 -4402 1282 -3570 0.000

-3.305 0716 0513 4709 -1.901 -4.613 0.000 0
-70.00  -35.00 0.00 35.00 70.00
Favours DASH diet Favours Control
B. Alanine aminotransferase

Study name Statistics with study removed Difference in means (95%

Standard Lower Upper Cl) with study removed
Point  error Variance limit limit Z-Value p-Value
Abbas Ali Sangouni 2024 (1}2.704 2466  6.081 -7.537 2129 -1.097 0.273
Taghi Badali 2023 3809 2330 5431 8377 0.758 -1.635 0.102
Leila Azadbakht 2011 4354 2642 6978 9532 0.823 -1.648 0.099
Mohsen Razavi Zade 2016 -2.834 2134 4555 -7.017 1.349 -1.328 0.184
Chloe E. Panizza 2019 -5.201 1.887 3562 -8.900 -1.502 -2.756 0.006
Abbas Ali Sangouni 2024 (2)-2.916 2590 6.711 -7.994 2161 -1.126 0.260
3711 2093 4381 -7.813 0392 -1.773 0.076

-70.00 -35.00  0.00 35.00  70.00
Favours DASH diet Favours Control

FIGURE4 | Forest plot of the leave-one-out sensitivity analysis of the effects of the intervention (DASH diet) and the control (placebo) groups on
AST (A) and ALT (B). Effects are presented as means and standard error (SE) for within-group change from baseline and standardized (Std) mean

differences with random 95% CI.

the results of Begg's rank correlation, Egger's linear regres-
sion, “fail-safe N” tests, and correlated effect size (Table 6,
Figure 1).

4 | Discussion

Based on current understanding, this research represents the
first comprehensive analysis and meta-analysis evaluating the
influence of the DASH diet on liver enzyme levels in adults.
It includes findings from six RCTs (Azadbakht et al. 2007;
Badali et al. 2023; Panizza et al. 2019; Razavi Zade et al. 2016;

Sangouni, Nadjarzadeh, et al. 2024; Sangouni, Hosseinzadeh,
and Parastouei 2024). The meta-analysis reveals that adherence
to the DASH diet leads to significant reductions in levels of AST,
while the impact on ALT was not statistically significant.

During subgroup analysis, a notable decrease in ALT was ob-
served in participants under 44years of age, with a baseline
serum ALT over 30IU/L, a BMI below 30kg/m?, and patients
with NAFLD. Furthermore, the Dash diet eating plan signifi-
cantly decreases AST levels in patients younger than 44years
old, with a study duration of 8 weeks, a baseline serum AST over
281U/L, a BMI below 30kg/m?, and patients with NAFLD.

Food Science & Nutrition, 2025
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TABLE 4 | Results of subgroup analysis of the included trials regarding the effects of DASH diet on serum liver enzymes.

Number of

comparison WMD 95% CI P P (%) P-Heterogeneity 95% P1
Subgroup analyses for ALT outcome
Age (years)
<44 3 —6.54 —9.95, -3.12 <0.001 0 0.406 —62.61, 49.53
>44 3 —1.08 -7.36, 5.19 0.735 86.03 0.001 —66.69, 64.53
Duration (weeks)
8 3 -3.85 -9.5,1.8 0.182 51.21 0.129 —67.04, 59.34
12 3 -2.79 -9.75,4.16 0.431 82.02 0.004 —71.21, 65.63
Baseline serum ALT (IU/L)
<30 3 1.21 —5.57,8.01 0.725 64.49 0.06 —66.58, 69
>30 3 -7.18 -9.79, —4.57 <0.001 0 0.592 —61.39,47.03
BMI (kg/m?)
<30 2 —7.23 -11.2, -3.26 <0.001 4.65 0.306 —64.8, 50.34
>30 3 -0.44 —10.75, 9.89 0.932 81.98 0.004 —84.92, 84.04
Population
NAFLD 3 —-6.54 -9.95, -3.12 <0.001 0 0.406 —62.61, 49.53
Other 3 —1.08 —7.36, 5.19 0.735 86.03 0.001 —56.9, 59.06
diseases
Subgroup analyses for AST outcome
Age (years)
<44 3 —5.298 -7.99, -2.6 <0.001 0 0.671 —32.87,22.29
>44 3 —1.805 —4.89,1.28 0.251 61.55 0.074 —31.05, 27.45
Duration (weeks)
8 3 -3.43 —5.35, -1.52 <0.001 0 0.48 —28.13, 21.27
12 3 -2.16 —6.41, 2.09 0.32 72.85 0.025 -37.03, 32.71
Baseline serum AST (IU/L)
<28 3 —1.48 —5.69, 2.73 0.491 62.23 0.071 —36.14, 33.18
>28 3 —4.38 —6.52, -2.23 <0.001 0 0.391 —29.89, 21.13
BMI (kg/m?)
<30 2 5.66 -8.72, -2.61 <0.001 0 0.46 —34.77,23.45
>30 3 -1.39 —5.8,3.009 0.535 60.32 0.08 —36.98, 34.2
Population
NAFLD 3 -5.29 -7.99, -2.6 <0.001 0 0.671 —32.87,22.29
Other 3 -1.8 —4.89,1.28 0.251 61.55 0.074 —31.05, 27.45
diseases

