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Objectives: The prognosis of severe acute pancreatitis (SAP) patients is closely related
to early nutritional support. It is well-established that changes in glutamine (Gin), an
important amino acid and nutritional supplement, can reflect disease severity. However,
no consensus has been reached on the role of GIn nutrition therapy for SAP patients.
We conducted this systematic review and meta-analysis to summarize and evaluate the
advantages of GIn supplementation in SAP.

Methods: PubMed, Web of Science, the Embase, Cochrane Library, and Chinese
databases (CNKI, SinoMed, Wanfang, and VIP) were systematically searched for eligible
studies that included glutamine supplementation in SAP patients from inception to
October 31 2021, excluding non-SAP studies. Primary outcome measures included
mortality, APACHE Il score, complications, and length of hospital stay. The meta-analysis
was registered with PROSPERO (CRD42021288371) and was conducted using Review
Manager and Stata softwares.

Results: This meta-analysis included 30 randomized controlled trials (RCTs) with a total
of 1,201 patients. Six primary outcomes and six secondary outcomes were analyzed. For
the primary outcomes, GIn supplementation was associated with lower mortality (OR =
0.38, 95% Cl: 0.21-0.69, P = 0.001), total hospital stay (MD = —3.41, 95% Cl: —4.93
to —1.88, P < 0.0001) and complications (OR = 0.45, 95% CI: 0.31-0.66, P < 0.0001)
compared with conventional nutrition. Further subgroup analysis found that parenteral
glutamine was more effective in reducing mortality. In terms of secondary outcomes,
GIn supplementation helped restore liver, kidney and immune function, with significantly
increased serum albumin (SMD = 1.02, 95% CI: 0.74-1.31, P < 0.00001) and IgG levels
(MD = 1.24, 95% CI: 0.82-1.67, P < 0.00001), and decreased serum creatinine (Scr)
(MD = —-12.60, 95% Cl: —21.97 to —3.24, P = 0.008), and inflammatory indicators such
as C-reaction protein (CRP) (SMD = —1.67, 95% Cl: —2.43 to —0.90, P < 0.0001).

Conclusion: Although GIn supplementation is not routinely recommended, it is
beneficial for SAP patients. Indeed, glutamine nutrition has little effect on some indicator
outcomes but contributes to improving the prognosis of this patient population.

of Glutamine in Treating Severe Acute Systematic Review Registration: PROSPERO (york.ac.uk). Unique Identifier:
Pancreatitis: A Systematic Review and CRD42021288371.
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INTRODUCTION

Acute pancreatitis (AP) is a predominant cause of acute abdomen
during clinical practice and can be divided into mild, moderately
severe, and severe AP according to its severity (1). Although
most cases present with mild disease, more than 20% of
patients progress to severe acute pancreatitis (SAP) (2, 3). SAP
is characterized by hemorrhagic and necrotizing pancreatitis
that frequently causes systemic complications and multiorgan
failure, resulting in high mortality and poor prognosis (4, 5).
As an important feature of SAP, high metabolism and increased
protein decomposition rate can easily lead to malnutrition and
subsequent immunosuppression, further aggravating SAP (6, 7).
Early fasting is a crucial part of the conservative treatment
of AP to reduce the secretion of pancreatic enzymes and
the inflammatory response. However, it should be borne in
mind that due to the high metabolic activity of the disease
itself and the lack of exogenous nutritional supplements, early
fasting can lead to the further progression of SAP, which
ultimately increases the hospitalization time, medical costs and
mortality (8, 9). Mounting evidence suggests that early enteral or
parenteral nutrition support can help reduce multisystem organ
failure (MOF), pancreatic infection complications and mortality,
leading to a better prognosis (10).

As the most abundant amino acid in the human body,
glutamine (Gln) is widely utilized by the liver, lung and intestine,
and its supplementation may correct the negative nitrogen
balance caused by SAP, reduce inflammation and improve
prognosis (11, 12). However, much controversy surrounds the
use of Gln in the treatment of SAP. Petrov et al. (13) found
that Gln-supplemented enteral nutrition did not reduce total
infectious complications relative to standard enteral nutrition (P
= 0.53). This standpoint was confirmed in a meta-analysis by
Jiang et al. (14), who demonstrated that Gln-containing enteral
nutrition could significantly reduce the risk of multiple organ
dysfunction syndromes (MODS) and death and shorten the
length of hospital stay. Another study found that parenteral
nutrition supplemented with Gln was more effective than enteral
nutrition in reducing complications such as infection, pseudocyst
and necrosis, but the difference was not statistically significant
(15). This is significantly inconsistent with the study by Li et
al., who believed that enteral nutrition was more meaningful
than parenteral nutrition in reducing pancreatic infection and
related complications in patients (OR, 0.41; 95% CI, 0.22-0.77;
P = 0.006) (16). In a randomized controlled study that enrolled
patients with SAP (n = 47), Gln-containing parenteral nutrition
significantly increased serum albumin levels, decreased mortality
and morbidity, shortened hospital stay, and improved patient
nutritional status (17). The conclusion was consistent with Tina
et al. (18). They confirmed that parenteral Gln supplementation

Abbreviations: SAP, severe acute pancreatitis; Gln, glutamine; RCTs, randomized
controlled trials; Scr, serum creatinine; CRP, C-reaction protein; AP, acute
pancreatitis; MOF, multisystem organ failure; MODS, multiple organ dysfunction
syndromes; RR, relative risk; MD, mean difference; SMD, standard mean
difference; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL,
total bilirubin; BUN, blood urea nitrogen; IL-6, interleukin- 6; TNF-a, tumor
necrosis factor o.

TABLE 1 | Retrieval strategy of PubMed.

