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Abstract 

Introduction The inflammatory response is thought to be a critical initiator of epigenetic alterations. The neutro‑
phil to lymphocyte ratio (NLR), a biomarker of inflammation, is computed by dividing the number of neutrophils 
by the number of lymphocytes. The primary goal of this systematic review and meta‑analysis was to evaluate the pre‑
operative NLR of gastrointestinal surgery patients who had an anastomotic leak (AL) in comparison to those who did 
not AL.

Methods We performed a comprehensive search for relevant papers published before May 4, 2022, using PubMed, 
Scopus, and Web of Science. Standardized mean difference (SMD) with a 95% confidence interval (CI) was pooled 
in meta‑analysis to yield a summary estimate. We utilized the random‑effects model to create pooled effects 
since we discovered a substantial heterogeneity level. For evaluating quality, the Newcastle‑Ottawa scale (NOS) 
was implemented.

Results The research comprised 12 studies with a total of 2940 individuals who had GI operations, 353 of whom 
went on to develop AL. We discovered that patients who had GI surgeries and acquired AL had significantly higher 
NLR levels than those who did not (random‑effects model: SMD = 0.75, 95% CI = 0.11–1.38, p = 0.02). Patients with AL 
showed significantly higher NLR levels than control group in retrospective studies (SMD = 0.93, 95% CI = 0.20–1.66, 
p=0.01) but not in prospective studies (SMD = − 0.11, 95% CI = − 0.65–0.43, p = 0.69), according to the subgroup 
analysis based on research design. Subgroup analysis based on ethnicity yielded that white patients with AL exhib‑
ited significantly higher NLR values than the control group (SMD = 1.35, 95% CI = 0.01–2.68, p = 0.04) but this result 
was not applied to East Asian patients (SMD = 0.14, 95% CI = ‑0.13–0.41, p = 0.29).

Conclusion Our research suggests a potential association between preoperative NLR and postoperative AL. How‑
ever, it is essential to acknowledge the variability in the findings, with significantly higher NLR levels observed in ret‑
rospective studies and among white patients, but not consistently replicated in prospective studies and among East 
Asian patients. Further investigations with larger and more diverse cohorts are warranted to validate these findings 
and explore potential factors contributing to the observed discrepancies.
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Introduction
Epigenetic alterations are thought to be considerably 
triggered by the inflammatory response. In a number 
of surgical operations, the neutrophil to lymphocyte 
ratio (NLR) has been suggested as an inflammatory 
measure and predictive tool. Recent investigations have 
demonstrated that NLR is a more accurate predictor of 
patient survival than neutrophil or lymphocyte counts 
alone [1]. The significance of this ratio as an indicator 
for other outcomes, particularly anastomotic leakage 
(AL), has also been underlined by recent data from the 
literature on the gastrointestinal (GI) system [2]. The 
overall prognosis of these patients is worsened by AL 
following gastric resections, with substantial morbidity 
and death rates that might exceed 60% [3–5]. Addition-
ally, AL is linked to increased short-term mortality and 
higher healthcare system expenses [6–11]. A systematic 
review is necessary to inform clinical decision-making 
since recent studies on this subject are constantly being 
published. The key to helping doctors implement early 
treatments and enhance outcomes is knowing what an 
increased ratio would signify for a patient following GI 
surgery. Some studies have shown a significant corre-
lation between NLR and AL in a variety of GI surger-
ies, but some other do not. To our knowledge, there 
are no systematic reviews of the literature that are cur-
rently accessible that address the applicability of NLR 
in this context. In order to guide clinical management 
and enhance outcomes, this systematic review and 
meta-analysis set out to compile the information that 
is currently available on the function of the NLR in pre-
dicting AL in GI surgery. This is the first research in 
this field that we are aware of.

Material and method
We followed the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses guidelines for con-
ducting our systematic review and meta-analysis [12]. 
This study was registered in PROSPERO (ID: 387732).

Data sources and searches
On May 4, 2022, an electronic search of the three 
major databases Scopus, Web of Science, and Pub-
Med, was carried out. ((neutrophil AND lymphocyte 
AND ratio) OR NLR) AND (“anastomo*”) AND (“leak*” 
OR “dehiscence”) were the search terms that we used. 
To discover other relevant papers, reference lists of 

included articles were examined. In addition, a free-
text search of the OpenGrey grey literature repository 
was conducted.

