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ARTICLE INFO SUMMARY
Article history: Background & aim: Chronic Kidney Disease (CKD) remains a significant global non-communicable
Received 29 April 2025 disease (NCD) that affects more than 10 % of the world's population. Attention is gradually shifting to

Accepted 27 August 2025 tertiary prevention of CKD to avoid End-Stage Renal Disease (ESRD) progression. This study reviewed

evidence of the use of a Dietary Approach to Stop Hypertension (DASH) and its effect on disease pro-
Keywords: gression among patients living with CKD.

DASH . Methods: A comprehensive search was conducted using the Scopus, PubMed, Web of Science, ProQuest,
eCléFDRpmgressmn and EBSCOHost databases for studies published from 1997 to 2025. The PICO framework guided the
UACR search, focusing on patients with CKD, DASH as the intervention, other dietary and non-dietary ap-
Nutrition proaches as comparisons, and CKD progression measured by changes in estimated Glomerular Filtration

Rate (eGFR) and/or Urine Albumin-to-Creatinine Ratio (UACR) as outcomes. Effect sizes with 95 %
confidence intervals and pooled effects were calculated using random effects REML models and Z-tests.
Percentage changes in renal function post-intervention, based on eGFR, were also computed. Cochran's
Q test and the I-squared (I?) statistic assessed study heterogeneity. This review protocol is registered
with PROSPERO (CRD42024588682).
Results: Of the 174 studies screened, four met the eligibility criteria and were included in the review. All
were prospective cohort studies with an average follow-up of 5.5 years and a combined patient sample
size of 7033. Across studies, low DASH adherence was defined as scores in the lower half of the possible
range used, and high adherence as scores in the upper half (e.g., 0-40 vs. 41-80; 0-4 vs. 5-9; 8-24 vs.
25-40). Low DASH adherence was associated with a mean eGFR improvement of 0.54 ml/min/1.73 m?
(1.2 %) (Z = 0.57, p = 0.57), while high adherence showed a greater improvement of 3.34 ml/min/1.73 m?
(6.8 %) (Z = 1.77, p = 0.08). Only one study assessed UACR, reporting a lower median UACR with high
DASH adherence (33.6 mg/g) compared to low adherence (55.6 mg/g).
Conclusions: The DASH diet has the potential to slow CKD progression; however, consistent adherence is
crucial to maximize its clinical benefits and improve renal outcomes. Although improvements in eGFR
with DASH diet adherence are clinically meaningful, they lack statistical significance. These findings
support global efforts towards achieving Sustainable Development Goal 3 for NCDs.
© 2025 The Author(s). Published by Elsevier Ltd on behalf of European Society for Clinical Nutrition and
Metabolism. This is an open access article under the CC BY license (http://creativecommons.org/
licenses/by/4.0/).
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Abbreviations

CKD Chronic Kidney Disease

DASH Dietary Approaches to Stop Hypertension
eGFR Estimated Glomerular Filtration Rate

ESRD End-Stage Renal Disease

KDOQI Kidney Disease Outcomes Quality Initiative
KRT Kidney Replacement Therapy

MDRD Modification of Diet in Renal Disease

NCDs Non-Communicable Diseases

UACR Urine Albumin-to-Creatinine Ratio

1. Introduction

Chronic Kidney Disease (CKD) remains a public health burden
affecting between 8.5 % and 11.4 % of the global population with
approximately 1.2 million recorded deaths annually [ 1-6]. However,
a systematic review and meta-analysis revealed an estimated 13.4 %
global burden in all five CKD stages and 10.6 % in stages 3-5 [7].
Although CKD incidence has been reported worldwide, it is dispro-
portionately high (80 %) in low- and middle-income countries
(LMICs) [8]. China and India account for the majority of the global
CKD cases (132.3 million and 115.1 million cases, respectively) [1].
Approximately 15.8 % (95 % CI: 12.1-19.9) CKD prevalence has been
reported in Africa [9], with a prevalence of 13.9 % (95 % CI: 12.2-15.7)
specifically in sub-Saharan Africa [10]. The prevalence of stage 3-5
CKD in South Africa, Senegal, and Congo is approximately 7.6 % [11],
with that in Ghana ranging from 13 to 30 % [12-15].

CKD is a known non-communicable disease (NCD) and a
chronic progressive renal abnormality characterized by a low
estimated Glomerular Filtration Rate (eGFR), elevated urine albu-
min, and accompanying complications detectable for more than 90
days [16]. CKD significantly increases the risk of cardiovascular
disease, stroke, hyperlipidemia, anemia, and metabolic bone dis-
orders [17]. When not properly managed, particularly in in-
dividuals with comorbidities such as hypertension and diabetes,
CKD can progress to End-Stage Renal Disease (ESRD), leading to
further health deterioration [18]. Globally, approximately 88 % of
CKD cases progress to ESRD [19], and almost 4 million people live
on Kidney Replacement Therapy (KRT) [20], primarily because of
the complications of hypertension and diabetes [18]. CKD is fore-
casted to take 5th place as the world's most common cause of
years of life lost by 2040 [21].