Number Search strategy

#1 “Glutamine” [MeSH]

#2 “L-Glutamine” [Title/Abstract]

#3 “L Glutamine” [Title/Abstract]

#4 “D-Glutamine” [Title/Abstract]

#5 “D Glutamine” [Title/Abstract]

#6 “GIn” [Title/Abstract]

#7 #1 OR #2 OR #3 OR #4 OR #5 OR #6

#8 “Pancreatitis, Acute Necrotizing” [MeSH]

#9 “Necrotizing Pancreatitis, Acute” [Title/Abstract]

#10 “Pancreatitis Necrotising” [Title/Abstract]

#11 “Acute Necrotizing Pancreatitis” [Title/Abstract]

#12 “Pancreatitis Necrotizing” [Title/Abstract]

#13 “Necrosis, Pancreatic” [Title/Abstract]

#14 “Hemorrhagic Necrotic Pancreatitis” [Title/Abstract]

#15 “Hemorrhagic Necrotic Pancreatitides” [Title/Abstract]

#16 “Necrotic Pancreatitis, Hemorrhagic” [Title/Abstract]

#17 “Pancreatitis, Hemorrhagic Necrotic” [Title/Abstract]

#18 “Severe Acute Pancreatitis” [Title/Abstract]

#19 “SAP” [Title/Abstract]

#20 #1 OR #2 OR #3 #80R #9 OR #10 OR #11 OR #12 OR #13 OR
#14 OR #15 OR #16 OR #17 OR #18 OR #19

#21 #7 AND #20

significantly reduced the risk of infectious complications by
enrolling 226 AP patients (RR = 0.59; 95% CI, 0.39-0.88; P
< 0.05) and mortality (RR = 0.26; 95% CI, 0.11-0.59; P <
0.001) and shorter length of hospital stay (MD = —2.93 days;
95% CI, —4.70 to —1.15; P < 0.001). However, the length
of hospital stay was not consistent with Varsha et al. (MD
= —1.35; 95% CI, —3.25 to 0.56, P = 0.17) (19). Therefore,
much heterogeneity surrounds the application of Gln-containing
nutritional support therapy in SAP. In addition, the 2019 Chinese
Guidelines for the Diagnosis and Treatment of Acute Pancreatitis
stated that the application of Gln preparations to SAP patients
is beneficial to protect the intestinal mucosal barrier (20), but
this was not mentioned in the American Gastroenterological
Association Institute Guideline on Initial Management of Acute
Pancreatitis (21). Although a meta-analysis by Li et al. (22)
attempted to evaluate the efficacy of Gln-rich nutritional support
for SAP patients, the small number of included studies limited
robustness of the findings. To this end, we included updated
studies and data for meta-analysis, including 30 randomized
controlled trials (RCTs) and a large sample of more than 1,800
patients. In addition, we performed subgroup analyses of Gln
supplementation patterns and even detailed supplementation
doses, which were not addressed in previous studies. This will
provide more reliable and robust evidence for the efficacy of
Gln-containing nutritional therapy.

METHODS

Our study was registered in the PROSPERO database
(CRD42021288371). This study was conducted according
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Articles excluded
(1=440)

1)Document type does not match:229
2)Irrelevant to the study (reading the

title and abstract):210

Full texts excluded
(n=69)

1)Non-randomized controlled trials:2

2)Non-standard PN or EN scheme:61
3) Unable to get the full text:6

|
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FIGURE 1 | Current meta-analysis article searching and screening strategies.

to the Cochrane Handbook 6.0, and the results were presented
according to the PRISMA statement (23, 24).

Search Strategy

Databases, including PubMed, Web of Science, the Embase,
Cochrane Library, and Chinese databases (CNKI, SinoMed,
Wanfang, and VIP), were searched until October 31, 2021. We
used the following subject headings plus free words: “SAP (or
severe acute pancreatitis, or acute necrotizing pancreatitis, or
hemorrhagic necrotic pancreatitis)” and “Gln (or glutamine, or
L-Glutamine, or D-Glutamine);” other quality conference papers
and journals were also searched. The specific retrieval strategy for
PubMed database is provided in Table 1.

Inclusion and Exclusion Criteria

Study selection was based on the following criteria: (1) study
population: SAP patients; (2) intervention and comparison:
treatment with Gln (supplemented enterally or parenterally) or
without Gln for SAP patients; (3) outcomes: primary outcomes
such as mortality, APACHE II score, shortening intensive
care unit (ICU) hospital stay, total length of hospital stay,
bloating recovery time, complications and secondary outcomes
such as liver function indicators [serum albumin, alanine

aminotransferase (ALT), aspartate aminotransferase (AST), and
total bilirubin (TBIL)], kidney function indicators [serum
creatinine (Scr) and blood urea nitrogen (BUN)], inflammatory
indicators [C-reaction protein (CRP), interleukin-6 (IL-6), IL-8
and tumor necrosis factor a (TNF-a)], immune indicators (IgA
and IgG) and serum amylase recovery time; and (4) study design:
randomized controlled trials (RCTs).

Exclusion criteria: (1) research type: review, guideline,
systematic review, animal experiment, cell experiment; (2)
research content inconsistent with the theme and the full text
unavailable; (3) duplicate studies.

Definitions

The diagnosis of AP requires two of the following three criteria:
(1) epigastric pain consistent with acute pancreatitis (acute,
sudden, persistent and severe abdominal pain that can radiate
to the back); (2) serum lipase activity; (3) Enhanced computed
tomography (CT)/magnetic resonance imaging (MRI) showed
typical AP imaging changes (pancreatic edema or peripancreatic
effusion). Cases that met the dignostic criteria of AP with
APACHE 1I score > 8, Ranson score > 3, CT grade DJ/E,
accompanied by persistent (>48 h) organ dysfunction (especially
shock, respiratory disorder, and renal insufficiency) and/or local
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TABLE 2 | Summary of the basic characteristics of the included studies.

