
Clinical Kidney Journal, 2023, vol. 16, no. 11, 2271–2288

https:/doi.org/10.1093/ckj/sfad130
Advance Access Publication Date: 27 May 2023
Original Article

OR IG INAL ARTICLE

Effects of oral nutritional supplements on the
nutritional status and inflammatory markers in
patients on maintenance dialysis: a systematic review
and meta-analysis of randomized clinical trials
Peng Ju Liu, Jiayu Guo, Yu Zhang, Fang Wang and Kang Yu

Department of Clinical Nutrition, Department of Health Medicine, Peking Union Medical College Hospital,
Chinese Academy of Medical Science and Peking Union Medical College, Beijing, PR China

Correspondence to: Kang Yu; E-mail: yuk1997@sina.com

ABSTRACT

Background and aims. Patients on hemodialysis (HD) or peritoneal dialysis (PD) often have insufficient energy and
protein intake, resulting in poor nutritional status and adverse outcomes. Oral nutritional supplements (ONSs) are the
most commonly used to increase such patients’ energy and protein intakes.
Methods. In this systematic review and meta-analysis, we analyzed studies on nutritional status, inflammatory markers,
and electrolyte levels in patients on dialysis receiving ONSs. We searched four electronic databases from inception until
31 December 2022, for randomized controlled trials comparing ONS treatment versus placebo or routine care.
Results. 22 studies with 1185 patients on dialysis were included in our meta-analysis. Compared with the control group,
the ONS group exhibited significantly increased serum albumin levels [1.26 g/l (95%CI, 0.50–2.02, P < 0.0001; I2 = 80.4%)],
body mass indexes (BMIs) [0.30 kg/m2 (95%CI, 0.09–0.52, P = 0.005; I2 = 41.4%)], and handgrip strength (HGS) [0.96 kg
(95%CI, 0.07–1.84, P = 0.034; I2 = 41.4%)] from baseline to the end of intervention. No significant differences were
observed between the groups in lean body mass, phase angle, C-reactive protein, and serum phosphorus and potassium
levels. In terms of improving albumin, the subgroup analyses show that ONS use seems to be more inclined to three
variations: HD patients, short-term use, and non-intradialytic supplementation.
Conclusion. In conclusion, ONS use can improve the nutritional status of patients on dialysis in terms of their serum
albumin, BMI, and HGS without significant effects on serum phosphorus, potassium, and C-reactive protein levels.
However, it remains uncertain whether these results translate to improvement in clinically relevant outcomes.
Large-scale high-quality studies are still required in this population.

LAY SUMMARY

Patients on hemodialysis (HD) or peritoneal dialysis (PD) often have insufficient energy and protein intake, resulting
in poor nutritional status and adverse outcomes. Oral nutritional supplements (ONSs) are the most commonly used
to increase such patients’ energy and protein intakes. In this systematic review and meta-analysis, we analyzed
studies on nutritional status, inflammatory markers, and electrolyte levels in patients on dialysis receiving ONSs. We
searched four electronic databases from inception until 31 December 2022, for randomized controlled trials
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comparing ONS treatment versus placebo or routine care. We included 22 studies with 1185 patients on dialysis in
our meta-analysis. Compared with the control group, the ONS group exhibited significantly increased serum albumin
levels, body mass indexes (BMIs), and handgrip strength (HGS) from baseline to the end of intervention. No significant
differences were observed between the groups in lean body mass, phase angle, C-reactive protein, and serum
phosphorus and potassium levels. In conclusion, ONS use can improve the nutritional status of patients on dialysis in
terms of their serum albumin, BMI, and HGS without significant effects on serum phosphorus, potassium, and
C-reactive protein levels. However, the quality of the evidence remains low, and large-scale high-quality studies are
required to verify our findings.