Prevention of CKD primarily involves minimizing the risk of
occurrence through a healthy lifestyle, such as reducing sedentary
lifestyle and increasing physical activity, dietary restrictions,
ceasing smoking and alcohol intake, and refraining from the use of
unprescribed medications [22,23]. Major risk factors such as
obesity, hypertension, and diabetes mellitus have been signifi-
cantly associated with CKD in varying populations [11,14,24-27].
Management of CKD requires multifaceted approaches, including
monitoring and control of blood pressure and blood glucose,
intermittent laboratory tests to monitor renal health, prescribed
medication intake, and cessation of unhealthy lifestyle [28]. Evi-
dence shows the harmful effects of chronic and uncontrolled high
blood pressure on the anatomical features of the kidney and the
renal system. For instance, constriction and narrowing of the blood
vessels causes inter-glomerular pressure build-up, leading to
impaired glomerular filtration, uncontrolled protein filtration in
urine resulting in reduced blood flow to the kidneys, impaired
urine output, and extra waste fluid retention [29-32].

712

Clinical Nutrition ESPEN 69 (2025) 711-721

Self-management is a key strategy in CKD management and is
highly recommended, as it has been proven to improve CKD-related
health outcomes and quality of life [33,34]. Diet plays a crucial role
in the prevention and management of hypertension. Regular intake
of high-sodium diets, added sugars, refined and high-energy foods,
saturated fats, and low consumption of fruits and vegetables poses a
high risk of developing hypertension and associated complications
[35-39]. In CKD patients, the kidneys undergo physiological and
biological changes that result in alterations in their regulatory,
metabolic, and excretory functions that result in reduced urine
output; thus, <500 ml urine per day [40]. These changes are char-
acterized by low eGFR, fluid and electrolyte imbalance, and reten-
tion, including the retention of toxins and waste in the bloodstream
[16,41]. Patients with CKD may diagnostically present with edema
and high blood electrolyte concentrations, including hyperkalemia,
dysnatremia, hyperphosphatemia, and metabolic acidosis [42,43].
Self-management through lifestyle and dietary modifications seeks
to regulate the influx of dietary nutrients and electrolytes, such as
protein, phosphorus, potassium, sodium, and calcium, which can
lead to fluid-electrolyte imbalances and exacerbate hypertension,
further stressing the kidneys in CKD patients [41,44].

Nutritional guidelines were developed for managing CKD first
under the Kidney Disease Outcomes Quality Initiative (KDOQI) in
1996 [45]. In addition, the Modification of Diet in Renal Disease
(MDRD) was deployed in randomized-controlled trials to ascertain
the effect of dietary protein restriction on CKD progression using
proteinuria as a urine marker of interest [46,47]. However, first
published in 1997, the Dietary Approaches to Stop Hypertension
(DASH) diet trial provided scientific evidence that there is a sub-
stantial reduction in blood pressure among individuals who
regularly consume a diet rich in fruits and vegetables, whole
grains, lean proteins, reduced saturated and total fats, and low-fat
dairy foods [48]. Since then, the DASH diet has been used in the
management of several NCDs, including diabetes [49], cardiovas-
cular diseases [50], and cancers [51]. Although the DASH diet was
primarily indicated for lowering blood pressure in patients with
hypertension, recent studies have reported the early promise of
modified versions of the DASH dietary pattern, resulting in
reduced CKD progression [52-56]. A population-based study in
West Asia reported a 46 % increased odds of CKD incidence among
people on high-fat and high-sugar dietary patterns but a 43 %
protection among those on a lacto-vegetarian dietary pattern [57].
DASH diet has been associated with reduced blood uric acid con-
centrations, which reduced the risk of gout [58], reduced body
weight and waist circumference, blood pressure, and triglyceride
concentrations in diverse populations with different clinical dis-
orders and underlying conditions [51,59-61]. There is sufficient
evidence supporting the reduced risk of CKD incidence among
healthy individuals who adhere to DASH dietary patterns [62,63].
However, little is known about the applicability and effects of the
DASH diet in managing patients already diagnosed with CKD. In
this systematic review, we synthesized evidence on the use of
DASH in managing patients with CKD and examined the effect of
the DASH intervention on CKD progression.

2. Materials & methods

The current protocol was designed based on the study frame-
work guided by the Cochrane Handbook for Systematic Reviews of
Interventions (CHSRI) [64] and, evidence synthesis developed by
Arksey and O'Malley, 2005 [65], which was further developed by
Levac et al., 2010 [66]. This framework includes identifying the
research question, planning the literature search, developing the
study eligibility criteria, screening to select eligible articles,
charting the eligible articles, quality appraisal, planning the results
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synthesis methods, summarizing, and presenting results. This
systematic review was conducted according to a pre-established
review protocol registered on the PROSPERO register (registra-
tion number CRD42024588682).

2.1. Research question

This review was conducted based on the following research
question: What is the effect of Dietary Approaches to Stop Hy-
pertension (DASH) on disease progression in patients living with
CKD? We employed the Population, Intervention, Comparison, and
Outcome (PICO) framework, as illustrated in Table 1, to establish
the literature search boundaries and line of inquiry [67].

2.2. Definition of CKD progression

CKD progression was defined as an estimated Glomerular
Filtration Rate (eGFR) of <60 ml/min/1.73 m? and/or a Urine
Albumin-to-Creatinine Ratio (UACR) >30 mg/g [68]. This review
synthesized evidence on the change in eGFR and/or UACR, effec-
tive direct biomarkers of CKD progression, among cohorts of pa-
tients with CKD pre- and post-DASH intervention over a follow-up
period.