In the current study, there was no significant heterogeneity re-
garding AST levels among the included studies, which makes
our results about AST levels more reliable. However, interpret-
ing our findings accurately for ALT levels is more challenging
due to the significant heterogeneity regarding ALT levels among
the included studies. This apparent heterogeneity suggests that

Dash diet consumption may have varying impacts on ALT levels
across different populations. Notably, the randomized controlled
trials included in the current meta-analysis involved adult par-
ticipants of both genders, including healthy individuals, as
well as patients with metabolic syndrome, T2DM, or NAFLD
(Azadbakht et al. 2011; Badali et al. 2023; Panizza et al. 2019;
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A. Funnel plot of standard error of aspartate aminotransferase by difference in mean
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FIGURE 5 | Funnel plots for publication bias assessment of the intervention (DASH diet) and the control (placebo) groups on AST (A) and ALT
(B). Effects are presented as means and standard error (SE) for within-group change from baseline. After applying the “trim and fill” method, one
potentially missing study was imputed for the meta-analysis of each AST or ALT for adjusting publication bias.

TABLE 5 | Publication bias for ALT and AST.

Corrected Fail-safe
effect size Begg's rank correlation test Egger's liner regression test N test
Kendall's
WMD 95% CI Tau z P Intercept 95% CI t df P n
ALT —2.75 —6.76,1.25 0 <0.001 1 -0.67 -5.06,3.70  0.42 4 0.68 17
AST -3.17 —4.56, -0.13 0.37 0.70 0.10 —3.76, 3.96 0.07 4 0.94 21
-1.78
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TABLE 6 | PICOS criteria used to define the research question.

Participants Interventions

Comparisons

Outcomes Study design

All humans Dash Diet

Liver enzymes

ALT and AST PR and CR

Razavi Zade et al. 2016; Sangouni, Nadjarzadeh, et al. 2024;
Sangouni, Hosseinzadeh, and Parastouei 2024).

Randomized controlled trials examining the impact of the
DASH diet on AST and ALT levels have typically shown con-
flicting results (Azadbakht et al. 2011; Badali et al. 2023; Panizza
et al. 2019; Razavi Zade et al. 2016; Sangouni, Nadjarzadeh,
et al. 2024; Sangouni, Hosseinzadeh, and Parastouei 2024).
Similar to our findings, some studies reported no significant re-
duction in ALT levels (Azadbakht et al. 2011; Badali et al. 2023),
though certain studies have shown a notable reduction in ALT
levels among participants following the DASH diet, in con-
trast to those in the control group (Razavi Zade et al. 2016;
Sangouni, Nadjarzadeh, et al. 2024; Sangouni, Hosseinzadeh,
and Parastouei 2024). Additionally, similar to our findings,
certain studies have demonstrated a notable decrease in AST
levels when following the DASH diet (Azadbakht et al. 2011;
Badali et al. 2023; Sangouni, Nadjarzadeh, et al. 2024; Sangouni,
Hosseinzadeh, and Parastouei 2024), while others have not ob-
served a significant divergence compared to the control group
(Razavi Zade et al. 2016).