Keywords: albumin, chronic kidney disease, hemodialysis, nutritional status, oral nutritional supplements, peritoneal
dialysis

INTRODUCTION

Hemodialysis (HD) and peritoneal dialysis (PD) are the two
common forms of dialysis therapy for end-stage renal dis-
ease. Metabolic waste that is typically produced by food
intake can be depurated by dialysis. Patients with chronic kid-
ney disease (CKD) undergoing HD or PD are often prescribed di-
etary restrictions—in particular, restrictions involving foods rich
in sodium, potassium, and phosphorus. In addition, the intake
of energy and/or protein in dialysis patients is often reduced
due to gastrointestinal symptoms such as nausea or anorexia.
Thus, patients on dialysis commonly develop malnutrition and
protein-energy wasting (PEW) [1–3]. PEW, a state of multiple
metabolic and nutritional abnormalities resulting from a com-
bination of insufficient intake, metabolic acidosis, uremic tox-
ins, inflammation, and hypercatabolism [4] also causes poor
quality of life and increases the risk of adverse outcomes [5].
Given the influence of such energy wasting on patients with
CKD or those undergoing dialysis, the International Society of
Renal Nutrition and Metabolism introduced the term PEW in
2008 to describe the state of decreased body stores of protein and
energy.

The latest Kidney Disease Outcomes Quality Initiative
(KDOQI) guidelines (2020) state that adequate protein and en-
ergy intake in the regular diet is critical for patients on HD
and PD [6]. However, the energy and protein intake from reg-
ular meals is generally lower than that of the recommended
amount for these patients [7–9]. This low intake is a critical
factor in the etiology of PEW in patients with CKD, especially
those undergoing maintenance dialysis therapy (MDT) [7, 8].
Consequently, considerable research effort has been directed
toward developing effective strategies for maintaining or im-
proving the nutritional status of patients on dialysis, with the
most common approach being providing food and nutritional
supplements [10].

Several observational studies have indicated that consum-
ing oral nutritional supplements (ONSs) or extra snacks im-
proves nutritional status in terms of albumin or anthropometric
measures in patients on dialysis [11–14]. Moreover, some stud-
ies have reported that ONS use is associated with improved
outcomes in patients on HD [15–18]. In dialysis patients where
oral dietary intake from regular meals cannot maintain ade-
quate nutritional status, nutritional supplementation, adminis-
tered orally, enterally, or parenterally, is shown to be effective in
replenishing protein and energy stores [19]. In clinical practice,
the ONS use is the preferred pathway. However, many problems
related to this practice, such as postprandial hypotension, gas-
trointestinal symptoms, and reduced treatment efficiency, have

led to the favorability of its implementation being debated and
to inconsistencies in the policies related to in-center nutrition
within dialysis clinics [20, 21]. Therefore, randomized controlled
trials (RCTs) are required to clarify the risk–benefit profile of ONS
use in patients on dialysis and to determine whether ONS use
can improve the prognosis of these patients by improving their
nutritional status.

No consensus exists on the type, time of initiation, or du-
ration of use of enteral nutrition or nutritional supplementa-
tion for patients on MDT. Although our previous meta-analysis
of this topic [22] included many RCTs [23–38], most had a small
sample size and were of low quality.Moreover, considerable het-
erogeneity was noted among these studies. These factors led to
a very low level of evidence for ONS use improving the nutri-
tional status of patients on dialysis [22]. Similarly, a recentmeta-
analysis concluded that protein-based ONS use can effectively
improve the nutritional status in terms of serum albumin in pa-
tients with CKD requiring dialysis, albeit with high heterogene-
ity among the included studies [39]. Six relevant RCTs have been
published [40–45] since our previous meta-analysis [22], and one
had a large sample size (N = 240) [42]. Therefore, we conducted
an updated systematic review andmeta-analysis of RCTs to fur-
ther quantitatively evaluate the effect of ONS use versus routine
or placebo care on patients on dialysis.

MATERIALS AND METHODS

Search strategy

The present meta-analysis was conducted and reported on the
basis of the PRISMA guidelines [46]. We searched the PubMed,
Embase, ClinicalTrials.gov, and Cochrane Library databases
for eligible studies from inception to 31 December 2022 (all
databases were retrieved using ‘age >18 years’ as a filter). Stud-
ies investigating the association between ONS use and the nu-
tritional status, with the studies’ data including those on serum
albumin levels, body mass index (BMI), lean body mass, hand-
grip strength (HGS), electrolyte levels, and inflammation levels,
of adult patients on dialysis were retrieved using the following
search terms: dialysis, hemodialysis, haemodialysis, hemofil-
trition, peritoneal dialysis, renal replacement therapy, chronic
renal failure, end-stage renal disease, chronic kidney disease,
CKD, nutrition supplement*, nutritional support, oral nutritional
supplement, ONS, oral supplement*, nutrient*, macronutrients,
calorie supplement*, energy supplement*, protein supplement*,
and amino acid supplement*. The complete search strategy is
presented in Supplementary Table S1. In addition, we manually
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Table 1: Summary of inclusion and exclusion criteria applied during evaluation of studies for review.