Reference Interventions No. of subjects Age (years, Sex (M/F) APACHE Il Outcomes
enrolled mean =+ SD) score
He et al. (6) TPN+Gin 20 39.4 + 8.6 11/9 Unstates A/ D,E FG K
TPN 21 402 +7.8 11/10 Unstates
Guo et al. (34) TPN+GIn 20 Unstates 12/8 Unstates A G
TPN 21 Unstates 14/7 Unstates
Ding et al. (29) TPN+GIn 10 Unstates Unstates Unstates G, J
TPN 10 Unstates Unstates Unstates
Fuentes-Orozco (12) TPN+GIn 22 43.8 £ 14.4 12/10 103+ 1.6 A CD,G I, J
TPN 22 415 +14.2 12/10 10.7 £1.9
Gu et al. (32) TPN+GIn 30 Unstates Unstates Unstates G
TPN 30 Unstates Unstates Unstates
Tong et al. (41) EEN+GIn 16 41.5+10.8 10/6 121 +£3.7 B, I, J
EEN 16 41.9+11.4 97 12.1+£3.7
Wang et al. (44) TPN+GIn 23 Unstates Unstates Unstates A D EFGK
TPN 25 Unstates Unstates Unstates
Huang et al. (35) TPN+GIn 24 63.6 + 6.2 18/6 20.8 £3.5 B, G IJ
TPN 24 62.4 + 4.8 16/8 21.0+£32
Wu et al. (45) EEN+GIn 15 37.24 + 3.56 9/6 Unstates A D FG
EEN 15 38.61 + 2.51 10/5 Unstates
Yang et al. (47) EEN+GIn 14 42.82 £9.02 77 9.14 £ 0.77 B,C DI J
EEN 14 43.25 +£8.73 7/7 9.21 +£0.89
Ran et al. (38) TPN+Gin 25 54.3 +16.2 18/7 9.9+24 B,C,D,GHIJ
TPN 25 56.2 +15.9 20/5 9.5+23
Jin et al. (36) EEN+GIn 26 Unstates Unstates 125+ 4.1 A B, D F
EEN 23 Unstates Unstates 120+ 5.0
Singh et al. (52) EEN+GIn 41 40.78 £ 15,5 24/27 87+t4.4 AF
EEN 39 35.64 £ 13.0 25/14 71+£25
Wa et al. (42) EEN+GIn 54 59.3 + 3.9 28/26 104 +£1.2 B, G, H,I
EEN 54 62.4 + 4.1 31/23 106 +1.2
Liuetal (17) TPN+GIn 24 40 £ 3.96 15/9 Unstates A C,D,F
TPN 23 39.13 + 4.46 14/9 Unstates
Lei et al. (37) EEN+GIn 38 Unstates Unstates 165+ 1.7 A B DFIJ, L
EEN 38 Unstates Unstates 16.9+22
Yin et al. (49) TPN+GIn 20 41 +£38.2 Unstates Unstates A D EFG K
TPN 20 41+£32 Unstates Unstates
Wang et al. (43) EEN+GIn 49 51.85 + 3.49 29/20 9.59 +1.33 G, |
EEN 49 51.83 £+ 3.52 28/21 9.63 £ 1.31
Yang et al. (46) EEN+GIn 34 Unstates 22/12 11.98 + 1.42 |
EEN 34 Unstates 21/13 12.08 £ 1.36
Zhao et al. (51) EEN+GIn 48 58.6 + 3.8 Unstates 106+£1.2 B, G, |
EEN 48 58.6 + 3.8 Unstates 104 +£1.2
Cui et al. (28) EEN+GIn 47 52.7 £ 8.3 32/15 9.7+25 G, I, J
EEN 47 53.5+ 8.8 34/13 9.8+27
Gao et al. (31) EEN+GIn 45 47.98 £+ 6.24 24/21 Unstates B, G, I
EEN 45 48.56 + 6.37 25/20 Unstates
Yuan et al. (50) EEN+GIn 23 51.32 £ 11.65 Unstates Unstates I, J
EEN 24 51.32 £ 11.65 Unstates Unstates
Arutla et al. (53) EEN+GIn 18 38.11 £ 16.3 17/11 8.6 £4.5 A C,D, I
EEN 22 39.77 £ 1561 20/2 8.76 £ 3.7
Ren et al. (39) EEN+GIn 30 47.95 +£7.79 21/9 11.34 £ 2.37 A B EFIK
EEN 30 51.71 £ 7.09 25/14 9.73 +£1.02
(Continued)
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TABLE 2 | Continued

Reference Interventions No. of subjects Age (years, Sex (M/F) APACHE Il Outcomes
enrolled mean =+ SD) score

Sun et al. (40) EEN+GIn 39 51.71 £ 7.09 25/14 9.73 £ 1.02 G, H
EEN 39 51.68 +7.15 24/15 9.64 +1.07

Chu et al. (27) EEN+GIn 42 50.62 + 5.74 27/15 9.76 £ 1.12 G, H, L
EEN 42 49.48 + 6.06 26/16 9.63 + 1.44

Guan et al. (33) EEN+GIn 40 58.15 £ 3.13 25/15 Unstates F G, I
EEN 40 58.33 +£ 3.2 23/17 Unstates

Fan et al. (30) EEN+GIn 46 51.6+3.3 28/18 Unstates A B,DEFRG
EEN 46 522+29 26/20 Unstates

Yang et al. (48) EEN+GIn 33 45.51 £ 22.46 17/16 14.03 +£1.97 B, G L
EEN 32 45.52 +22.42 16/16 1417 £2.03

M/F, Male/Female; TPN, Total Parenteral Nutrition; EEN, Enter Enteral Nutrition; GIn, Glutamine; A, Mortality; B, APACHE Il score; C, ICU hospital stay; D, Total length of hospital stay; E,
Bloating recovery time; F;, Complications; G, Liver function index; H, Kidney function index; I, Inflammatory index; J, Immune index; K, Serum amylase recovery time; L, Response rate.
“Total length of hospital stay” refers to the total time spent in hospital for SAP patients, including ICU stay time. “Complications” refers to the number of people with complications from
SAR. Regardless of GiIn treatment, SAP patients have other diseases caused by disease progression, such as pancreatic pseudocyst, peripancreatic infection, abdominal infection,
multiple organ failure, sepsis, and gastrointestinal bleeding. “Response rate” refers to whether it improves the overall treatment effect of severe acute pancreatitis and improves the
severity of SAP patients (For example, after 2 weeks of treatment, the patient’s symptoms such as abdominal pain and bloating were significantly relieved, and laboratory indicators
such as blood/urine amylase, blood routine, liver function, and inflammatory factors were significantly improved).

complications (pancreatic necrosis, abscess, and pseudocyst)
were diagnosed as SAP (1).