2.3. Literature search strategy

We performed a comprehensive and reproducible literature
search in January, 2025 to identify relevant peer-reviewed studies
for inclusion in this review. The search was performed following
the guidelines of the Cochrane Handbook for Systematic Reviews
of Interventions (CHSRI) [64] and the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) [69]. The litera-
ture search was performed using the following electronic data-
bases: Scopus, PubMed, Web of Science, ProQuest, and EBSCOHost
(made up of CINAHL, MEDLINE, Health Source- Consumer Edition,
and Health Source: Nursing/Academic Edition). The search was
performed using appropriate indexing keywords, Boolean opera-
tors, and Medical Subject Headings (MeSH) terms. The general
search strategy included: (DASH OR “Dietary Approaches to Stop
Hypertension” OR “Hypertension diet”) OR (“Chronic Kidney Dis-
ease” OR CKD OR “CKD Progression” OR “Chronic Kidney Disease
Progression” OR “Chronic Renal Disease” OR CRD OR “Chronic
Renal Failure” OR CRF OR “Chronic Kidney Insufficiency”) AND
(eGFR OR “estimated Glomerular Filtration Rate” OR “albumin-
creatinine ratio” OR ACR OR albuminuria* OR Microalbuminuria
OR Macroalbuminuria). However, a database-targeted search was
performed, and the output was provided (Supplementary File 1).
The search included peer-reviewed articles from the identified
databases. However, we manually searched for supplementary
articles by rigorously searching the citations of the included ref-
erences and bibliographies. The search did not restrict non-English
language studies to prevent the risk of missing relevant studies.

Table 1
PICO framework.
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2.4. Articles eligibility criteria

The included articles were selected based on the following
criteria.

2.4.1. Inclusion criteria
Studies included were:

1. Studies showing evidence of a DASH diet intervention in pa-
tients with CKD.

. Studies demonstrating the application of the DASH diet in the
management of patients with CKD.

. Studies reporting the effect of DASH on CKD progression
measured by eGFR and/or UACR biomarkers before and after
DASH intervention.

. Studies published between 1997 and 2025.

. Studies conducted globally.

. Studies reporting quantitative outcomes.

. Studies on CKD progression after DASH intervention as an

outcome of interest.

Longitudinal (cohort) studies.

N U

8.

2.4.2. Exclusion criteria
We excluded:

1. Studies showing evidence of the application of non-dietary
interventions in the management of CKD.

. Studies demonstrating evidence of DASH application in the
management of any medical condition other than CKD.

. Studies demonstrating the effect of DASH on CKD incidence in
healthy individuals.

. Studies demonstrating the effect of DASH on the risk of CKD in
healthy individuals.

. Review articles, editorials, conference presentations, and let-
ters to editors.

. Pilot and feasibility studies, and studies with short follow-up
durations.

. Grey literature.

. Qualitative studies.

2.5. Selection of studies

The articles extracted from the literature search were imported
and screened using the Covidence systematic review software
(Veritas Health Innovation, Melbourne, Australia) [70]. The articles
were cleaned to remove duplicates. Two independent reviewers
blindly screened the titles and abstracts based on predefined
eligibility criteria. The selected articles that passed the first
screening were further screened by full text to select articles that
met the eligibility criteria. Disagreements during title and abstract
screening were resolved through discussion. However, a third in-
dependent reviewer was consulted to resolve conflicts emanating
from full text review. The selection process was documented using
a PRISMA flow diagram (Fig. 1), detailing the number of articles

Population People living with CKD globally

Intervention
Comparison
Outcome

Dietary Approaches to Stop Hypertension (DASH)

Other dietary approaches and non-dietary approaches
CKD progression measured by change in estimated Glomerular Filtration Rate (eGFR) and/or Urine Albumin-to-Creatinine Ratio (UACR)
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identified, screened, excluded with reasons, and included in the
final review.

2.6. Data extraction and management

Two independent reviewers extracted data using a designed
data extraction form (Table 2). The data extracted included basic
study information (author, year of publication, and study location
or setting), the study design, study population, sample size,
intervention, follow-up duration, and outcome measurements.
The extracted data were verified for accuracy and completeness by
the researchers. A third researcher resolved any arising discrep-
ancies in the event of a disagreement between the two indepen-
dent reviewers. When necessary, the authors contacted the
authors to obtain clarification, additional information, or data.
Data were marked as missing or unclear if they could not be ob-
tained from the authors.

2.7. Data charting

Table 2 presents the selected studies eligible for the review.
This chart includes the following characteristics and domains:

Identification of studies

Clinical Nutrition ESPEN 69 (2025) 711-721

author and year of publication, title of study, country of study, aim
of the study, study design, study setting, study population, sample
size, DASH diet intervention used, and measured outcomes.

2.8. Data analysis

Data were entered into Microsoft Excel (Office version 2010)
and exported into Stata version 16.0 for data analysis [71]. Quan-
titative data were grouped and entered into a quantitative syn-
thesis and meta-analysis. The test for heterogeneity and mean
difference (effect size) with confidence intervals of individual
studies and pooled effects using random effects maximum likeli-
hood or restricted maximum likelihood (REML) models were run
with accompanying Z-tests. The percentage improvement or
decline in renal function post-intervention, based on the effect size
of the estimated biomarkers, such as eGFR, was calculated. Results
are presented in forest plots with a designated line of no difference
set at 0. The tests for publication bias were performed using funnel
plots and Egger's regression test. Statistical significance was set at
p-value<0.05. However, studies with inadequate data to enable
pooled estimates have been presented and inferences have been
made in the narrative.