Selection criteria Inclusion criteria Exclusion criteria

Population Adults studies (age ≥18 years) Animal data
Nutrition status (either well nourished or malnourished)
Patients on dialysis (of any type)

Dialysis patients with HIV infection or acute
infection

Intervention

Comparison

All studies using oral nutritional supplements with any
macronutrient (carbohydrate, fat, or protein/amino acid)
Setting in hospital or community (outpatient or home)
Placebo, routine care, or no supplementation

Feeds only given non-caloric nutrients or
Beta-hydroxy beta-methylbutyrate (HMB) or
concomitantly given keto acid or keto analogs
Without control group

Outcome measures

Study type

Serum albumin level; BMIs; fat-free mass or lean body mass;
handgrip strength; phase angle; Electrolytes (serum
potassium and phosphate); C-reactive protein
Randomized controlled trials

Studies without any predetermined outcome
measure

Non-randomized studies

searched the reference lists of the retrieved articles for other
potentially relevant studies.

Inclusion and exclusion criteria

We selected RCTs in which patients on dialysis (HD or PD)
were administered ONSs as the intervention. The other inclu-
sion criteria were as follows: (i) included a comparison of the
effects of oral non-protein (carbohydrates or fat/lipids) or pro-
tein/amino acid or energy-basedmixed nutritional supplements
with or withoutmicronutrients with those of standard care with
or without placebo care; (ii) reported at least one of the fol-
lowing: BMI, lean body mass (measured using dual-energy X-
ray absorptiometry or bioelectrical impedance), HGS, phase an-
gle, serum albumin levels, phosphorus level, potassium level,
and C-reactive protein (CRP) level; (iii) used a commercial or a
noncommercial ONS that provided calories; and (iv) included

only patients older than 18 years. The details are presented in
Table 1.

We excluded RCTs that did not report mean [standard de-
viation (SD)] changes in BMI, lean body mass, HGS, phase an-
gle, serum albumin levels, phosphorus levels, potassium levels,
and CRP for the intervention and control groups. In addition,
abstracts without full articles, reviews, and case reports were
excluded.

Data extraction

Two independent reviewers (L.P.J. and G.J.Y.) extracted data from
the full texts of the eligible studies.Disagreementswere resolved
through discussion with a third reviewer (Y.K.). The following
data were extracted: the name of the first author, publication
year, sample size of each comparison group, duration of inter-
ventions, study population, intervention modality in case and
control groups, and participant characteristics (BMI, lean body
mass, HGS, phase angle, serum albumin levels, phosphorus lev-
els, potassium levels, and CRP before and after the intervention).

If the trial was a crossover study, the outcomes at the end of the
first phase (before the crossover) were analyzed.

Data synthesis and statistical analysis

The changes in each outcome were reported as differences be-
tween mean values before and after the intervention. If the
means and SDs of the changes from baseline were specified in
the papers, they were directly used. If not, the mean changes
in the observed parameters were calculated by subtracting the
baseline values from the values after the intervention, and the
SD of the difference was calculated as follows [47]:

SD =
√
SD1 ∗ SD1 + SD2 ∗ SD2 − 2R ∗ SD1 ∗ SD2 (R = 0.5)

If a two-arm design was used to implement interventions of the
same nature, the two arms were merged using the following
method [22]:

Nmerged = N1 + N2; Meanmerged = Mean1 ∗ N1 + Mean2 ∗ N2
N1 + N2

SDmerged =
√

(N1 − 1) ∗ SD1 ∗ SD1 + (N2 − 1) ∗ SD2 ∗ SD2 + N1∗N2
N1+N2 (Mean1 − Mean2) ∗ (Mean1 − Mean2)