Study selection
To guarantee a systematic search of the current litera-
ture, we select eligible studies using the PICOS (popula-
tion, intervention, control, outcomes, and study design) 
principle. The following paragraph is the criteria used for 
inclusion:

(a) Population: Patients undergoing GI surgeries who 
developed AL.

(b) Intervention. NLR.
(c) Control. Patients undergoing GI surgeries who did 

not develop AL.
(d) Outcomes. The prognostic performance of NLR in 

AL.
(e) Study Design. We anticipated case-control or cross-

sectional articles. We did not, however, restrict our 
search to a specific study design.

Exclusion criteria were:

(i) Animal, human xenograft, and cell line studies; (ii) 
review papers, case series, or case reports; (iii) dupli-
cate publications.

The papers that the search strategy turned up were all 
given a thorough independent evaluation by two review-
ers. Disagreements were settled by consensus. After 
excluding duplicate and clearly irrelevant articles, the full 
text of all potentially relevant publications was obtained 
and assessed for eligibility after duplicate articles. Any 
unclear or missing information was clarified by reaching 
out to the corresponding author.

Data extraction
Two authors separately utilized predesigned abstrac-
tion forms to collect data. Disagreements were resolved 
by consensus. The following information was extracted 
from the included study: the first author’s name, the year 
of publication, the ethnicity of the participants (East 
Asian or White), the study’s location, the type of surgery 
(colorectal, esophageal, or gastric), the study design (pro-
spective or retrospective), AL severity, mean age, gender, 
mean, mean follow up time, AL diagnosis criteria, AL 
diagnosis time, severity classification, AL management, 



Page 3 of 21Haghi et al. BMC Surgery           (2024) 24:15  

exclusion criteria and comorbidities, perioperative thera-
pies, tumor staging time of blood collection, the number 
of cases and controls, and the participants’ NLR levels.

Quality assessment
The methodological quality of included studies was 
assessed and scored using the Newcastle-Ottawa Quality 
Assessment Scale (NOS), which has three parts compara-
bility, outcome, and selection [13]. Studies of high quality 
received a score of six or above. In addition, Risk of bias 
assessment was conducted based on Cochrane-endorsed 
ROBINS-I assessment tool.

Data synthesis and statistical analyses
The meta-analysis was carried out using Stata 11.2 soft-
ware (Stata Corp, College Station, TX). To account for 
variations in NLR measuring procedures between stud-
ies, the standard mean difference (SMD) with 95% CI 
was employed instead of the weighted mean difference 
(WMD). Based on the study design, the kind of sur-
gery, and ethnicity, subgroup analyses were also carried 
out. We used a random-effects model in this meta-anal-
ysis because of the significant heterogeneity between 
included articles. Cochran’s Q test and  I2 statistics were 
used to evaluate the statistical heterogeneity:  I2>75% and 
p value of Q test < 0.05 were considered as significant 

heterogeneity of results. To estimate mean and SD from 
median and interquartile range and/or range, we used 
the technique developed by Wan et al. [14]. By utilizing 
Egger’s test and a visual examination of the funnel plot, 
publication bias was determined. All statistical tests 
were two-sided, and statistical significance was defined 
as p < 0.05. Sensitivity analysis, subgroup analysis, and 
meta-regression were performed to find the source of 
heterogeneity. Subgroup meta-analyses was conducted 
based on type of surgery, study design, and ethnicity, and 
meta-regression was performed based on age, gender, 
NOS score, AL diagnosis time, and BMI. We also con-
ducted sensitivity analysis to explore the impact of each 
included study on the final result.

Results
Identification of relevant studies
The database search and the manual search of the article 
citation list resulted in a total of 323 results. We found 
no further relevant studies in grey literature and hand-
searching. After excluding irrelevant studies and dupli-
cates, we included 12 studies in the present systematic 
review and meta-analysis for a total of 2940 patients 
undergoing GI surgeries, of whom 353 developed AL [4, 
15–25]. The PRISMA flow diagram in Fig. 1 describes the 
exclusion and inclusion procedure in detail.