Records removed before
screening:

Duplicate records removed
by automation (n=68)
Duplicate records removed
manually (n=3)

Records excluded (n=70)

Reports excluded:
Wrong population (n=11)
Wrong intervention (n=6)

Records identified (n=174)
From:
S | | Scopus (n=42)
§ PubMed (n=32)
& | | EBSCOhost (n=26)
E Web of Science (n=28)
= | | ProQuest (n=45)
Citation/Bibliography
search (n=1)
— '
Records screened by title
and abstract
en | | (n=103)
=
|
: '
@ | | Records screened by
full-text
(n=33)
—/
0 ) \4
B || Studies included in
E review
< s
2| 0
—

» Commentary (n=4)

Wrong outcomes (n=3)
Research letter
correspondence (n=1)
Review (n=1)

Secondary analysis (n=1)
Study protocol (n=1)
Wrong study duration (n=1)

Fig. 1. PRISMA-SRv flow chart of literature search and identification of eligible studies.
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Table 2

Characteristics of the included studies.

Clinical Nutrition ESPEN 69 (2025) 711-721

Author &
Year of
publication

Title of study Country of

study

Aim of study

Study design

Study population
size

Sample DASH diet intervention Outcome

used

Hu et al,,
2021
[74]

Heindel
etal,
2020
[76]

Osté et al.,
2018
[77]

Banerjee
etal,
2019
[75]

Adherence to Healthy USA
Dietary Patterns and

Risk of CKD Progression

and All-Cause

Mortality: Findings

From the CRIC (Chronic
Renal Insufficiency

Cohort) Study

Association between
dietary patterns and
kidney function in
patients with chronic
kidney disease: a cross-
sectional analysis of the
German Chronic Kidney
Disease study

Dietary Approach to
Stop Hypertension
(DASH) diet and risk of
renal function decline
and all-cause mortality
in renal transplant
recipients

Poor accordance toa  USA
DASH dietary pattern is
associated with higher

risk of ESRD among

adults with moderate
chronic kidney disease

and hypertension

Germany

Netherlands

To examine the
associations of four

Prospective
cohort study

high-quality healthy =~ (Median
dietary patterns with  follow-up
CKD progression and  time of 7
all-cause mortality years)

among people living
with CKD.

To investigate whether Prospective
observational
dietary patterns (DASH cohort study

higher observance of

diet, Mediterranean (2 years
Diet, or German food duration of
recommendations) is  follow-up)

associated with kidney
health as assessed by
eGFR and albuminuria
and comorbidity in
CKD patients from the
large multicenter
German Chronic
Kidney Disease (GCKD)
study

To test the hypothesis Observational
prospective
associated with a lower cohort study
(5.3 years
median follow

that the DASH diet is

risk of renal function
decline and all-cause
mortality among renal up)
transplant recipients.

To examine the
association of a DASH
dietary pattern on the
risk of end-stage renal
disease (ESRD) in
adults with moderate
CKD.

Longitudinal
cohort study
(7.8 years
median

follow-up
duration)

Men and women aged 2403
21-74 years with an
estimated average eGFR

of 47 + 17 ml/min/

1.73 m?

Males and females aged 2813
18-74 years with eGFR
30-60 ml/min/1.73m?

(CKD stage G3, A1-3) or
overt proteinuria in

presence of an

eGFR>60 ml/min/

1.73m? (CKD stage G1-

2)

Adult renal transplant 707
recipients (>18 years)

with a functioning graft

for at least one year and

no history of alcohol or

drug addiction

Adults aged 20 years 1110
and above with

moderate CKD (stage 3,
defined as eGFR

between 30 and 59 ml/

min per 1.73 m?)

The DASH score range Baseline eGFR:

(8-40). 45 + 17 ml/min/
Modification: 8 diet 1.73 m?
components Effect of DASH

Total vegetables, Total Low DASH scores
fruit, whole grains, low- or low adherence
fat dairy, sugar eGFR: 45 + 17 ml/
sweetened beverages, min/1.73 m?

nuts & legumes, red/  High DASH scores

processed meat,
Sodium

The overall DASH score
range (0-80) and the
individual diet group

range from 0 to 10.

Modification: 8 food

groups:
Grains, Vegetables,
Fruits, Dairy, Meat/
poultry/fish, Nuts/
seeds/legumes, fats/
oils, and sweets

DASH score range: 8-40
8 recommendations:
high intake of fruits,

vegetables, legumes

and nuts, whole grains,
low-fat dairy products

and low intake of
sodium, red and

processed meats, and

sugar-sweetened
beverages.

DASH diet accordance

score range 0-9

The 9 target nutrients:
total fat, saturated fat,

protein, fiber,
cholesterol, sodium,

calcium, magnesium,

and potassium
Individuals were
assigned

0.5 = intermediate
target and 1 = full

target to determine the

DASH score

or high adherence
eGFR:48 + 17 ml/
min/1.73 m?
Baseline eGFR:
45.6 + 18 ml/min/
1.73 m?