N1 + N2 − 1

Meta-analysis was performed using STATA v.12.0 (Stata, Col-
lege Station, TX, USA) and Review Manager v.5.3 (Cochrane
Collaboration). The effects of the intervention are presented as
mean differences (MDs) or standardized MDs, when appropri-
ate. The heterogeneity between studies was evaluated using the
I2 index. If I2 > 0%, a random-effects model was used, and sub-
group analysis was further required to identify the source of the
heterogeneity. If not, the fixed-effects model was applied. Statis-
tical significance was defined as two-tailed P < 0.05. Publication
bias was assessed using funnel plots and the Egger test.

RESULTS

Study characteristics

Figure 1 illustrates the flowchart of the study selection. The ini-
tial search yielded 15 338 entries. After removing duplicate en-
tries and excluding irrelevant studies through title and abstract
review,we retrieved the full texts of 66 studies for evaluation. Fi-
nally, 22 studies were included in the meta-analysis [23–38, 40–
45]. The characteristics of the included studies are summarized
in Table 2.
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Figure 1: Flowchart of study selection.

Quality assessment and risk of bias findings

A quality assessment of the included studies was performed
with reference to the Cochrane Handbook for Systematic Reviews of
Interventions (Fig. 2A and B). The risk of bias assessment involved
the following domains: random sequence generation, allocation
concealment, blinding of participants, personnel and outcome
assessors, blinding of the outcome assessment, incomplete out-
come data, selective outcome reporting, and other bias.

Overall effects of ONS use on serum albumin levels

The overall effects of ONS use on serum albumin levels are pre-
sented in Fig. 3. Nineteen trials reported changes in serum albu-
min levels before and after the intervention. Serum albumin lev-
els significantly increased by 1.26 g/l (95% CI: 0.50–2.02, P= 0.001)
in the ONS groups compared with the control groups. A signifi-
cant degree of heterogeneity was observed (I2 = 80.4%, P< 0.001).
Subsequently, a subgroup analysis was performed.

Subgroup analysis of ONS use on serum albumin levels

Subgroup analyses were conducted on suspected variables, in-
cluding the type of dialysis, intervention duration, supplemen-
tation timing, nutritional status, and type of ONS.The results are
presented in Table 3.

On the basis of the type of dialysis, the patients were divided
into an HD group [23–25, 31–33, 36–38, 40–44] and a PD group [26,
29, 34, 35, 37]. The results revealed that ONS use significantly
increased the serum albumin levels in patients on HD (1.51 g/l,
95% CI: 0.65–2.37, I2 = 84.6%, P = 0.001) but not in patients
on PD.

On the basis of their intervention durations, the included
studies were divided into a long-term intervention group
(≥6 months) [23, 29, 30, 34–36, 40, 43, 44] and a short-term in-
tervention group (<6 months) [24–26, 31–33, 37, 38, 41, 42]. This
subgroup analysis indicated that short-term ONS use increased
serum albumin levels (2.32 g/l, 95% CI: 1.38–3.27, I2 = 73.4%,
P < 0.001) but long-term ONS use did not.

When the included studieswere divided into intradialytic [23,
24, 31, 33, 40] and non-intradialytic [25, 26, 29, 30, 32, 34–38, 41–44]
ONS groups on the basis of their supplementation timing,we ob-
served that ONS significantly increased serum albumin levels in
the non-intradialytic group (1.21 g/l, 95% CI: 0.21–2.21, I2 = 78.4%,
P < 0.018) but not in the intradialytic group.

Other subgroup analyses indicated that ONS improved
serum albumin levels in patients on dialysis with malnour-
ished [24, 29, 31, 32, 35, 38, 41, 43] or unspecified malnourished
status [23, 25, 26, 30, 33, 34, 36, 37, 40, 42, 44] and in those
who were given protein/amino acid [23, 25, 26, 29–31, 33, 35,
37, 40, 44] or non-protein or mixed ONSs [24, 32, 34, 36, 38,
41–43].
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(a)

(b)

Figure 2: (a) Risk of bias in seven domains for all included studies. (b) Risk of bias assessment across seven domains for each included study.
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Figure 3: Forest plots depicting the overall effect of ONS use on serum albumin levels.