Fig. 1 PRISMA 2020 flow diagram for new systematic reviews which includes searches of databases, registers and other sources
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Study characteristics and quality assessment
In terms of study design, there were two prospec-
tive and 10 retrospective studies. Studies were con-
ducted in China(n = 3) [17, 18, 25], Italy (n = 2) [19, 
22], Romania(n = 2) [4, 20], Japan(n = 2) [23, 24], 
Indonesia(n = 1) [15], Turkey(n = 1) [16], and Mexico(n = 1) 
[21]. So, there were six studies on white people, with 2106 
patients, of whom 200 developed AL [4, 16, 19–22], and six 
studies on East Asian people, with 834 patients, of whom 
153 developed AL [15, 17, 18, 23–25]. Four studies, with 
513 patients, of whom 67 developed AL, included patients 
undergoing gastric surgery [4, 16, 21, 22], four studies, 
with 1783 patients, of whom 168 developed AL, included 
patients undergoing colorectal surgery [15, 19, 21, 24], and 
four studies, including 644 patients, of whom 118 devel-
oped AL, were on esophageal surgery [17, 18, 23, 25]. All of 
them were written in English. The quality of the studies was 
high, with scores ranging from 6 to 8. The general charac-
teristics and details of the patients in each study are listed 
in Tables 1 and 2, respectively. In addition, Tables 3 and 4 
shows the detail data from quality assessment and risk of 
bias assessment.

Comparison of NLR between patients undergoing GI 
surgeries who developed AL and those who did not
After polling the data of 12 studies [4, 15–25], we found 
that NLR levels were significantly higher in patients 
undergoing GI surgeries who developed AL than those 
who did not (random-effects model: SMD = 0.75, 95% 
CI = 0.11–1.38, p = 0.02). We used a random effect model 
in our meta-analysis, because a significant heterogene-
ity was observed across the studies  (I2 = 96.1%, p < 0.01; 
Fig.  2). Similar to the previous result, NLR levels were 
significantly higher in patients undergoing GI surgeries 
who developed AL than those who did not after exclud-
ing these studies (Fixed-effects model: SMD = 0.14, 95% 
CI = 0.02–0.26, p = 0.02). It shows that the presence of 
statistical heterogeneity is attributed to these studies.

In the subgroup analysis according to the type of sur-
gery, we did not find any differences in NLR levels between 
cases and controls (SMD = 1.26, 95% CI = − 0.95–3.47, 
p = 0.26 in gastric surgery; SMD = 0.97, 95% CI = − 0.17–
2.10, p = 0.09 in colorectal surgery; and SMD = 0.04, 95% 
CI = − 0.29–0.37, p = 0.80 in esophageal surgery) (Fig. 3).

As seen in Fig.  4, in the subgroup analysis accord-
ing to study design, NLR levels were significantly higher 
in patients with AL than control group in retrospec-
tive studies (SMD = 0.93, 95% CI = 0.20–1.66, p  = 0.01) 
but not in prospective studies (SMD = − 0.11, 95% 
CI = − 0.65–0.43, p = 0.69).

Figure 5 shows the subgroup analysis according to eth-
nicity. We found that NLR levels were significantly higher 

in patients with AL than control group in white people 
group (SMD = 1.35, 95% CI = 0.01–2.68, p = 0.04) but not 
in East Asian group (SMD = 0.14, 95% CI = -0.13–0.41, 
p = 0.29).

Source of heterogeneity
The type of surgery, study design, and ethnicity cannot be 
the source of heterogeneity, because the subgroup analy-
sis based on them did not reduce the heterogeneity.

In the meta-regression analysis, there was no signifi-
cant effect of the mean age of cases (B = 0.08,  R2 = 9.95, 
p = 0.18) and percentage of male patients (B = 0.0005, 
 R2 = -10.64, p = 0.98), NOS score (B = − 0.76,  R2 = 3.40, 
p = 0.26), AL diagnosis time (B = 0.006,  R2 = − 40.21, 
p = 0.53), and BMI (B = − 0.03,  R2 = 3.05, p = 0.29) on 
NLR. So they cannot be the source of heterogeneity.

Sensitivity analysis
However, exclusion of two outlying study from the analy-
sis [4, 20] attenuated heterogeneity tests to non-signifi-
cance  (I2 = 39.6%, p = 0.093; Fig.  6); so they can be the 
source of heterogeneity.

Publication bias
Figure 7 indicates no publication bias among studies on 
the role of NLR in AL (Egger’s test p = 0.23).