Median UACR
(mg/g) (IQR): 46.5
(291)

Effect of DASH
Low DASH scores
or low adherence
eGFR:

44.6 + 17.1 ml/
min/1.73 m?
Median UACR
(mg/g) (IQR): 55.6
(356.1)

High DASH scores
or high adherence
eGFR:

47.5 + 18.7 ml/
min/1.73 m?
Median UACR
(mg/g) (IQR): 33.6
(270.5)

Baseline eGFR:
52.5 +20.1 ml/
min per 1.73 m?
Effect of DASH
Low DASH scores
or low adherence
eGFR:

52.5 +20.6 ml/
min per 1.73 m?
High DASH scores
or high
adherence) eGFR:
52.2 +19.3 ml/
min per 1.73 m?
Baseline

Mean eGFR:

44.5 4+ 20.5 ml/
min per 1.73 m?
Effect of DASH
Low DASH scores
or low adherence
eGFR:

47.7 + 8.3 ml/min
per 1.73 m?

High DASH scores
or high adherence
eGFR:

53.1 + 6.0 ml/min
per 1.73 m?

715
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2.8.1. Assessment of heterogeneity

Cochran's Q test and the I-squared (I%) statistic were used to
evaluate the heterogeneity of the included studies, with signifi-
cance assumed when the I?> exceeded 50 % or the p-value from
Cochran's Q test was less than 0.1 (p < 0.1).

2.8.2. Assessment of reporting bias

Funnel plots were created and used to evaluate the possibility
of a publication bias. Visual examination of the funnel plots for
asymmetry was performed (Supplementary File 2). Additionally,
Egger's regression test was performed.

2.9. Summary and reporting of results

As presented in Fig. 1, the results from the record identification,
data extraction, and screening are presented following the flow
illustration guidelines of the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA-SRv) [72,73].

3. Results
3.1. Screening overview

We conducted rigorous and reproducible records search in
Scopus (n = 42), PubMed (n = 32), EBSCOhost (n = 26), Web of
Science (n = 28) and ProQuest (n = 45). An additional search was
performed using citation or bibliography (n = 1). A total of 174
studies were screened for eligibility. A total of 103 studies were
retrieved after the removal of duplicates. This was followed by
screening of titles and abstracts, which excluded 70 articles. The
next phase of data extraction and screening involved a full text
screening of the 33 remaining studies. Twenty-nine articles were
excluded based on wrong population (n = 11), wrong intervention
(n = 6), commentary (n = 4), wrong study outcomes (n = 3),
research letter correspondence (n = 1), review articles (n = 1),
secondary analysis (n = 1), study protocol (n = 1) and wrong study
duration (n = 1). Ultimately, 4 studies met the inclusion criteria
and were included in the review. These are presented in Fig. 1.

3.2. Characteristics of the eligible studies

The characteristics of the studies included in this review are
summarized in Table 2. All 4 studies were conducted among
populations in non-African countries. Of the 4 studies included, 2
were conducted in the America [74,75] and 2 in Europe [76,77].
Specifically, 2 studies were conducted in the United States of
America (USA) [74,75],1 in Germany [76] and 1 in the Netherlands
[77]. All included studies were longitudinal (prospective cohort)
studies with average follow-up durations of 5.5 years. The studies
were published between 2018 and 2021, with a combined total
sample size of 7033 participants.

Table 3

Clinical Nutrition ESPEN 69 (2025) 711-721
3.3. Outcomes

3.3.1. Meta-analysis

All four studies were included in the meta-analysis, as shown in
Table 3. These studies were included in a meta-analysis of
continuous data, and the results are presented below.

3.3.2. Effects of DASH on CKD progression

Varying determinants of CKD progression were measured in
this review including estimated Glomerular Filtration Rate (eGFR)
and Urine Albumin-to-Creatinine Ratio (UACR) with cut-off values
of <60 ml/min/1.73 m? and »30 mg/g respectively, depicting a
decline in renal function [68].

3.3.2.1. eGFR. All four studies estimated the eGFR of patients living
with CKD before and after the DASH diet intervention (Tables 2 and
3), using the Modification of Diet in Renal Disease (MDRD) equa-
tion for adults [78] and the 2009 serum creatinine-based Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) equation
[79]. The eGFR effect size were observed under two DASH diet
adherence levels, defined by their DASH scores. DASH adherences
are estimated by calculating the accumulated DASH scores of the
study participants. In this review, the typical overall DASH score
ranged from O to 80 with individual scores ranging from to 0-10
dependent on the DASH diet combinations used. Study partici-
pants are then classified into adherence groups by dividing the
DASH scores into categories, often using tertiles or quartiles [74].
Typically, individuals with scores in the highest tertile or quartile
are categorized as having high adherence to the DASH diet,
whereas those in the lowest tertile or quartile are considered to
have low adherence. In this review, individual studies had their
adherence levels based on DASH scores. For example, one study
using the typical 0-80 total DASH score had 0-40 (low DASH
adherence) and 41-80 (high DASH adherence) [76], one study us-
ing the 0-9 overall DASH score had 0-4 (low DASH adherence) and
5-9 (high DASH adherence) [75] and two using the 8-40 total
DASH score range had 8-24 (low DASH adherence) and 25-40 (high
DASH adherence) [74,77].

Stratified by DASH adherence, low adherence was associated
with a mean eGFR difference of 0.54 ml/min/1.73 m? (95 %
Cl: —1.30 to 2.38), corresponding to a 1.2 % improvement in renal
function. However, the meta-analysis indicated no statistically
significant difference between the baseline and post-DASH inter-
vention eGFR (Z = 0.57, p = 0.57) (Fig. 2). In contrast, high DASH
adherence was associated with a mean eGFR difference of 3.34 ml/
min/1.73 m? (95 % Cl: —0.35 to 7.02), reflecting a 6.8 % improve-
ment in renal function. Although the meta-analysis suggested a
tendency towards a difference between the baseline and post-
DASH intervention eGFR, the result was not statistically signifi-
cant (Z = 1.77, p = 0.08) (Fig. 2).