As mentioned, similar to our findings, some trials indicated that
the DASH diet did not significantly reduce ALT levels compared
to the control group (Azadbakht et al. 2011; Badali et al. 2023).
One trial noted that this could be due to the differences in base-
line ALT levels between the DASH diet group and the control
group (Azadbakht et al. 2011). The findings of the present meta-
analysis also showed that the participants’ baseline serum ALT
levels, as well as AST levels, were one source of heterogeneity.
The results of the sub-group analysis exhibited that a significant
reduction in ALT and AST was observed in participants with
baseline serum ALT over 30IU/L and baseline serum AST over
28IU/L, respectively. Additionally, in the current study's sub-
group analysis, a significant reduction in ALT and AST levels
was observed in patients with NAFLD. This could also be at-
tributed to the higher baseline level of these enzymes in patients
with NAFLD. Moreover, in sub-group analysis, a significant re-
duction in ALT and AST levels was found in participants under
44years of age but not in participants over 44years of age. This
finding could again be due to the higher level of ALT typically
found in this age group, as investigations have revealed that
serum ALT levels are associated with age, tending to increase
from the first to the fourth decade of life and decreasing after
that (Dufour et al. 2000; Kang et al. 2011). Similarly, some in-
vestigations have found that AST serum levels are likewise neg-
atively affected by age (Bussler et al. 2018).

The main reason for the positive effects of the DASH diet is its
abundance of vegetables, whole grains, legumes, fruits, and
nuts. Additionally, the DASH diet focuses on restricting con-
sumption of saturated fat, processed and red meats, salt, added
sugars, and sugar-sweetened beverages (Harsha et al. 1999). This
diet consists of high-fiber foods with a low glycemic index that
are not dense in energy and also help lower cholesterol levels

(Chiavaroli et al. 2019; Suri et al. 2020). Earlier studies have re-
vealed that patients with NAFLD who followed the DASH diet
experienced notable reductions in weight, BMI, and WC when
compared to those on the control diet (Razavi Zade et al. 2016;
Yazici et al. 2009). Besides, prior evidence has revealed that con-
suming vegetables, fruits, and whole grains is contrariwise asso-
ciated with the severity of fatty liver and levels of liver enzymes
(Campbell 2017; Panbehkar-Jouybari et al. 2021). Various mech-
anisms have been proposed to explain how the DASH diet may
impact liver enzyme levels. Consuming less simple sugar and
more fiber, magnesium, and calcium in the DASH diet could
result in reduced levels of liver enzymes in the blood (Razavi
Zade et al. 2016). The DASH diet's effect on liver enzymes is also
due to its various antioxidants and bioactive compounds. One of
the most important of these is polyphenols, which are bioactive
components found in vegetables and fruits. These elements are
able to reduce the synthesis of lipids in the liver, enhance the
elimination of fat, and result in enhancements in the factors that
contribute to the advancement of fatty liver and levels of liver
enzymes (Salomone et al. 2016; Sangouni et al. 2023; Sangouni,
Hosseinzadeh, and Parastouei 2024). Studies have shown that
a mix of polyphenols is more effective in treating fatty liver
compared to just one type of polyphenol supplement (Elgebaly
et al. 2017, Mahmoodi et al. 2020). Moreover, there is evidence
supporting that the intake of whole grains decreases lipid accu-
mulation in hepatocytes and decreases serum levels of AST and
ALT (Schutte et al. 2018), whereas consuming refined grains
activates the buildup of TGs in the liver (Dorosti et al. 2020;
Fardet 2010; Hoevenaars et al. 2019; Schutte et al. 2018). The
DASH diet contains a large quantity of whole grains, fruits, and
vegetables that offer a high level of dietary fiber.