Discussion
Our study found that patients with AL had significantly 
increased pre-operative NLR, and there is a risk increase 
associated with AL in patients with elevated NLR. 
This effect was more apparent in retrospective studies 
(p = 0.01) and among white people (p = 0.04). In the sub-
group analysis based on surgery type, the results were 
insignificant; however, the pooled results of all included 
studies yielded significant results. This can be due to mul-
tiple reasons: 1) variability in sample sizes: The number 
of studies available for each surgery was limited which 
resulted in smaller sample size and reduced statistical 
power. Insufficient data within each subgroup might have 
led to inconclusive results. 2) Heterogeneity in patients’ 
populations: The lack of significance in the subgroup 
analysis based on surgery type could be due to variations 
in patients’ characteristics within each subgroup. Differ-
ences in comorbidities, disease severity, or surgical tech-
niques may have influenced the results.

It is crucial to note the dynamic roles of neutrophils 
and lymphocytes in the setting of GI surgery to under-
stand their relative proportions. In inflammatory dis-
ease, blood neutrophils often increase, and lymphocytes 
often decrease [4]. Neutrophils act on the ischemic areas 
of the anastomosis by releasing inflammatory cytokines 
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and free radicals. In contrast, lymphocytes work to 
decrease inflammation and the healing process [26]. At 
the cellular level, the wound healing process of intestinal 
anastomosis follows a classical pattern: inflammation, 
proliferation, and remodeling. Initially, the inflammatory 
phase is characterized by the flood of neutrophils to the 
anastomotic site, and the tissue growth factor is rapidly 
produced. Proliferation begins as fibroblasts produce 
collagen in the extracellular matrix, most notably within 

the submucosal layer. Finally, the newly formed tissue 
begins to remodel [27].

Neutrophil levels increase within 1 hour and persist 
for the first 48 hours [28]. At the anastomotic trance, 
neutrophils phagocytose bacteria and foreign particles. 
This phagocytic activity replaces that of macrophages as 
their activity is decreased. Additionally, neutrophils aid 
in the healing process by releasing oxidants and hydro-
lytic enzymes [29]. Lymphocytes begin their course in the 

Table 3 Detail data from Quality assessment

NOS 
section 
Author

Selection Comparability Exposure Total 
stars

Is the case 
definition 
adequate?

Representativeness 
of the cases

Selection 
of 
Controls

Definition 
of Controls

Comparability 
of cases and 
controls

Ascertainment 
of exposure

Same 
method of 
ascertainment 
for cases and 
controls

Non-
Response 
Rate

Cikot ★ ★ ★ ★ ★ ● ★ ★ 7

Paliogian‑
nis

★ ★ ★ ● ★★ ★ ★ ★ 8

Rad‑
ulescu1

★ ★ ★ ● ★ ● ★ ★ 6

Rad‑
ulescu2

★ ★ ★ ● ★ ★ ★ ★ 7

Romano ★ ● ★ ★ ★ ★ ★ ★ 7

Sato ★ ★ ★ ★ ★ ★ ★ ★ 8

Suzuki ★ ★ ★ ★ ★ ● ★ ★ 7

Yuliandar ★ ★ ★ ● ★ ● ★ ★ 6

Huang ★ ● ★ ★ ★ ★ ★ ★ 7

Li ★ ★ ★ ● ★★ ● ★ ★ 7

Rodriguez ★ ★ ★ ● ★ ● ★ ★ 6

Wu ★ ★ ★ ● ★ ● ★ ★ 6

Table 4 Risk of bias assessment based on Cochrane‑endorsed ROBINS‑I assessment tool

Confounding Bias in selection 
of participants 
into the study

Bias in 
classification of 
the exposure

Bias due to 
departures 
from intended 
exposures

Bias due 
to missing 
data

Bias in 
measurement 
of the outcome

Bias in selection 
of the reported 
results

Total

Cikot Moderate Low Low Low Low Low Low Moderate

Paliogiannis Low Low Low Low Low Low Low Moderate

Radulescu1 Moderate Low Low Low Low Low Low Moderate

Radulescu2 Moderate Low Low Low Low Low Low Moderate

Romano Low Low Low Low Low Low Low Moderate

Sato Low Low Low Low Low Low Low Moderate

Suzuki Low Low Low Low Low Low Low Moderate

Yuliandar Low Low Low Low Low Low Low Moderate

Huang Moderate Low Low Low Low Low Low Moderate

Li Low Low Low Low Low Low Low Moderate

Rodriguez Low Low Low Low Low Low Low Moderate

Wu Moderate Low Low Low Low Low Low Moderate
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inflammatory process after the first 72 hours. Lympho-
cytes mediate the healing process through extracellular 
matrix synthesis and collagen remodeling [30].