Table 3: Results of subgroup analyses of the effects of ONS use on serum albumin levels.

Serum albumin (g/l)

Subgroup Effect size 95% CI I2 P value

Type of dialysis Hemodialysis (n = 14) 1.51 0.65, 2.37 84.6% 0.001
PD (n = 5) 0.21 −1.58, 2.01 39.4% 0.815

Intervention duration <6 months (n = 10) 2.32 1.38, 3.27 73.4% <0.0001
≥6 months (n = 9) −0.03 −0.82, 0.76 42.9% 0.939

Supplementation timing Intradialytic (n = 5) 1.38 −0.03, 2.79 79.8% 0.055
Not intradialytic (n = 14) 1.21 0.21, 2.21 78.4% 0.018

Nutritional status malnourished (n = 8) 1.63 0.39, 2.88 73.5% 0.01
Malnourishment not specified (n = 11) 1.01 0.05, 1.96 78.2% 0.039

Type of ONS Protein/amino acid (n = 11) 1.24 0.02, 2.45 83.1% 0.046
Non-protein or mixed (n = 8) 1.26 0.25, 2.27 70.2% 0.014

ONS, oral nutritional supplements; CI, confidence interval.

Effects of ONS use on BMI and lean body mass

The effects of ONS use on the BMIs and lean body masses of pa-
tients on dialysis are presented in Fig. 4A and B. Of the included
studies, 14 and 7 trials reported results related to or changes in
BMI and lean bodymass, respectively.When statistically pooled,
the changes in BMI and lean bodymass were 0.30 kg/m2 (95% CI:
0.09 to 0.52, I2 = 41.4%, P = 0.005), and 0.11 kg (95% CI: −1.20
to 1.43, I2 = 51%, P = 0.868), respectively, indicating that ONS

use significantly increased the BMI but not lean body mass of
patients on MDT.

Effects of ONS use on handgrip strength
and phase angle

Five studies reported changes in HGS, and three studies de-
scribed changes in phase angle, respectively. The pooled data
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Figure 4: (a) Forest plots depicting the effect of ONS use on BMIs. (b) Forest plots depicting the effect of ONS use on lean body mass.
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Figure 5: (a) Forest plots depicting the effect of ONS use on handgrip strength. (b) Forest plots depicting the effect of ONS use on the phase angle.

indicated that ONS use changed HGS by 0.96 kg (95% CI: 0.07 to
1.84, P = 0.034, I2 = 0%, P = 0.973; Fig. 5A) and the phase angle by
0.15° (95% CI: −0.12 to 0.43, I2 = 49.4%, P = 0.274; Fig. 5B).

Effects of ONS on electrolyte levels

Ten studies reported the effects of ONS use on serum phos-
phorus, and seven studies showed changes in potassium lev-
els, respectively. Analyses of the pooled data revealed that ONS
use did not significantly influence the serum phosphorus levels
(−0.20 mg/dl, 95% CI: −0.58 to 0.18, P = 0.306, I2 = 69.9%; Fig. 6A)
or serum potassium levels (0.03 mmol/l, 95% CI: −0.08 to 0.15,
I2 = 0%, P = 0.56; Fig. 6B) of patients on dialysis.

Effects of ONS use on CRP levels

Data on the effects of ONS use on CRP levels were available only
in three studies, and quantitative analysis indicated that ONS
use did not significantly influence the CRP levels (−0.16 mg/l,
95% CI: −0.40 to 0.08, I2 = 49.4%, P = 0.191) of patients on dialysis
(Fig. 7).