Fibers canister increase the number of beneficial bacteria
in the gut and improve the performance of gut microbiota
(Holscher 2017; Makki et al. 2018). Then, short-chain fatty
acids (SCFAs) (acetate, propionate, and butyrate) derived from
fermentable dietary fibers by gut microbiota have the ability to
enhance the liver's fat clearance, boost insulin sensitivity, and
reduce inflammation pathway activation (Canfora et al. 2015;
Den Besten et al. 2015; Mollica et al. 2017). Moreover, there is
a connection between obesity and fatty liver. Certain mecha-
nisms listed earlier, through which the DASH diet lessens the
intensity of fatty liver, may also lower obesity. Moreover, con-
suming fiber can also prolong gastric emptying and feelings of
fullness, while reducing both hunger and the absorption of mac-
ronutrients (Dayib et al. 2020). Nevertheless, it should be noted
that some studies have suggested that it's not clear whether the
welfares of the DASH eating pattern on liver enzyme levels are
influenced by weight loss. But significant associations between
DASH eating patterns and liver enzyme levels have stayed even
after adjusting for weight, suggesting that the DASH diet has
beneficial effects self-governing of weight reduction (Azadbakht
et al. 2011). In this regard, the studies’ findings are inconsistent
(Azadbakht et al. 2011; Dayib et al. 2020). This may be due to the
various populations of the investigations with different baseline
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weights. More well-designed studies with larger sample sizes
are obligatory to determine whether the beneficial effects of the
DASH dietary pattern are dependent on weight reduction or not.

When subgroup analysis was conducted, the effect of the DASH
diet on serum ALT levels was not significant in the trials with
a duration of 8 or 12weeks. However, it's important to interpret
this result cautiously due to significant heterogeneity in the trials
with intervention durations of 8 or 12weeks. Correspondingly,
the DASH diet had a significant effect on serum AST levels in
trials with a duration of 8 weeks but not in trials with a duration
of 12; yet due to significant heterogeneity in the trials with inter-
vention durations of 12 weeks, this result should be interpreted
cautiously.

In the subgroup analysis, participants with a BMI below
30kg/m? showed a significant decrease in ALT and AST lev-
els. Regardless, because there is heterogeneity in the trials on
participants with a BMI above 30kg/m?, the obtained result
should be interpreted cautiously. Some studies have shown a
correlation between liver enzyme levels and BMI, with levels
also varying significantly by gender (Nakamura et al. 1998).
However, some others demonstrate a relation between BMI and
serum liver enzyme activity, with the liver enzyme activity of
obese subjects (BMI greater than 30kg/m?) increasing com-
pared with that of normal subjects in both genders (Salvaggio
et al. 1991). Moreover, some trials indicated that the DASH
group had greater reductions in BMI compared with the control
group (Badali et al. 2023). Considering the findings of our meta-
analysis and the results of previous studies, further research is
needed to assess the effect of adherence to the DASH diet on
liver enzyme levels in individuals with different BMI levels and
genders.

The DASH eating pattern has distinct properties that set it
apart from other healthy diets that assist in managing liver dis-
eases and reducing liver enzymes. This diet is recommended
for lowering blood pressure and improving cardiovascular risk
factors. It seems to have greater beneficial impacts on individ-
uals with increased cardiometabolic risk (Siervo et al. 2015).
Meanwhile, a significant number of patients with fatty liver
diseases have increased cardiometabolic risk (Aneni et al. 2015;
El Hadi et al. 2019; Lim et al. 2015; Stefan et al. 2019). In fact,
a higher cardiometabolic index is related to NAFLD risk (Zou
et al. 2022). Thus, the DASH eating pattern seems to be a rea-
sonable approach to managing NAFLD and cardiometabolic
risk together (Chiavaroli et al. 2019). Furthermore, the evidence
suggests that following the DASH diet is associated with im-
proved mental health (Faghih et al. 2020). Another applicable
property of the DASH diet is its wide variety of food options,
making it comfortable for most of the diet participants to adhere
to it (Moore and Jenkins 2011; Windhauser et al. 1999). Simply
following the DASH diet plan, even to a small degree, is linked
to a decreased likelihood of all-cause and cause-specific mortal-
ity. Greater adherence to this diet further strengthens the risk-
reducing association (Soltani et al. 2020).