The inflammatory stage, marked by the influx of neu-
trophils, persists for as long as there are bacteria and for-
eign particles to phagocytose within the digestive lumen. 
Therefore, this stage will be abnormally prolonged in 
patients with pre-existing proinflammatory conditions. 
This will consequently result in increased tissue injury 
and decreased extracellular matrix synthesis [31]. Ulti-
mately, this persistent proinflammatory state will lead to 
an insufficient cure of anastomosis with dehiscence [4]. 
Morimoto and colleagues illustrated the specific role 
tumor-related inflammation has in wound pathology that 
results in AL in patients with colorectal cancer. Their 
research demonstrated the predictive role white blood 
cells have, in addition to the NLR, in AL prevention and 
treatment [32].

Radulescu and colleagues investigated NLR as a pre-
dictor of AL in patients undergoing gastric resection. 

Retrospectively, a pre-operative NLR greater than or 
equal to 3.54 was significantly correlated with post-oper-
ative AL. It is of note that NLR increased directly pro-
portional to tumor stage. Therefore, patients with more 
severe malignancies have an increased risk of AL [4]. 
Forget, and colleagues found a statistically significant ele-
vated NLR on postoperative day seven following abdomi-
nal surgery in patients with a post-operative infection 
versus patients with good postoperative outcomes. 
Their optimal NLR threshold on postoperative day 7 is 
5.5, (sensitivity: 66%, specificity: 77%) [33]. While this is 
a statistically significant marker, the hospital course of 
patients is frequently less than 7 days, and their AL are 
often already manifested by the time they return to the 
hospital. In their study, Pantoja Pachjoa and colleagues 
did not find a statistically significant difference in NLR 
values between patients with or without post-operative 
infections until post-operative day 5 [34].

Pantoja Pachjoa and colleagues found that C-reactive 
protein (CRP) served as a more accurate prognostic 

Fig. 2 Meta‑analysis of differences in NLR level between patients undergoing GI surgeries who developed AL and those who did not
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Fig. 3 Subgroup analysis of differences in NLR level between patients undergoing GI surgeries who developed AL and those who did not, 
according to the type of surgery

Fig. 4 Subgroup analysis of differences in NLR level between patients undergoing GI surgeries who developed AL and those who did not, 
according to study design
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indicator of AL than NLR in their retrospective cohort 
following colorectal surgery. Their data suggest that the 
CRP at post-operative day 5 serves the most power-
ful predictive role at values greater than 54 mg/dL [34]. 
Additionally, Ramanathan and colleagues suggested that 
while an open surgery approach for colon cancer resec-
tion carries a greater inflammatory response than a lapa-
roscopic approach, the predictive thresholds of CRP in 
post-operative complications were similar across both 
approaches. CRP values greater than 180 mg/dL on day 3 
and 140 mg/dL on day four served as a threshold of post-
operative infections in both surgical approaches. Notably, 
the patients undergoing laparoscopic procedures have 
lower baseline CRP values pre-operatively [35]. As CRP 
is a measure of the inflammatory response, these patients 
likely had fewer inflammatory comorbidities. These 
previous studies suggest a relationship between a CRP 
threshold and the development of a post-operative infec-
tion across surgical approaches and comorbidity.

These data suggest a use for both NLR and CRP in pre-
dicting AL and post-operative infection. Further data is 
needed to determine under which conditions either value 
is useful. This includes scenarios assessing patients with 
various comorbidities. Additionally, developing a hospital 

course that may involve returning for a blood draw after 
discharge may prove to be cost-effective by allowing cli-
nicians to detect the potential manifestation of a post-
operative infection. This would aid in the prevention and 
treatment of life-threatening poor post-operative out-
comes. Further research is needed to determine the exact 
timeline of this proposed course, as well as the cost-effec-
tiveness and reality of follow-up.

The results indicate a difference in the predictive value 
of NLR in retrospective (p = 0.023) compared to pro-
spective studies (p = 0.49). We speculate that this effect 
may be due to the smaller number of prospective studies 
compared to retrospective studies. Thus, more prospec-
tive studies may help clarify whether there is a difference 
between retrospective and prospective studies in the 
context of the NLR and its predictive value for AL.

Furthermore, we found a difference in NLR predictive 
value for AL when comparing studies with white people 
(p = 0.016) compared to East Asian patients (p = 0.995). 
Specifically, higher pre-operative NLR values were 
found in Caucasian patients with AL relative to those 
with normal healing, but this effect was not replicated 
in the East Asian group. We propose that these differ-
ences may be attributed to diet, leading to microbiome 

NOTE: Weights are from random effects analysis

.