Literature Screening and Data Extraction
Literature screening and data extraction were carried out by
two researchers (Dong and Zhao), and any disagreements were
resolved through third-party consultation (Li). A table was used
to extract the relevant data of the included literature, including:
(1) basic information of the study: first author, publication year,
sample size, age, and gender ratio; (2) intervention measures:
with or without Gln; (3) outcome indicators: mortality, APACHE
IT score, ICU hospital stay, total length of hospital stay,
complications, bloating recovery time, liver function indicators,
kidney function indicators, inflammatory indicators, immune
indicators, and serum amylase recovery time.

Literature Quality Assessment

The quality of each included study was assessed by the two
investigators using tools in the Cochrane Handbook for the
Systematic Review of Interventions (23). The evaluation content
was divided into six aspects: (1) whether the random allocation
method is correct; (2) whether the concealment of the allocation
scheme is correct; (3) whether blinding is used; (4) whether the
data results are complete; (5) whether there is selective reporting
of research results; (6) whether there are other sources of bias.

Statistical Analysis

All studies were analyzed using Review Manager version 5.3
and Stata 12SE. The Odd Ratio (OR) was used as the effect
index for dichotomous variables, and the mean difference (MD)
or standard mean difference (SMD) for continuous variables.
Its estimates and 95% confidence interval (CI) were provided.
The chi-square (x2) and I’ tests were used to evaluate the
heterogeneity. If significant heterogeneity was present among
studies (P < 0.10 and I?> > 50%), a random-effects model was

used; otherwise, a fixed-effects model was used (25). Sensitivity
analysis was used to analyze sources of heterogeneity. A P-value
< 0.05 was statistically significant. Potential publication bias was
assessed with funnel plots and Egger’s test (26).

RESULTS

Literature Search Results

A total of 1,201 related literatures were initially retrieved from
the above databases. After screening, browsing the titles and
abstracts, and reading the full texts, we finally included 30 RCTs
(6, 12, 17, 27-53). The experimental group (nutritional support
containing Gln) included 915 patients, and the control group
(conventional nutritional support) included 917 patients. The
PRISMA flow chart for literature screening is shown in Figure 1.

The basic characteristics of the included studies are shown in
Table 2.

Risk of Bias Assessment Results

Given the risk of bias in the published literature, the included
studies were analyzed separately for bias to determine the impact
on the conclusions. Two authors independently assessed the
included RCTs according to the tools of the Cochrane Systematic
Review. The quality assessment of the included studies is shown
in Figures 2, 3.

Outcomes of the Intervention

The intervention outcomes were divided into primary and
secondary outcomes; the primary outcomes included mortality
(Figure 4), APACHE 1I score (Figure5), ICU hospital stay
(Figure 6), total length of hospital stay (Figure7), bloating
recovery time (Figure8) and complications (Figure9),
and secondary outcomes included liver function indicators
(Figures 10-13), kidney function indicators (Figures 14,
15), inflammatory indicators (Figures 16-19), immune
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FIGURE 2 | Risk of bias summary.

indicators (Figures 20, 21), serum amylase recovery time
(Figure 22), and response rate (Figure23). In Figures 4-23,
“experimental” represents the parenteral or enteral nutrition

group supplemented with Gln, and “control” means the
conventional nutrition group. Rhombuses in the forest plot
represent the results of the meta-analysis; the center of the
rhombuses represents the point estimates of the effect size of
the summary results, such as the OR value, MD value and SMD
value, and the width of the rhombuses represents the 95% Cls of
the effect size of the pooled results.

Primary Outcomes

Mortality

The effect of adding GIn on the mortality of SAP patients was
repored in 13 included studies (n = 688 patients). A fixed-effects
model was selected since no significant heterogeneity was present
among the studies (P = 0.91, I> = 0%). The pooled results
showed that Gln supplementation significantly reduced patient’
mortality (OR = 0.38, 95% CI: 0.21-0.69, P = 0.001; Figure 4).
We performed an additional subgroup analysis by stratifying
parenteral nutrition vs. enteral nutrition. Compared with the
conventional nutrition group, enteral nutrition with Gln failed to
effectively reduce the mortality of SAP patients (OR = 0.64, 95%
CI: 0.30-1.37, P = 0.25), while parenteral Gln supplementation
could significantly reduce patient mortality (OR = 0.19, 95% CI:
0.07-0.51, P = 0.001).

APACHE II Score

Twelve studies involving 802 patients reported the APACHE II
score outcome. Given that significant heterogeneity was present
among these studies (P < 0.00001, I> = 88%), a random-
effects model was used. The pooled results indicated that
Gln supplementation effectively reduced the APACHE II score
compared to the conventional nutrition group (SMD = —1.14,
95% CI: —1.52 to —0.76, P < 0.00001; Figure 5).

ICU Hospital Stay

ICU hospital stay was reported in five included studies involving
209 patients. There was significant heterogeneity among these
studies (P < 0.00001, I? = 89%), which was not reduced
after removing one study at a time for sensitivity analysis;
accordingly, a random-effects model was selected. The pooled
results indicated that Gln supplementation was associated with
a significantly shorter ICU hospital stay (SMD = —0.93, 95% CI:
—1.83 to —0.04, P = 0.04; Figure 6).