The present study had some strong points. Up until now, no
other study has conducted a systematic review and meta-
analysis to evaluate how the DASH dietary plan impacts
liver enzyme levels in adults. To cover all relevant literature,

a complete search was conducted using PRISMA guidelines
(Page et al. 2021) across six databases: Scopus, PubMed, ISI
Web of Science, Embase, Cochrane databases, and Google
Scholar. Furthermore, the reference lists of the related reviews
were searched. This study also utilized a snowball search
technique to include other relevant trials that may have been
missed. Then, standard methodologies were used to assess het-
erogeneity, meta-analysis, sensitivity analysis, and publication
bias. Also, the quality of the included studies was assessed ac-
cording to the Cochrane guideline. All included trials had a low
risk of bias, strengthening the inference of a cause-and-effect
association. Additionally, the GRADE evidence profiles were
used to evaluate the overall quality of evidence related to the
effect of the DASH diet on liver enzyme levels. Based on the
GRADE evidence profiles, no serious limitation was found re-
garding the risk of bias, indirectness, and publication bias re-
garding the effect of the DASH dietary plan on ALT and AST
levels. In addition, according to the GRADE evidence profiles,
the quality of evidence regarding the effect of the DASH dietary
plan on AST was high. Thus, we are very confident that the true
effect is close to the estimate (Kirmayra et al. 2021). However,
the present study has some limitations that need to be taken
into account. The included RCTs were limited and had a mod-
est sample size, which resulted in inadequate statistical power
to detect a certain effect in the present meta-analysis. It should
be noted that according to the GRADE evidence profiles, the
quality of evidence regarding the effect of the DASH dietary
plan on ALT was low. A sensitivity analysis was performed to
assess the robustness of the results. This involved modifying
the inclusion criteria and systematically excluding specific
studies to observe how these changes affected the overall find-
ings, thereby providing a clearer understanding of the impact
of the DASH dietary plan on ALT. As a result, our confidence
in the estimate of this effect is limited (Kirmayra et al. 2021).

It is worth noting that some of the included RCTs did not provide
sufficient data on the participants' waist circumference, fat mass,
total lean body mass, and physical activity level (Azadbakht
etal. 2011; Badali et al. 2023; Sangouni, Nadjarzadeh, et al. 2024;
Sangouni, Hosseinzadeh, and Parastouei 2024). Therefore, it
was not possible to include them in sub-group analysis based
on these variables, even though these variables could affect the
results (Bekkelund and Jorde 2019; Samadi et al. 2007; Stranges
et al. 2004; Valizadeh et al. 2011). Moreover, due to the lim-
ited available data in the trials, it was not possible to analyze
the effect of DASH diet consumption on alkaline phosphatase
(ALP) serum levels (Badali et al. 2023; Sangouni, Nadjarzadeh,
et al. 2024).

The sensitivity analysis in the current study revealed that re-
moving each trial would not significantly change the meta-
analysis results about the effect size of the DASH diet on AST
levels; nevertheless, the effect size for the impact of the DASH
diet on ALT levels was sensitive to the study conducted by
Panizza et al. (2019). In other words, omitting this investigation
from the analysis significantly changes the meta-analysis results
regarding the consequence of the DASH diet on ALT levels; con-
sequently, it is important to interpret our findings with caution.

Furthermore, the included RCTs were heterogeneous in terms
of the participants’ mean age and BMI, population, intervention
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duration, and baseline serum ALT and AST levels. It seems
that potential differences in the population, participants’ mean
age, and baseline serum ALT and AST levels may have a con-
founding impact on the changes in serum ALT and AST levels.
Therefore, the interpretation of our findings should be done cau-
tiously. We did a subgroup analysis to find the possible sources
of heterogeneity. However, in some cases, these analyses were
not able to resolve this problem.

Future research should conduct more carefully planned ran-
domized controlled trials with bigger participant groups and
extended intervention periods to investigate the impact of the
DASH dietary plan on liver enzyme levels. These trials can
mainly focus on the impact of the DASH dietary plan on liver
enzyme levels, such as ALP, in patients of different races and
different countries with NAFLD. Moreover, it is recommended
that these studies supply adequate data on the participants’
weight, height, BMI, waist circumference, fat mass, total lean
body mass, and physical activity level.

5 | Conclusions

Compared to other dietary patterns, the dash diet could decrease
ALT and AST in general or in subgroup analysis. More research
is required to gain a better understanding of how the dash diet
impacts liver enzymes in adults.
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