.

Overall  (I-squared = 96.1%, p = 0.000)

ID
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Fig. 5 Subgroup analysis of differences in NLR level between patients undergoing GI surgeries who developed AL and those who did not, 
according to ethnicity
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composition [36]. Furthermore, mice fed a high-fat obe-
sogenic Western diet had an increased risk of AL, which 
was prevented by a short course of low-fat and high-fiber 
standard chow diet [37]. The microbiome also varies sig-
nificantly by ethnicity, which is an important proxy for 
dietary and lifestyle differences between groups [38, 39]. 
Thus, the differences between East Asian and Caucasian 
individuals in our study may be attributed to dietary and 
lifestyle factors between ethnicities.

Not only the pre-operative NLR but also the post-oper-
ative NLR has been an object of research [34, 40–42]. 
Walker et al. examined 136 patients undergoing colonic 
and rectal anastomosis and found NLR to be a signifi-
cant predictor of AL, particularly on post-operative days 
3 and 4 [41]. This mirrors the findings of Liu et  al. [42] 
and Al Lawati et al. [41], who studied 787 patients with 
rectal cancer and 333 patients with esophageal adeno-
carcinoma, respectively. Liu et  al. found NLR to be a 
significant predictor of AL on post-operative days 3 and 
5 (P < 0.05) [41]. Al Lawati et al. also found NLR to be a 
significant predictor of AL on post-operative days 1, 2, 

and 3 (P < 0.001, < 0.001, < 0.001, respectively) [41]. Fur-
thermore, patients with AL demonstrated rising NLR 
trends in the early post-operative period [41]. Mean-
while, a low NLR value on post-operative day three was 
associated with a high negative predictive value (92.4%) 
for AL. In contrast to the above studies, Pantoja Pacha-
joa et al. included 116 patients who underwent colorectal 
surgery with anastomosis and found post-operative NLR 
not to be a significant predictor of AL [34]. Instead, CRP 
was the best predictor, especially on post-operative day 
5 (p < 0.001). Elevated post-operative CRP has also been 
shown to be a reliable predictor of AL in other studies 
and sometimes superior to that of NLR [34, 40, 43–45]. 
However, NLR is cheap and conveniently measured, so 
it likely still retains utility in post-operative management 
following anastomosis [40].

Limitations and strengths
There are a few issues with our research that need to be 
addressed. First, there was a high level of heterogeneity 
in the papers we included in our analysis. Although the 

Fig. 6 Meta‑analysis of differences in NLR level between patients undergoing GI surgeries who developed AL and those who did not, without two 
outlying studies
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random effect model compensated for this, such meas-
ures may not completely solve the problem of heteroge-
neity. High heterogeneity might be attributed to the fact 
that many methods were employed to evaluate NLR in 
selected studies, and within those utilized, there is also 
a risk of user variability owing to their subjective char-
acter. Furthermore, most of the included papers on this 
issue were retrospective. More prospective investigations 
are therefore suggested. Finally, we could not perform 
subgroup analysis based on diagnosis criteria, severity 
classification, management, comorbidities and periopera-
tive therapies, because the data of included studies was 
incomplete and heterogeneous to the extent that we can-
not categorize them in groups. However, these variables 
could be the possible source of heterogeneity in our study.

Nonetheless, the current review has three major 
strengths. To our knowledge, this is the first meta-analysis 
that investigates the relationship between NLR and AL. 
Second, the studies were only included in the final analy-
sis if they fulfilled strict and clear inclusion and exclusion 
criteria. Third, our systematic search, in combination 
with a manual assessment of references from resulting 
documents, guaranteed a complete and credible literature 
search, which is a significant strength of our research.

Conclusion
Our study showed that NLR level is elevated in patients 
with AL than those without AL. The results of our 

study support an association between elevated pre-
operative NLR values and increased risk of AL among 
patients undergoing GI surgeries. NLR represents a 
unique inflammatory marker whose elevation in AL 
implicates immune system imbalance in the pathogen-
esis of the disease. Further, our findings support NLR 
as a promising biomarker that can be readily integrated 
into clinical settings to aid in predicting and preventing 
AL. Ultimately, with the development of new biomark-
ers and therapeutic modalities, we can better prevent 
and treat AL to decrease long-term morbidity and 
mortality.
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