Sensitivity analysis

Considerable heterogeneity was observed in the effects of ONS
use on albumin levels, which was one of the main observation
parameters, despite subgroup analyses being conducted on po-
tential variables. Although we sequentially omitted individual
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Figure 6: (a) Forest plots depicting the effect of ONS use on serum phosphorus levels. (b) Forest plots depicting the effect of ONS use on serum potassium levels.
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Figure 7: Forest plots depicting the effect of ONS use on C-reactive protein levels.

trials during sensitivity analysis, no single trial was determined
to influence the albumin level outcomes (data not shown). The
included studies were divided into high-quality (4–7 points) and
low-quality (1–3 points) studies on the basis of their modified
Jadad scale scores [48]. Low-quality studies [24–32, 34–36, 38, 40,
41, 43, 45] were excluded, and only five high-quality trials re-
mained [23, 33, 37, 42, 44]. However, one of these studies was ex-
cluded because the unit albumin was presented in was “mg/dl,”
which was likely erroneous [23]. These steps reduced the het-
erogeneity to 21.8%, and pooled analysis indicated that ONS use
increased serum albumin levels by 1.01 g/l (95% CI: 0.17–1.85,
P = 0.019).

Publication bias

Potential publication bias was detected using funnel plots and
the Egger test. The funnel plots of the effects of ONS use on
serum albumin levels (Fig. 8A), BMI (Fig. 8B), and phosphorus lev-
els (Fig. 8C) present an approximately symmetric pattern. The
Egger test results also indicated no publication bias for the ef-
fects of ONS use on serumalbumin levels (t= 0.84,P= 0.361), BMI
(t = 1.04, P = 0.319), and phosphorus levels (t = 1.77, P = 0.114).
Funnel plots were not created for the other variables (lean body
mass, the phase angle, handgrip, potassium levels, and CRP
levels) because the number of relevant studies that included the
variables was <10.

DISCUSSION

We previously conducted a similar meta-analysis in which we
quantitatively analyzed the effect of ONS use on serum albu-
min levels, BMI, and electrolyte levels. However, the quality of
the analyzed evidence was very low [22]. Our current, updated
systematic review and meta-analysis includes six additional
RCTs assessing the effects of ONS use on the nutritional sta-
tus, electrolyte levels, and inflammation of patients on dialysis.
Themain findings support that ONS administration can improve
the nutritional status of patients on dialysis in terms of their

albumin levels, BMIs, and handgrip strength without signifi-
cantly altering their serum phosphorus and potassium levels.
However, ONS use did not significantly affect lean body mass,
the phase angle, and CRP levels.

PEW represents the progressive loss of bodily reserves of pro-
tein and energy fuels (bodymuscle and fatmass) and is common
in patients on dialysis. A recent meta-analysis reported that the
prevalence of PEW in patients on MDTwas 28%–54% [4] and that
its risk factors include inadequate dietary intake and additional
nutrient loss (such as loss of amino acids, peptides, vitamins,
trace elements, and glucose) during dialysis [7, 8, 49, 50]. How-
ever, the definition of PEWwhen applied for patients on dialysis
is neither clear nor universally agreed on [51].

A low serum albumin level is a commonly used marker and
an essential component of the diagnostic criteria of PEW [5] and
can predict mortality in patients with MDT (HD or PD) [6, 52]. De
Mutsert et al. [53] observed that a 1-g/dl decrease in the serum
albumin level was associated with a 47% increased risk of mor-
tality in patients on HD and 38% increased risk of mortality in
patients on PD. According to Araujo et al. [54], a serum albumin
concentration <3.5 g/dl was associated with higher odds of mor-
tality in patients who had been on HD for >10 years. In addition,
the sensitivity ofmeasuring the serumalbumin concentration to
predict the outcomes of patients with CKD is high, and its gran-
ularity is as little as ≤2 g/l [55, 56]. By contrast, a prospective co-
hort study including patients on PD and HD reported that serum
albumin levels cannot predict mortality risk and were not cor-
related with lean tissue index [57]. These discrepancies may be
due to the differences in study population and durations of the
studies. However, the latest KDOQI guidelines state that serum
albumin may be used as a predictor of hospitalization and mor-
tality for adults with CKD 5D on HD,with lower levels associated
with a higher risk [6].