Total Length of Hospital Stay

An association between the total length of hospital stay and
Gln supplementation was reported in twelve studies involving
585 patients. There was significant heterogeneity between these
studies (P < 0.0001, I> = 73%), and, a random-effects model was
applied. The pooled results showed that Gln supplementation
significantly reduced the total length of hospital stay (MD
= —3.41, 95% CI: —4.93 to —1.88, P < 0.0001; Figure 7).
After subgroup analysis by stratifying enteral vs. parenteral
supplementation, the modalities of Gln supplementation and
the inclusion criteria of the Ran et al. study (32) were found
to be the main source of heterogeneity. Furthermore, subgroup
analysis showed both parenteral (MD = —4.14, 95% CI: —7.69
to —0.59, P = 0.02) and enteral supplementation (MD = —2.78,
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Experimental Control Odds Ratio Odds Ratio
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FIGURE 4 | Forest plots of mortality associated with experimental group (parenteral or enteral nutrition group supplemented with Gin) vs. control group (conventional
nutrition group). /2 tests and P are the criteria for the heterogeneity test, 4, pooled odds ratio; —M—, odds ratio, and the edges of 4, 95% Cl.

95% CI: —3.39 to —2.17, P < 0.00001) can effectively reduce
the total hospitalization time of patients compared with the
conventionally nutrition group.

Bloating Recovery Time

To compare the effect of Gln on bloating recovery time in
patients, five studies involving a total of 281 patients were
included. There was significant heterogeneity among these

studies (P < 0.0001, I> = 85%), and a random-effects model
was used. The pooled results showed that Gln supplementation

significantly shortened the bloating recovery time in patients
(MD = —1.27,95% CI: —1.44 to —1.10, P < 0.00001; Figure 8).

Complications
Eleven included studies involving 646 patients reported
complications as an outcome, involving 646 patients. No
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significant heterogeneity was found among these studies
(P = 0.13, I> = 33%). The pooled rates showed that Gln
supplementation significantly reduced the incidence of
complications in patients (OR = 0.45, 95% CI: 0.31-0.66,
P < 0.0001; Figure9). A subgroup analysis showed that
compared with the conventional nutrition group, Gln parenteral
supplementation (OR = 0.21, 95% CI: 0.10-0.43, P < 0.0001),
and enteral nutrition could significantly reduce complications in
SAP patients (OR = 0.63, 95% CI: 0.40-0.98, P = 0.04), and no
significant heterogeneity was found among the included studies
(> =0).

Secondary Outcomes

Liver Function Indicators

Serum albumin. An association between serum albumin and
Gln supplementation was reported in 15 included studies (n =
917). The pooled estimates showed that Gln supplementation
significantly increased serum albumin level (SMD = 1.02, 95%
CIL: 0.74-1.31, P < 0.00001; Figure 10). However, there was
significant heterogeneity among these studies (P < 0.00001,
I = 75%). Substratification into parenteral and enteral
subgroups failed to reduce the heterogeneity, suggesting that Gln

supplementation was not a source of heterogeneity. Subgroup
analysis showed that parenteral (SMD = 0.89, 95% CI: 0.48-
1.31, P < 0.0001) and enteral Gln supplementation significantly
increased serum albumin level (SMD = 1.12, 95% CI: 0.72-1.52,
P < 0.00001) compared with the conventional nutrition group.

ALT. Six studies reported ALT for the two groups,
involving 554 patients with severe pancreatitis, and there
was significant heterogeneity among these studies (P <
0.00001, I> = 97%). After conducting a sensitivity analysis,
the heterogeneity was not reduced. Accordingly, the
heterogeneity was attributed to differences in detection
instruments (Supplementary Material 1). We selected a
random-effects model, and the pooled estimates suggested that
Gln supplementation significantly reduced ALT level (MD =
—13.73,95% CI: —16.40 to —11.07, P < 0.00001; Figure 11).

AST. AST was reported in 3 included studies involving a
total of 270 patients. A random-effects model was used since
significant heterogeneity was observed among these studies (P <
0.00001, I> = 99%). The meta-analysis results showed that Gln
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FIGURE 7 | Forest plots of total length of hospital stay associated with experimental group (parenteral or enteral nutrition group supplemented with GIn) vs. control
group (conventional nutrition group). /2 tests and P are the criteria for the heterogeneity test, 4, pooled mean difference; —M—, mean difference, and the edges of ¢,
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FIGURE 8 | Forest plots of bloating recovery time associated with experimental group (parenteral or enteral nutrition group supplemented with Gin) vs. control group
(conventional nutrition group). /2 tests and P are the criteria for the heterogeneity test, 4, pooled mean difference; —M—, mean difference, and the edges of ¢,

supplementation was more effective in reducing AST level (MD
= —21.45,95% CI: —34.74 to —8.16, P = 0.002; Figure 7).

TBIL. Four studies with a total of 392 patients reported TBIL.
There was little heterogeneity among these studies (P = 0.93, I?
= 0%), and a fixed-effects model was used. The pooled results
suggested that Gln supplementation significantly reduced TBIL
level (MD = —5.02, 95% CL: —5.34 to —4.71, P < 0.00001;
Figure 13).

Kidney Function Indicators

Scr. Four studies involving 320 patients were included to assess
the effect of Gln supplementation on Scr levels. Significant
heterogeneity was observed among these studies (P = 0.0001, I?
= 86%) and a random-effects model was selected. The pooled

results suggested that Gln addition was effective in reducing Scr
levels (MD = —12.60, 95% CL: —21.97 to —3.24, P = 0.008;
Figure 14).

BUN. Four studies, including 320 patients, reported BUN results.
There was significant heterogeneity among these studies (P <
0.00001, I> = 92%) and a random-effects model was used. The
combined results indicated that the addition of Gln was not
significantly correlated with BUN levels (MD = —1.34, 95% CI:
—2.87 t0 0.18, P = 0.08; Figure 15).