3.3.2.2. UACR. Only one study reported evidence of CKD progres-
sion using UACR biomarker [76], making it inappropriate to pool

Summary of baseline and post-DASH intervention eGFR outcomes pooled for meta-analysis.

Study Baseline

Mean eGFR+SD (ml/min/1.73 m?)

Post-DASH intervention

Mean eGFR+SD (ml/min/1.73 m?)

Low DASH adherence or score High DASH adherence or score

Hu et al,, 2021 [74] 45 + 17.00
Heindel et al., 2020 [76] 45.6 + 18.00
Osté et al., 2018 [77] 52.5 + 20.10
Banerjee et al., 2019 [75] 44.5 + 20.50

45 +17.00 48 +17.00
446 +17.10 47.5 +£ 18.70
52.5 + 20.60 52.2 +19.30
47.7 + 8.30 53.1 £ 6.00
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Low DASH adherence or score
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Post-DASH eGFR  Baseline eGFR Mean difference  Weight
Study N Mean SD Mean SD with 95% ClI (%)
Huetal., 2021 2,403 45 17 45 17 0.00[ -0.96, 0.96] 26.82
Heindel et al., 2020 2813 4486 171 456 18 —l— -1.00[ -1.92, -0.08] 27.00
Osté et al., 2018 707 525 206 525 201 0.00[ -2.12, 2.12] 20.90
Banerjee etal, 2019 1,110 477 83 445 205 —— 320[ 1.90, 450] 2528
Overall ——— 0.54[ -1.30, 2.39]
Heterogeneity: 7" =3.05, 1" =89.19%,H =9.25
Testof 8, =6, Q(3)=27.19,p=0.00
Testof6=0:2=0.57, p=0.57

2 0 2 4

Random-effects REML model

High DASH adherence or score

Renal function decline

Improved renal function (Favours DASH intervention)

Post-DASH eGFR Baseline eGFR Mean difference Weight
Study N Mean SD Mean SD with 95% ClI (%)
Hu et al., 2021 2,403 43 17 45 17 - 300[ 204, 3.96] 2545
Heindel et al., 2020 2813 475 187 456 18 - 1.90[ 0.94, 2.86] 2545
Osté et al., 2018 707 522 193 525 20.1 —a— -0.30[ -2.35, 1.75] 23.97
Banerjee etal, 2019 1,110 531 6 445 205 —— 860[ 7.34 986] 2514
Overall 3.34[ -0.35, 7.02]
Heterogeneity: 7" = 13.65, I’ = 97.37%, H" = 37.98
Testof 6, =6, Q(3) = 88.15, p=0.00
Testof 6=0:2=177,p=0.08

-5 0 5 10

Random-effects REML model

Renal function decline

Improved renal function (Favours DASH intervention)

Fig. 2. The effect of DASH on renal function measured by eGFR.

outcomes in the meta-analysis. Furthermore, the outcome was
reported using the median and interquartile range (IQR), which
complicated the calculation of effect size using the mean differ-
ence. Consequently, while pooling of evidence was not possible
due to the limited number of studies examining the effect of DASH
on UACR, an important biomarker for CKD progression, the qual-
itative examination of the available outcomes provides valuable
insights for this evidence synthesis. Specifically, the use of UACR in
one study highlights the need for further research to establish
standardized methods for assessing renal function changes across
different populations. According to Heindel et al. [76], at baseline,
the median UACR (mg/g) was recorded as 46.5 (IQR: 291).
Following the DASH diet intervention, the median UACR (mg/g)
was 55.6 (IQR: 356.1) for low DASH adherence and 33.6 (IQR:
270.5) for high DASH adherence.

3.3.3. Quality of evidence, heterogeneity, and risk of bias

The methodological quality of the included studies was
appraised using the ]BI critical appraisal tool for cohort studies
[80]. All the included studies met 8 out of 11 criteria (Supple-
mentary File 3). Overall, this level of adherence reflects high
methodological quality. However, in line with the JBI checklist,
some perceived discrepancies were noted, although they were not
actual discrepancies. For example, all the studies included partic-
ipants who already had the outcome of interest (CKD) but focused
on measuring the progression of the outcome through a mitigation
intervention, namely the DASH diet. From a research perspective,
this is not considered a bias, but rather a well-designed study
approach that diverges from the typical practice of recruiting
participants without the outcome of interest in prospective cohort
studies. However, the included studies did not assign participants
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to exposed and unexposed groups. Additionally, visual inspection
of the funnel plots revealed some dispersion of studies around the
pooled effect size, particularly in the eGFR mean difference for the
low DASH adherence intervention group, suggesting publication
bias (Supplementary File 2). However, the observed asymmetry is
due to the heterogeneity among the limited available studies
included in the analysis thus, I? of 89.19 % and 97.37 % in low and
high DASH adherence respectively. This is supported by Egger's
regression test, which found no evidence of publication bias for
the eGFR mean difference in either the low DASH adherence group
(p = 0.598) or the high DASH adherence group (p = 0.986).