ONS use is common in malnourished patients in clinical set-
tings or receiving family care, and it can be easily implemented
to compensate an inadequate energy and protein intake from
the diet. For adults with CKD of 3–5 stage at risk of or with PEW,
the latest KDOQI guidelines suggest a minimum 3-month trial
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Figure 8: (a) Funnel plot for serum albumin levels. (b) Funnel plot for BMIs. (c) Funnel plot for serum phosphorus levels.
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of ONS administration to improve nutritional status if dietary
energy and protein intake does not meet nutritional require-
ments [6]. The results of our present meta-analysis and those
of two previous reviews [39, 58] verify that ONS administration
increases serum albumin levels. However, insufficient compa-
rable data preclude the performance of a meta-analysis of its
effects on mortality. Given the importance of albumin levels in
predicting mortality risk, our results to some extent indicate
that ONS use may improve the outcomes of patients on dialy-
sis because it leads to increased albumin levels. However, no-
table heterogeneity was identified in both our current and pre-
vious meta-analyses regarding the overall effects of ONS use on
serum albumin levels. Many factors, such as the type of dialysis,
type or source of ONSs, patient’s nutritional status, duration of
intervention, patient compliance, supplementation timing, pa-
tient age, quality of the study, or patient comorbidities, may be
involved in the generation of heterogeneity. Similar to the pre-
vious review [39], we conducted subgroup analyses of various
potential factors, including the type of dialysis, duration of inter-
vention, supplementation timing, types of ONSs, and nutritional
status. However, heterogeneity remained in most of our sub-
group analyses. In addition, we observed that non-intradialytic
supplementation but not intradialytic supplementation signifi-
cantly improved albumin levels. By contrast, many studies have
reported that intradialytic nutrition can improve the nutritional
status, inflammation, and biochemical measures (including al-
bumin levels) of patients on HD [59]. Therefore, whether intradi-
alytic nutrition is superior to providing similar support outside
of dialysis treatment is worth exploring [59]. When stratified by
study quality, the heterogeneity of the studies decreased, and
the pooled effect on albumin remained significant, indicating
that the heterogeneity was mainly the result of the differences
in study quality.

For patients on dialysis, dietary restrictions are commonly
imposed to limit potassium and phosphorus intake and prevent
fluid overload [51]. Therefore, whether ONS use increases elec-
trolyte disorders should be investigated. Among the studies as-
sessing the effect of ONS use on phosphorus [23, 24, 27, 31, 33,
35, 38, 41, 44, 45], only two demonstrated significant changes in
the phosphorus levels between the ONS and control groups after
intervention [31, 46]; the pooled data indicated that ONS use had
no significant influence on the serumphosphorus levels.We also
discovered negative results related to potassium levels in the lit-
erature [23, 24, 29, 33, 38, 41, 44]. Our findings regarding phospho-
rus and potassium levels were in agreement with those of two
systematic reviews [39, 58], indicating that ONS use has a very
low probability of causing electrolyte disorders related to phos-
phorus and potassium in patients on MDT. However, the pooled
results for phosphorus levels had high heterogeneity. Thus, the
implementation of ONS treatment in clinical practice should be
based on patients’ specific conditions.

The nutritional status of patients with CKD should be mon-
itored regularly. In adults with CKD 1–5D, dual-energy X-ray ab-
sorption remains the gold standard for measuring body com-
position [6]. Simple anthropometric parameters are also often
used to reflect the nutritional status of patients on dialysis.Many
studies have investigated the association of BMI with mortal-
ity in patients on HD and PD. BMI seems to play a different
role in predicting the mortality risks for patients on HD and PD.
Most studies have consistently reported a higher risk of mor-
tality for patients on HD who were underweight and a lower
risk for patients on HD who were overweight or obese [6, 60–62],
whereas conflicting results have been reported for the morality
in patients on PD [6, 63, 64]. The KDOQI 2020 guidelines indi-

cate that underweight status (based on BMI) can be used as a
predictor of higher mortality in patients on PD, whereas in pa-
tients on HD, a high BMI is paradoxically associated with a more
favorable outcome [6]. In the present study, our result regard-
ing BMI was inconsistent with that of the review by Mah et al.
[39], who reported that oral protein-based supplements (versus
placebo or no treatment) did not significantly improve the BMI
of patients on dialysis. The difference in these results related to
BMI may have arisen because of the following reasons. (i) The
types of ONSs in the two reviews were different. In their review,
Mah et al. [39] included only studies using protein-based ONSs,
whereas we included studies using both protein-based and non-
protein ONSs. (ii) Mah et al. included only papers published be-
fore 2020 [39], whereas we included five studies published in the
last 2 years [41–45]. In addition, the effects of ONS use on lean
bodymass were analyzed in our study and that of Mah et al., and
we observed similar negative results to those reported in Mah
et al. [39]. The results regarding BMI and lean body mass of our
study indicate that ONS use improves fat mass in patients on
dialysis.