Inflammatory Indicators

CRP. Seven studies involving a total of 317 patients reported this
outcome. There was large heterogeneity among these studies (P <
0.00001, I* = 88%), and the pooled estimates suggested that Gln
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supplementation effectively reduced CRP levels in SAP patients
(SMD = —1.67, 95% CI: —2.43 to —0.90, P < 0.0001; Figure 16).
After substratification into parenteral and enteral group, we
found that the feeding route was a source of heterogeneity. Our
subgroup analysis showed that compared with the conventional
nutrition group, both parenteral (SMD = —1.27, 95% CI: —1.66
to —0.87, P < 0.00001) and enteral Gln significantly reduced CRP
levels (SMD = —2.00, 95% CI: —3.47 to —0.52, P = 0.008).

IL-6. IL-6 was reported in 12 studies involving 897 patients.
There was significant heterogeneity among these studies (P <
0.00001, I> = 89%) and a random-effects model was used. The
results indicated that Gln supplementation effectively reduced
IL-6 levels (SMD = —1.23,95% CI: —1.68 to —0.78, P < 0.00001;
Figure 17).

IL-8. To compare the effects on IL-8 levels in patients, five studies
involving 427 patients were included. There was significant
heterogeneity among these studies (P < 0.00001, I? = 93%), and
a random-effects model was used. The pooled results suggested
that GIn supplementation effectively reduced IL-8 level (SMD =
—2.04, 95% CI: —2.93 to —1.14, P < 0.00001; Figure 18).

TNF-a. To compare the effect of Gln supplementation on TNE-
a level in SAP patients, 10 studies involving 817 patients were
included. Given that significant heterogeneity was observed

among these studies (P < 0.00001, I> = 95%), we applied
a random-effects model. The combined results showed that
nutritional supplementation with Gln was effective in reducing
TNF-a levels (SMD = —2.47, 95% CI: —3.27 to —1.66, P <
0.00001; Figure 19).

Immune Indicators

IgA. IgA was reported in three studies involving 114 patients.
Given that there was significant heterogeneity among these
studies (P < 0.00001, I? 94%), a random-effects model
was selected. The results indicated no statistically significant
difference in IgA levels between the Gln supplementation group
and the conventional nutrition group (SMD = 1.42, 95% CIL
—0.41 to 3.25, P = 0.13; Figure 20).

IgG. This outcome was reported in 3 included studies involving
118 patients. A fixed-effects model was used since no significant
heterogeneity was observed among these studies (P = 0.19, I> =
40%). The pooled estimates suggested that Gln supplementation
can significantly increase IgG levels (MD = 1.24, 95% CI: 0.82-
1.67, P < 0.00001; Figure 21).

Serum Amylase Recovery Time

Serum amylase recovery time was included in four studies,
involving 118 patients. There was significant heterogeneity
among these studies (P = 0.002, I> = 80%) and a random-effects
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Favours [experimental] Favours [control]

with GIn) vs. control group (conventional

nutrition group). /2 tests and P are the criteria for the heterogeneity test, 4, pooled mean difference; — M —, mean difference, and the edges of 4, 95% Cl.
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FIGURE 13 | Forest plots of TBIL associated with experimental group (parenteral or enteral nutrition group supplemented with GIn) vs. control group (conventional
nutrition group). /2 tests and P are the criteria for the heterogeneity test, 4, pooled mean difference; — M —, mean difference, and the edges of ¢, 95% Cl.
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FIGURE 14 | Forest plots of Scr associated with experimental group (parenteral or enteral nutrition group supplemented with GIn) vs. control group (conventional
nutrition group). /2 tests and P are the criteria for the heterogeneity test, 4, pooled mean difference; — M —, mean difference, and the edges of 4, 95% ClI.
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FIGURE 15 | Forest plots of BUN associated with experimental group (parenteral or enteral nutrition group supplemented with Gin) vs. control group (conventional
nutrition group). /2 tests and P are the criteria for the heterogeneity test, 4, pooled mean difference; — M —, mean difference, and the edges of ¢, 95% Cl.
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model was used. The pooled results indicated no significant
difference in serum amylase recovery time between treatment
with or without Gln supplementation (MD = 0.18, 95% CI: —0.60
to 0.96, P = 0.65; Figure 22).

Response Rate

Three included studies involving 225 patients reported the
response rate. Little heterogeneity was observed among these
studies (P = 0.84, I? 0%), and, a fixed-effects model was
used. The pooled results showed that the response rate between
Gln-supplementation and the control group was statistically
significant (OR = 4.63, 95% CI: 2.00-10.71, P 0.0003;
Figure 23).

Sensitivity Analysis

Sensitivity analyses were performed by omitting one study at
a time. During analysis of kidney function indicators, when
the study of Wa et al. (36) was excluded, the pooled estimates

showed that Gln supplementation was more effective in reducing
BUN levels than the control group (MD: —2.20, 95%CI, —2.71 to
—1.70, P < 0.00001), which was inconsistent with the preliminary
results and significantly reduced heterogeneity (I*> = 0%). In
terms of serum amylase recovery time, when we excluded the
study by Ren et al. (33), the pooled results showed that Gln
supplementation failed to effectively reduce the serum amylase
recovery time (MD: 0.50; 95% CI, 0.10-0.90; P < 0.00001), but
the heterogeneity (I* = 0%) was significantly reduced.

Publication Bias

Funnel plot and Egger’s test were used to evaluate publication
bias of mortality, APACHE II score, complications, total length
of hospital stay, serum albumin, IL-6, and TNF-a. The results
showed significant publication bias for mortality (Egger’s test,
P = 0.025), complications (Egger’s test, P = 0.000), and TNF-a
(Egger’s test, P = 0.020). However, no significant publication
bias was observed for in the APACHE II score (Egger’s test, P
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FIGURE 16 | Forest plots of CRP associated with experimental group (parenteral or enteral nutrition group supplemented with GIn) vs. control group (conventional
nutrition group). /? tests and P are the criteria for the heterogeneity test, 4, pooled standard mean difference; — B —, standard mean difference, and the edges of 4,
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FIGURE 17 | Forest plots of IL-6 associated with experimental group (parenteral or enteral nutrition group supplemented with Gin) vs. control group (conventional
nutrition group). 2 tests and P are the criteria for the heterogeneity test, 4, pooled standard mean difference; — M —, standard mean difference, and the edges of ¢,

Favours [experimental] Favours [control]

= 0.262), total length of hospital stay (Egger’s test, P = 0.892),
serum albumin (Egger’s test, P = 0.545), and IL-6 (Egger’s test, P
= 0.059) (Figure 24).