4. Discussion

This review synthesizes evidence on the use of DASH in man-
aging patients living with CKD and examines its effect on CKD
progression, as measured by the eGFR and UACR biomarkers. The
DASH diet is among a cluster of dietary recommendations that
have been proven to optimize the slowing of the progression of
CKD [53]. However, in this review, there is no evidence of DASH
diet application in managing CKD patients in Africa as studies were
centralized in Europe and America.

This review generally found evidence of a notable reduction in
mean eGFR associated with the DASH diet [74-77]. Specifically,
individuals with high adherence to the DASH diet exhibited a
larger effect size (3.34 ml/min/1.73 m? vs. 0.54 ml/min/1.73 m?)
and a greater percentage improvement in renal function (6.8 % vs.
1.2 %) compared to those with low adherence. However, although
these findings were not statistically significant, clinical inferences
can be made supporting several similar prospective cohort studies
and reviews that provide evidence of the impact of DASH
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intervention on the CKD progression in patients with CKD and the
incidence of CKD and ESRD in healthy individuals. For example,
evidence suggests that in patients with CKD, adherence to the
DASH diet significantly slows the progression to ESRD and is
associated with improved prognosis [63]. Again, renal transplant
recipients have been proven to benefit mostly from DASH diet
intervention. Evidence shows that the DASH diet lowers the risk of
both renal function decline and all-cause mortality hence pro-
ducing positive long-term outcomes in renal transplant recipients
[81]. Evidently, DASH diet plays a crucial role in CKD self-
management. The DASH diet promotes healthy eating habits that
aid in weight management and reduce the risk of obesity, which
can worsen CKD [82]. Additionally, it helps balance electrolytes
and reduces the risk of metabolic complications, such as hyper-
kalemia, which is common among patients with CKD [83]. By
preventing fluid retention, lowering blood pressure, and reducing
the workload on the kidneys, the DASH diet contributes to slowing
CKD progression [35-39]. A review study found that in healthy
individuals, a predominantly DASH dietary pattern was associated
with a 30 % lower incidence of CKD and a 30 % reduced risk of renal
function decline, as measured by eGFR [62]. Similarly, a review
study showed a 21 % reduced risk of CKD among healthy in-
dividuals on DASH diet [63].

Only one study reported UACR [76], and the use of median and
IQR data limited its inclusion in the meta-analysis. This highlights
a critical gap in the literature and underscores the need for stan-
dardized reporting of UACR using means and standard deviations
or providing sufficient data for conversion. Consistent and trans-
parent reporting of UACR across studies is essential to enable
meaningful synthesis, facilitate comparison, and strengthen evi-
dence on the renal effects of interventions, such as the DASH diet.
However, the evidence from the UACR biomarker showed an
increased UACR among patients with CKD with low adherence to
the DASH diet, while UACR decreased significantly in those with
high adherence (46.5 mg/g at baseline, 55.6 vs. 33.6 for low and
high adherence, respectively). These findings suggest that high
adherence to the DASH diet may reduce the UACR, potentially
benefiting CKD progression, whereas low adherence may be
associated with worsening kidney function. This finding highlights
the importance of adherence to a DASH diet for optimal renal
health outcomes. Although UACR is recognized as an effective
biomarker for assessing CKD progression [68], there are few, if any,
studies that have used this marker to examine the effect of dietary
patterns on CKD progression. A study by Bach et al. is one of the
closest to utilizing this marker; however, their research focused
solely on the albumin component, finding that a dietary pattern
predominantly based on DASH reduced the risk of albuminuria by
23 % [62]. This highlights the underutilization of effective bio-
markers in assessing CKD progression.

This review highlights the successful application of the DASH
diet in the management of CKD. While there is substantial evi-
dence supporting its effectiveness in reducing the risk of CKD
incidence, there is limited evidence to fully confirm its ability to
halt or reverse disease progression among people with CKD to
prevent ESRD. Overall, adherence to the DASH diet may lead to
better long-term outcomes by slowing disease progression and
improving quality of life, enabling CKD patients to actively pre-
serve kidney function and enhance their overall health. However,
the effectiveness of diet effectiveness is more easily achievable in
systems where adherence to dietary patterns is encouraged and
tracked for compliance and effective monitoring of patient con-
ditions. Notably, there is no evidence of the DASH diet being
applied in managing CKD patients in Africa, likely due to the high
costs associated with randomized-controlled trials and the long
follow-up periods required to observe the intended effects of the
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intervention. Additionally, adherence to the DASH diet in resource-
limited settings, particularly in Africa, may be hindered by mul-
tiple factors, further exacerbated by the high economic burden
that CKD places on patients and their families [84]. The cost of
fresh fruits, vegetables, low fat dairy, and lean proteins, which are
key components of the DASH diet, can be high for many house-
holds, making long-term adherence difficult [85]. In addition, the
limited availability and accessibility of these foods in local mar-
kets, especially in rural or underserved areas, further restricts di-
etary choices. Cultural dietary preferences, lack of awareness
about the DASH diet, and inadequate nutrition education among
patients and healthcare providers may also hinder its effective
implementation [86,87]. Addressing these barriers requires
context-specific strategies, such as culturally adapted dietary
guidelines, subsidies for healthy foods, and integration of nutrition
counseling into primary healthcare services.