Unlike other reviews [22, 39, 58], we analyzed the effects of
ONS use on HGS and the phase angle. Patients on MDT often
have low physical performance, which is associated with a high
mortality rate, and HGS may be used as an indicator of protein-
energy status, functional status, and all-cause mortality in pa-
tients onHD and PD [6, 65–67].Notably, our study discovered that
the HGS of patients on dialysis can be significantly improved us-
ingONSs, indicating that ONSusemay improve themuscle func-
tion of patients on dialysis. In addition,Mah et al. [39] found that
protein-based ONSs may result in a higher serum prealbumin
andmid-armmuscle circumference, especially inmalnourished
patients, suggesting that ONS use may be more beneficial for
malnourished dialysis patients in terms of muscle mass. In our
meta-analysis, only three studies reported the effects of ONS use
on the phase angle [25, 42, 44], and the results they have reported
are conflicting. A quantitative analysis of these studies did not
reveal that ONS use improves the phase angle. In addition, nei-
ther the current review nor the review of Mah et al. has reported
that ONS use can improve the CRP level. Moreover, the review of
Mah et al. analyzed the effect of ONS use on interleukin-6 and
obtained a negative result [39].

No consensus has been arrived at with respect to the type,
time of initiation, or duration of use of enteral nutrition or nutri-
tional supplementation for patients on MDT. Furthermore, few
meta-analyses of this topic have been conducted. The strengths
of our study are as follows: (i) compared with our previous re-
view, this updated meta-analysis offers a more robust analysis
of the effects of ONS use on the parameters reflecting the nu-
tritional status of patients on dialysis, including HGS, lean body
mass, and the phase angle, and it analyzed the marker of in-
flammation, which we failed to analyze in our previous study.
(ii) Extensive subgroup analyses on the effects of ONS on serum
albumin levels were conducted in this review, and the potential
source of heterogeneity in the studies in this field was identified.
Publication bias was analyzed not only by using funnel plots but
also by using the Egger test. (iii) We summarized the suitable
subgroups, durations, timings, and types of ONS interventions
implemented for patients on dialysis, which could guide future
research on this topic.

This study has several limitations. First, obvious heterogene-
ity was observed in the meta-analysis of the overall effects of
ONS use on serum albumin levels. To investigate and minimize
the source of heterogeneity, we performedmany subgroup anal-
yses. However, the heterogeneity remained after the subgroup
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analyses based on the type of dialysis, duration of intervention,
supplementation timing, types of ONSs, and nutritional status
were performed. Furthermore, we grouped the included stud-
ies by quality and observed that the heterogeneity mainly arose
from the studies’ uneven quality. Therefore, our results should
be interpreted cautiously, and ONS treatment should be sug-
gested for patients on dialysis on the basis of the specific con-
ditions of the individuals. Second, ∼70% of the included studies
had small sample sizes (n< 60), and>70%were of lowquality, ac-
cording to the modified Jadad scale [48]. These factors decrease
the overall quality of themeta-analysis. Finally,we could not de-
termine the effects of ONS use on the mortality risk or quality
of life of patients on dialysis due to the current limited studies.
Although our study investigated the effects of ONSs on inflam-
matory markers, only CRP was reported, and no other markers
such as interleukin-6 were reported.

CONCLUSION

Our meta-analysis revealed that ONS use did not significantly
affect phosphorus and potassium levels, lean body mass, the
phase angle, and CRP levels but did significantly increase serum
albumin levels, BMI, and HGS in patients on MDT. Thus, ONS use
may improve the nutritional status and muscle function of pa-
tients on dialysis without aggravating electrolyte disturbances,
such as those related to phosphorus and potassium. Large-scale,
well-designed studies are warranted to verify these findings.
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