DISCUSSION

The meta-analysis aimed to evaluate the efficacy of Gln
parenteral or enteral nutrition vs. conventional nutrition in
patients with SAP. Outcomes, such as mortality, complications,
the hospital stay of SAP patients, and other test results,
were evaluated.

Consistent with the literature, we found that nutritional
support with Gln may be an effective therapeutic approach for

SAP. Importantly, unlike enteral Gln supplementation (OR =
0.64, 95% CI: 0.30-1.37, P = 0.25), parenteral nutrition with Gln
effectively reduced mortality (OR = 0.19, 95% CI: 0.07-0.51,
P = 0.001), which was inconsistent with the study by Jiang et
al. (14) who reported that enteral Gln supplementation could
significantly reduce the mortality risk (risk ratio= 0.38; 95%
CI, 0.16-0.90; p = 0.03). Accordingly, future clinical studies are
warranted to validate this finding. Regarding the total length of
hospital stay and complications, both parenteral and enteral Gln
supplementation were more effective than conventional nutrition
(P < 0.05). Interestingly, we found that when a Gln concentration
of 0.4 g/kg used in 17 included studies (6, 12, 27, 28, 30, 31, 33—
35, 37, 40, 42-45, 48, 49, 51) for parenteral supplementation
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FIGURE 18 | Forest plots of IL-8 associated with experimental group (parenteral or enteral nutrition group supplemented with GIn) vs. control group (conventional
nutrition group). /2 tests and P are the criteria for the heterogeneity test, 4, pooled standard mean difference; — M —, standard mean difference, and the edges of ¢,

95% Cl.

Std. Mean Difference

_Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% Cl

IV, Random. 95% ClI

-2.73[-3.30, -2.16] ——
2,57 [-3.17, -1.97] —
-0.66 [-1.05, -0.27] -
2.41[-2.94, -1.89] —
-1.85[-2.55, -1.16] —
-2.04 [-2.93, -1.14] .

4 2 0 2 4

Std. Mean Difference

Favours [experimental] Favours [control]

Experimental Control

Cui 2018 748 213 47 19.38 5.19 47  10.0%
Gao 2018 7.06 1.44 45 1219 1.79 45 10.0%
Guan 2020 723 154 40 13.53 2.01 40 9.8%
Lei 2016 25.04 343 38 2448 3.15 38 10.3%
Ren 2019 831 125 30 15.71 3.7 30 9.8%
Wa 2015 72 15 54 107 1.9 54  10.3%
Wang 2017 713 1.41 49 1221 1.81 49  10.0%
Yang 2017 67.53 9.34 34 9952 11.25 34 9.8%
Yuan 2018 2435 7.15 23 3241 422 24  10.0%
Zhao 2017 71 14 48 122 1.8 48 10.0%
Total (95% Cl) 408 409 100.0%

Heterogeneity: Tau? = 1.60; Chi? = 166.43, df = 9 (P < 0.00001); I* = 95%
Test for overall effect: Z = 5.99 (P < 0.00001)

FIGURE 19 | Forest plots of TNF-a associated with experimental group (parenteral or enteral nutrition group supplemented with Gin) vs. control group (conventional
nutrition group). /2 tests and P are the criteria for the heterogeneity test, 4, pooled standard mean difference; — Bl —, standard mean difference, and the edges of ¢,
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FIGURE 20 | Forest plots of IgA associated with experimental group (parenteral or enteral nutrition group supplemented with Gin) vs. control group (conventional
nutrition group). /2 tests and P are the criteria for the heterogeneity test, 4, pooled standard mean difference; — Bl —, standard mean difference, and the edges of ¢,

95% Cl.

Favours [Experimental] Favours [Control]

did not reduce the total hospital stay (P > 0.05), compared to
enteral supplementation (P < 0.05; Supplementary Material 3).
However, parenteral Gln supplementation was more effective
than enteral supplementation in reducing the incidence
of complications (Supplementary Material 3). In terms of
APACHE II score, ICU hospital stay and bloating recovery time,
Gln supplementation was more effective than conventional
nutrition (P < 0.05). Nonetheless, given the limited number of
included studies, subgroup analysis could not be performed. 0.4
g/kg Gln yield results, emphasizing the need for future research
with large sample data. As for secondary outcomes, in terms of
liver function indicators, nutritional support therapy with Gln

effectively improved liver function (P < 0.05). Moreover, we
found that Gln supplementation (enteral or parenteral nutrition)
increased serum albumin levels. We further analyzed the pros
and cons of different methods of 0.4 g/kg Gln supplementation
and found that parenteral supplementation was inferior to
as enteral supplementation (Supplementary Material 3).
Interestingly, compared with the conventional nutrition group,
Gln supplementation could effectively reduce Scr levels (MD
= —12.60, 95% CI: —21.97 to —3.24, P = 0.008). However,
BUN results were not consistent with the above findings (MD =
—1.34, 95% CI: —2.87 to 0.18, P = 0.08), and this discrepancy
may be attributed to the quality of the included literature. Gln
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FIGURE 21 | Forest plots of IgG associated with experimental group (parenteral or enteral nutrition group supplemented with Gin) vs. control group (conventional
nutrition group). /2 tests and P are the criteria for the heterogeneity test, 4, pooled mean difference; — B —, mean difference, and the edges of ¢, 95% Cl.
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FIGURE 22 | Forest plots of serum amylase recovery time associated with experimental group (parenteral or enteral nutrition group supplemented with GIn) vs. control
group (conventional nutrition group). /2 tests and P are the criteria for the heterogeneity test, 4, pooled mean difference; — M —, mean difference, and the edges of ¢,
95% Cl.
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FIGURE 23 | Forest plots of response rate associated with experimental group (parenteral or enteral nutrition group supplemented with GIn) vs. control group
(conventional nutrition group). /2 tests and P are the criteria for the heterogeneity test, 4, pooled odds ratio; — B —, odds ratio, and the edges of 4, 95% ClI.