5. Implications for practice

The management of people living with CKD is gradually
evolving from the use of tertiary prevention to monitoring and
preventing complications that may lead to ESRD. This tertiary
prevention includes tracking and enforcing modifiable patient
behaviors through self-management interventions [55,88]. This
review suggests the effectiveness of adherence to dietary patterns
in CKD management. However, strict and early adherence to the
daily servings of DASH diet components, which include the
nutrient-based and food-based DASH compositions, has the po-
tential to reduce the progression of CKD to ESRD. Although the
observed effect size, as measured by improvements in eGFR with
DASH diet adherence, were not statistically significant, they may
reflect a meaningful relationship with potential clinical relevance.
This highlights the importance of considering practical signifi-
cance alongside statistical findings when interpreting clinical data.
The findings in this review may be highly applicable and recom-
mended in clinical practice for all classes of healthcare providers
especially, managers of CKD patients, and in dialysis centers
including nurses, physicians, nutritionists, and dietetics. However,
this requires further context-specific evidence, particularly in Af-
rica as the evidence available in this review are restricted to
America and Europe.

6. Implications for research

The systematic review established that there is limited pub-
lished research on the DASH diet and its derivatives in the man-
agement of patients with CKD. There was limited published
evidence of the effect of the DASH diet and its derivatives on
people living with CKD. The few pieces of evidence available were
established in high-income and resourceful settings. Currently,
there is no record of primary studies on the application of the
DASH diet and its modifications in African populations and by
African researchers. The region is known for challenges in con-
ducting randomized-controlled trials including poor financial
resourcing [89]. This is evident in less than 10 % of general trials
conducted in Africa despite the 20-30 % of trials conducted in low-
and middle-income countries globally [90].

7. Strengths and limitations

A rigorous and comprehensive literature search in relevant
electronic databases was conducted. We thoroughly conducted a
citation search in the reference lists of relevant and eligible studies
to enlarge the scope of the search and to ensure that no eligible
study is missing from the review. The literature search protocol
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was carefully drafted to ensure a strategic and effective search. We
carefully defined the inclusion and exclusion criteria and set
search boundaries spanning from the inception of DASH in-
terventions to the present (1997-2025). No language restrictions
were applied. We employed many keywords and used MeSH
terms, a language that is easily understood by electronic databases.
The included studies were subjected to a quality appraisal. The
screening was blindly done by two independent screeners. A final
screening was conducted by a third reviewer to resolve discrep-
ancies in the included articles. This review could therefore be used
to design future interventions for patients with CKD, particularly
in resource-limited settings. However, our study met some limi-
tations. All the studies included in this review assessed DASH
compliance or accordance using self-reported dietary intake or
food frequency questionnaire. The reliance on self-reported di-
etary adherence introduces recall and social desirability bias,
which may compromise the validity of the findings by over-
estimating or underestimating true adherence levels. To enhance
accuracy in future studies, objective measures such as dietary
biomarkers (e.g., urinary sodium, potassium, or specific nutrient
metabolites) should be incorporated to validate self-reported data
and provide more reliable assessments of DASH diet adherence.
The results do not permit the establishment of temporal re-
lationships due to the one-time assessment of diet and possible
recall bias. Additionally, funnel plot asymmetry observed in this
review (Supplementary File 2) suggests potential publication bias,
specifically in the eGFR mean difference for the low DASH adher-
ence intervention group which may have led to an overestimation
or underestimation of the true effect size. This limits the gener-
alizability of the findings. The observed heterogeneity among the
included studies may be attributed to the limited number of
available studies on this important topic. While subgroup or meta-
regression analysis could have helped explore potential sources of
variability, the small number of studies limited our ability to
conduct such analysis. Finally, only one study reported on UACR,
and the use of median and IQR limited its inclusion in the meta-
analysis. This lack of standardized UACR reporting across studies
hindered quantitative synthesis and highlights the need for
consistent reporting formats in future research.

8. Conclusion

This review summarized the applicability of the DASH diet and
its effect on CKD progression, as measured by eGFR and UACR, in
the management of individuals living with CKD. Evidence suggests
a reduction in eGFR and UACR following DASH intervention,
highlighting the potential benefits of the diet. However, adherence
to the diet is critical for achieving a synergistic effect on these
biomarkers. Consistent adherence enhances the effectiveness of
the DASH diet in slowing disease progression and improving renal
outcomes, highlighting the importance of patient compliance in
maximizing the therapeutic potential of dietary interventions.
This aligns with Sustainable Development Goal 3 (Good Health
and Well-being), particularly in promoting health through the
management and prevention of chronic NCDs like CKD.

9. Recommendations

None of the eligible studies were conducted in Africa, high-
lighting the need for primary research in this region to evaluate
the applicability, effectiveness, and feasibility of the DASH diet in
managing CKD. This recommendation is especially relevant given
the high CKD prevalence in Africa and sub-Saharan Africa, esti-
mated at 15.8 % (95 % CI: 12.1-19.9) [9] and 13.9 % (95 % CI:
12.2-15.7) [10] respectively. We, therefore, recommend enough
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primary studies in Africa using African populations. In addition,
more attention should be paid to resource-limited settings to
monitor the possible adherence to the DASH diet in these settings
due to the skewed energy-giving food staples and delicacies
available in abundance. We also recommend primary studies that
will investigate the barriers and enablers of the application of the
DASH diet in varying settings and populations including dialysis
centers, self-care homes, and the general population, and develop
solutions to address these challenges. Finally, there is a need for
refresher training for healthcare providers and caregivers who
manage patients with CKD to be abreast with this effective means
of retrogressing CKD to reduce the burden of ESRD.
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