supplementation was more effective than conventional nutrition  suggesting that parenteral supplementation was more effective
in reducing the inflammatory indicators, including CRP, IL-6,  for SAP patients. Indeed, notwithstanding that parenteral Gln
IL-8, and TNF-a, and could effectively alleviate the inflammatory =~ supplementation was inferior to enteral supplementation in
state in SAP. However, in terms of immune indicators, Gln  terms of total hospital stay and serum albumin levels, parenteral
therapy significantly improved IgG levels (MD = 1.24, 95%  supplementation was associated with a lower incidence of
CI: 0.82-1.67, P < 0.00001), but no statistically significant  complications in SAP patients. Although some biochemical
differences in IgA were observed (SMD = 1.42, 95% CI: —0.41  parameters, such as CRP, serum albumin and Scr, improved
to 3.25, P = 0.13). In addition, no significant difference in serum  with Gln use, there were no significant changes in primary
amylase recovery time was observed between the two groups (P outcomes, such as mortality (with enteral supplementation). It
> 0.05). has been established that the systemic inflammatory response in

In this meta-analysis, Gln supplementation was effective for ~ AP causes an increase in calorie and protein metabolism, which
all parameters except BUN, IgA and serum amylase recovery leads to systemic organ damage and substantial nutrient loss,
time. During the subgroup analysis, except for mortality, the  and long-term fasting aggravates the negative nitrogen balance
nutrition route did not affect the outcome of corresponding  (54). Inflammatory storms and inadequate nutrient intake can
indicators. At the similar Gln concentrations (0.4 g/kg), exacerbate organ damage and intestinal dysfunction. Moreover,
the two supplementation methods did not change mortality,  peripancreatic infection and necrosis cause severe sepsis, further
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FIGURE 24 | Funnel plots of the included studies for mortality (A), APACHE Il score (B), total length of hospital stay (C), complications (D), serum albumin (F), IL-6
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disrupting the intestinal barrier and leading to high patient
mortality. Therefore, protecting the integrity of the intestinal
barrier is critical for reducing patient mortality and improving
primary clinical outcomes. In the present study, we found that
enteral Gln supplementation did not improve the mortality of
SAP patients, which may be attributed to the non-recovery of
the intestinal function, and intestinal absorption of Gln was
significantly lower than that of intravenous infusion. For patients
with very severe symptoms, Gln yielded no significant effects
in the short term. In addition, although the effect of enteral
supplementation of GIn can be effective, it is still inferior to
parenteral nutrition, which is mainly related to whether Gln is
effectively utilized during early stages. The current study found
that parenteral supplementation was more effective than enteral
supplementation on primary and secondary outcomes. However,
a limited number of studies were included, and the severity of
SAP patients and the timing, dose, and duration of Gln use
remain primarily understudied, warranting further studies.

Our study findings are consistent with previous meta-analyses
(14, 22). Seven RCTs were included in the meta-analysis by
Jiang et al. (14), with a relatively smaller number of patients
and outcomes involved. A meta-analysis by Li et al. (22), which
included 10 RCTs showed that compared with enteral nutrition
(SMD = 0.36, 95% CI: —0.08 to 0.80, P > 0.05), intravenous
infusion Gln was more effective in reducing plasma albumin
levels (SMD = 1.19, 95% CI: 0.62-1.77, P < 0.05), which was
inconsistent with our study, and different results were also
observed with CRP In the present meta-analysis, 30 RCTs were
included based on strict inclusion and exclusion criteria with
increased sample size, primary and secondary outcomes. We
did not analyze indicators with <3 included studies to reduce
the risk of bias and ensure the robustness and accuracy of our
findings. Morever, we searched eight major databases to ensure
that relevant articles were not missed. Finally, we performed a
literature quality assessment, sensitivity analysis, and publication
bias detection on the included literature and presented the results
in forest and funnel plots for a comprehensive meta-analysis.

One strength of this study is that it summarizes and analyzes
the latest related literature, which makes up for the knowledge
gap in this research field. In addition, we included a relatively
large number of RCTs and a large sample size, providing robust
evidence for our findings. However, some limitations of our
study warrant attention. First of all, some indicators such as
BUN were reported in few studies which may be a source
of publication bias. Moreover, the reliability of our findings
was affected due to differences in detection method. Given the
presence of high heterogeneity among the included studies, a
random-effects model was used to improve the stability of these
outcomes. Finally, since most of the included studies originated
from China, the present study’s findings cannot be generalized to
other regions, emphasizing the need for more studies worldwide.

CONCLUSION

The findings of this study provided compelling evidence that
nutritional support therapy with Gln is an effective therapy

for SAP, especially for the recovery of relevant biochemical
indicators of patients during hospitalization and the reduction
of hospitalization time. Subgroup analysis found that parenteral
nutrition supplementation with Gln was more likely to reduce
mortality and complications in patients, so parenteral nutrition
seemed to be a better choice for patients with severe symptoms.
However, there are few studies on the timing and dose of
Gln supplementation in SAP patients, and prospective trials
are needed to prove it. In addition, the outcome of Gln
nutrition therapy for some indicators is largely unclear, such as
serum amylase and intestinal function recovery time, whether
to transfer to surgery, etc. Safety is also the focus of research,
including gastrointestinal reactions, metabolic disorders, but it
has not been paid attention to in detail in previous studies.
In the implementation of medical decisions, clinicians should
weigh the patients condition based on the above factors,
so as to facilitate a good prognosis of patients. Further
research with larger sample size is needed to improve the
current understanding of these clinical outcomes and accurately
evaluate the efficacy of nutritional therapy with Gln for
SAP patients.
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